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ICAO Environmental - ENV Tools Suite
ICAO Carbon Emissions Calculator — for States

Allows passengers to estimate CO, emissions from their air travel

ICAO Fuel Savings Estimation Tool (IFSET)

To assist States in estimating fuel savings from operational improvements

ICAO CORSIA CO2 Estimation and Reporting Tool (CERT)

To assist States and aeroplanes operators - monitoring and reporting requirements

ICAO E-Learning Course — Module 1. State Action Plan
ICAO Green Meetings Calculator

To support decision making in minimizing CO, emissions from air travel to attend meetings

“ ICAO EBT — Environmental Benefit Tool
ameones ICAO MAC Curves
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Baseline Mitigation Expected
scenario Measures Results

[a MAC CURVES
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Action Plan Emissions Reduction (APER) Website

ICAO SECURE PORTAL Welcome Page

Welcome to the Action Plan on Emissions Action Plan
; Reduction (APER) Website o odection

SLEMAT ASTATE ACTION FLAN

This website has been developed to assist States that want to prepare and submit their State Action Plan to ICAQ.

sy e SUBMIT A STATE ACTION PLAN
State Action Plans enable all ICAO Member States to establish a long-term strategy on climate change for the Emissions Reduction
international aviation sector, involving all interested parties at national level. The level of detail submitted within a Sta :_’::“T“ AIATE AC RN

Welcome to the Action Plan on Emissions Reduction Action Pian

Action Plan will ultimately enable ICAO to compile global progress towards meeting the goals set by Assembly CONTACT ICAD (APER) Website nmm»)-
Resolution A37-19, and reaffirmed by A38-18, A39-2, and A40-18. States are invited to update their State Action Plar
every three years, so that ICAO can continue to compile the quantified information submitted. Theto are fwo ways i submil a Stale Acsion Plan Erough the APER

1) Comgieto tha slop-by-skep process of enterng data deoctly on tha sitie, with B cpbion to uplcad supportng malonal, of
UPCOMING EVENTS: State Action Plans — Online Regional Seminars 2020 e = conplet s i Ackon Plen = s POF o W oquments sy it vy sxppllivg st
SAM/NACC - 27 to 28 July, starting at 13:00 Lima / 13:00 Mexico City time Ploase seéect tha submesion piocess hat you woukd Bke io ‘ollow
EUR/NAT - 29 to 30 July, starting at 14:00 Paris time )
ESAF/WACAF - 03 to 04 August, starting at 15:00 Nairobi / 12:00 Dakar time FOLLOWTHE STER-BY. UPLOAD A COMPLETE
APAC - 05 to 06 August, starting at 08:00 Bangkok time SIEEARR PROCESS STIEACTIONRIAN
-M ID = 25 tO 26 August_ Stal'til"lg at 13:00 Cail’o time ninimum information described above in English. If the State

© ICAO 2019



NO COUNTRY LEFT BEHIND,

. Resources . Tools links and guidance

Document 9988 - Guidance Material for the

Environmental Benefit Tool (EBT)
Development of States' Action Plans

ICAO e-learning course on Action Plans

Document 10031 - Guidance on Environmental ICAO Carbon Emissions Calculator for States
Assessment of Proposed Air Traffic Management
Operational Changes Marginal Abatement Cost (MAC) Curve Tool

ICAO Fuel Savings Estimation Tool
Transforming Global Aviation Collection
Eco-Airport Toolkit e-collection

. Miscelleanous

Assembly Resolution A40-18 — Climate Change

International RTK by State

Form M

Feasibility Studies

Seminar Material

© ICAO 2019
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ICAO E-Learning Training Tutorial

% cr0 =Bl @ unitar

CAO UNITAR Online Training Tutorial

FROM INTERNATIONAL AVIATION

@) UN CC:e-Learn

Think, Talk, Act Climate

www.icao.int/environmental-protection

https://unccelearn.org

This e-tutorial aims to build an understanding of the importance of States' Action Plans
in the civil aviation sector.

It shows how, by adopting the right "basket of measures" in the aviation sector,
according to their own contexts, States can mitigate the Greenhouse Gas Emissions
from international aviation .
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E-Learning Training Course on States Action Plan

MUDULE This module describes the main components of the MDDULE This module provides an overview of mitigation measures

States’ Action Plans on CO; Emissions Reduction from to limit or reduce CO; emissions from international

. L . aviation and case-studies of low emissions aviation
International Aviation. By the end of this module, you measures implemented in States. By the end of this

module, you will be able to:

will be able to:

STATES" ACTION PLANS Define the activities to carry out for the development of a
OHN CO; EMISSIONS State Action Plan

REDUCTION FROM

INTERMNATIOMAL AVIATION Explain why it is important to develop a State Action Plan
MUDULE This module aims to provide the necessary information

Describe the main information which should be included in
a State Action Plan
to enable States to select, prioritize and implement

. h . . . mitigation measures. By the end of this module, you will
MUDULE This module aims to provide the necessary information be able to:
to enable the States to calculate their baseline. By the

end of this module, you will be able to: SELECTION, Analyse the banefits and effectivenass of mitigation
PRIORITIZATION AND measures in relation to the costs involved
Define the baseline scenario of CO: emissions from IMPLEMENTATION OF - .
BASELINESCENARID [T MITIGATION MEASURES

CALCULATION Carry out a rick analysic in the process of implementing
Estimate international aviation fuel burnt, C0: emissions, q mitigation measures
and International Revenue Tonnes Kilometer (RTK)

MITIGATION

ate the baseline using the ICAD Environment MDDULE This module presents the tools that allow the Civil
Benefits Tool ([EBT] Aviation Authorities [CAA] to calculate, as well as to
monitor CO; emissions from international aviation at the
State level. By the end of this module, you will be able to:

TOOLS AND EXPECTED Use the ICAD tools to calculate CO,; emissions reduction and
RESULTS fuel savings

U N ‘ ‘ : e — Lea r n Use the ICAD Environmantal Benefits Tool [EBT] to calculate

the expected results from the selected mitigation measures
Think, Talk, Act Climate

Use the Aviation Environmental System [(AES] to monitor CO,
emissions from the aviation sector, if available in the State
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E-Learning Training Course on States Action Plan

@ icno ~—ll @S

@|Sunitar

INTERNAT
AVIATION
MODULE 1: STATES’ ACTION MODULE 3 STATES’ ACTION REDUCTIO
e = MODULE 5: STATES’ ACTION
PLANS ON CO; EMISSIONS Finle PLANS: MITIGATION MEASURES ~ [JalRiEs A : :
REDUCTION FROM L PLANS: TOOLS AND EXPECTED
e -~ RESULTS

INTERNATIONAL AVIATION
LEARNING OBJECTIVES

By the end of this madule, you should be able 1o: +

LEARNING OBJECTIVES

LEARNING OBJECTIVES

By the end of this moduie, you should be able ro:

[ (sl s o con b ko by o Sttt educe
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Bl 0ofine the Baseline; the progess of developing
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Estimating aircraft fuel burn and CO,
emissions: ICAO Carbon Emissions Calculator

e Description:

ICAO has developed a
methodology to calculate
the carbon dioxide
emissions from air travel
for use in offset
programmes.

© ICAO 2019
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ICAO Carbon Emissions Calculator Methodology (cont.)

User-friendly, unbiased, tool to compute carbon emissions from air travel
Suitable for use with voluntary offsetting programmes

Best publicly available data (transparency)

Fully documented

ICAO Carbon

Methodology Developed through CAEP ,,

. . Available on the
Expert inputs provided from

ICAO Secretariat, ICAO Member States, Universities
NGOs, International Air Transport Association — IATA (Airlines),

International Coordinating Council of Aerospace Industries Associations — ICCAIA
(Manufacturers)

Methodology is internationally recognized and accepted

All UN air travel GHG inventories are prepared using the ICAO Calculator

© ICAO 2019



11

[ICAC  ENVIRONMENT NO COUNTRY LEFT BEHIN

ICAO Carbon Emissions
Calculator - Public Interface

ICAO Rarbon Emissions Calculator

AO has developed a methodology to calculate the carbon dioxide emissions from air travel for se in

 Transparent e +

The IGAQ Carbon Emissions Calcuiator allows passengers to estimate the emissions atributed to their
ai travel. It is simple to use and requires only a lmited amount of information from the user

The methodology appiies the best publicly avalable IndustTy data to account for various factors such as
[} asy_ O - u S e aicrat types, route specif data, passenger load factors and cargo camed

For addiional information, please: Contact us.of refer FAQ o see the accompanying methodology 1o

the ICAQ Carbon Emissions Calculator

o Publicly available S—

O, Emissions per passenger take into consideration the load factor and are based only on pissenger operations (i e. fuel burn
associated with belly freight is not considered). The steps for the estimation of CO; emissions py passenger:

« Delivers consistent estimates of CO, — ainteinn

Stap 2: Calculation of the passengers' fuel bum based on a passenger freight factor which is derived fom RTK data

H H Step 3: Calculation of seats accupied (assumption: all aircraft are entirely configured with economic sealk). Seat occupied = Total
sultable Tor use with ofiset programs

Step 4: CO: emissions per passenger = (Passengers' fuel bum * 3 18) / Seat occupied

Note: for fiights above 3000 km, CO2 emissions per passenger in premium cabin = 2 x GO2 emissions per passenger in economy

 Available since June 2008

http://www.icao.int/ENVIRONMENTAL-
PROTECTION/CarbonOffset/Pages/default.aspx Link to Methodology

© ICAO 2019
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ICAO Carbon Emissions
Calculator
User Interface for
Action Plans

Action Plan
on Emissio
Reduction

Available on the
APER Website

L = 16A0 ¢
File i Hame 1 Insert Page Layout Farmulas Data Review View Developer PowerPivot
= X ; i .= = e R gelnset~ X v
Arial 10 v A A = A =1 General x I ﬁ L@
B Te s --We B ®m I
Paste B 7 U~ | i~ - - = iE i= fag = - g <0 .00 (Cgnditional Format Cell ¥ Sort & Find &
e i) fult = e ) i 2 | Bie e Formatting - as Table + Styles - [Sd FOrmat ~ | 2™ Fifter v Select =
Clipboard 13 | Font | Alignment = | Number ] Styles | cems | Editing |
ALS 7 | gl
3
| 3
7 A [ B I C [ D E [ F -
| 1] I}o.ou-.h ICAO Carbon Emissions Calculator (Entire Flight) Results E
Bl X Version 2.6 Total CO; (tonnes):
3 b ;
|4 o @ICAD 2016 Total flights:
b
6 | Remarks:
0]
| 8 |
71907 Click to Compute CO2
1]
12
13+ + + + + Insert schedule data below this row + + L d + + +
14 |Airport Pair or Distance in km  Number of Flights _ Aircraft Code " CO;z (kg) " Messages
15 |
16|
7
Simply enter the flight schedule for the State
ot
23
24|
| 25
26
|27 =
D ¥ | What's new in v2.6 - License Agreement Passenger Air Travel | Flight Emissions .~ Available[]] 4 [ [ | »
Beaiy,| FEOE 0% ) U—&
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Estimating Fuel Savings from Operatioral
Changes:

ICAO Fuel Savings
Estimation Tool (IFSET)

=

13 © ICAO 2019
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ICAO Fuel Savings e
Estimation Tool '

£ i

clrb

Level + 28000 25000 0

Description:

Operational measures are one of the instruments
available to States to improve fuel efficiency and
reduce CO, emissions.

The ICAO Fuel Savings Estimation Tool (IFSET)
has been developed by the Secretariat with
support from States and international
organizations to assist the States to estimate fuel
savings in a manner consistent with the models

Custanes (ami

approved by CAEP and aligned with the Global
Air Navigation Plan.

£
Oistance o)

Cstance ()
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The tool can estimate:

— Effects of shortening / eliminating level
segments on departure and approach

— Effects of shorter routes (either in time
or distance)

— Effects of cruising at different altitudes
— Effects of reduced taxi times

& ICAO Fuel Savings Estimation Tool
»

D

15 © ICAO 2019
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e The tool does not:

— Replace detailed modelling or measurement of
fuel consumption

— Estimate fuel consumption from airborne holding

— Compute other elements than fuel consumption /
CO, emissions

16 © ICAO 2019
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Step 3 - Estimated Fuel Changes Report

Scanari Name; Exampis

Distance (nem} Altitude (1) Distance (nmj
[ 3000 [
ar 20000 57
57 20000 T
T 25000
Oid Procedurs New Procedure
2854 25+
204 20
154
El&- E
E x
3 :
301 31
H Z
5+ 54
o . o
mn 40 &0 0 40
Distance (nm) Cistance (nm)

Aninuge {f)
3000

25000

35000

Scenario Name

Example

Old Climb Fuel (KG)

923000

Old Descent Fuel (KG)
0

Old Level Fuel (KG)
155800

old Taxi Fuel (KG)

258800

NO COUNTRY ggﬂrﬁglél

©Old Fuel Consumption (KG)

1337600

Estimated Fuel Changes Report

New Fuel Consumption (KG)

1283000

Estimated Detailed Fuel Changes Report
New Climb Fuel (KG)

921000

New Descent Fuel (KG)

0

New Level Fuel (KG)
146400

New Taxi Fuel (KG)

215600

savings (KG) savings (%)

-54500 -4.10

Climb Savings (KG)

-2100

Descent Savings (KG)

0

Level Savings (KG)
-9400

Taxi Savings (KG)

-43100
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I FS ET = I n S u m m a ry GREEN RNP APPROACH BENEFITS

Lower Koise

- Reduced Track Mite Distance
- Less Foel Consumed

- Reduced Emissioas

Operational Measure
Implementation (planned or
post)

+

Confimunos Doscanf drvival e Throst)
Integrated With RNP Apgroach

Non-RVSM RVSM

i U e S l Need to quantify change in
-y i e fuel consumption, but don’t

T PR S have the tools?
=-! ——‘—
&h ;E:: \ & Conventional Departure Continuous Climb Operations

FL350 -—_— FL350 ———J_ —_

F1340 —l——@
FL330 —:‘ FL330 -.-:l

FL320 __b_.h U S E ",...;' e
FL310 —L——— FL310 _—J_ ._."

FL300 L_: ﬁ ““- e .\n' / ‘...u' \

--------------------

FL290 MR~ | P -‘ . )
tﬂ:l:i . 4::::‘:
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Environmental Benefits Tool (EBT)

e Description:

The EBT is a tool developed for supporting States in the Welcome Page

WELCOME TO THE ENVIRONMENTAL BENEFIT TOOL (EBT)

development of their State Action Plan.

A tutorial has been developod
The tuterial (text and video) can be accessed at all ¢

H-

below.

This tool allows easily generating a baseline scenario,

estimating the impact of mitigation measures and finally

generating expected results.

© ICAO 2019
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Environmental Benefit Tool (EBT)

1. Aircraft-related technology development 4. More efficient operations
HISTORICAL 1. Historical data i 1. Fuel savings
DATA 2. Alternative fuels 5. Economic/Market-based measures
EXPECTED
2 MEASURES i RESULTS
) < S = 6. Regulatory measures [ other "
BASELINE 2. Baseline : 2.CO, savings

1. Select baseline methodology:
* Method A — The main national air carrier of the State has a fleet of no more than 10 aircraft
* Method B — The State has access to data for 5 years or more
* Method C— The State only has data available for a single year

2. Generate the baseline up to 2050

Calculate the impacts of the mitigation measures based on Rules of Thumb, IFSET or State data

Generate the expected results by combining baseline and mitigation measures information
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Environmental Benefit Tool (EBT)

Future developments
sl =k e etz | 1. Migrate EBT from Excel-based tool to Application
o e e £ - (.exe)
e g Al . § /_f-{'(; 2. Integrate the ICAO Carbon Emissions Calculator
e s S 2 S -l methodology and IFSET methodology into EBT
e o i I =l
k=] . . g . .
s | ey e e == 5 o il 3. Provide more flexibility to users to import their own
s e e T : el
e i s e L — data into EBT
e e s = g g g g R 4. Improve connection between EBT and the APER
s asae s Siison Sresian e et )
= el B Bt e o website

© ICAO 2019
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This tool offers the possibility to States to

identify and rank up to 20 mitigation measures

in order to facilitate decision-making.

The tool includes a user-friendly interface and

is fully customizable to fit the State’s situation

© ICAO 2019
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Marginal Abatement Cost Curve (MACC)

Based on the analysis of the mitigation measures included in the State Action Plans submitted by

ICAD Member States, ICAD has developed global MAC curves, which simplify the process of assessing
the COzemissions reductions and the costs for individual measures and so help States and aviation
stakeholders put them in priority order. A MAC Curve Tool can be tailored to the individual reality of
States, allowing them to input their local data, create MAC curves and therefore pricritize the measures
to be impleme nted in light of their own circumstances and conditions.

ICAQ IDENTIFIED MITIGATION MEASURES

ai MAC CURVES

Under the framework of the ICAO-UNDP-GEF project, ICAD has designed a tool to
support States and their stakeholders prioritize the most appropriate international
aviation CO; emissions mitigation measures, in light of their respective costs and
CO; emissions reductions. The toolis particularly focussed on developing States
and Small Island Developing States (SIDS).

Mumerous measures are available to States and their aviation stakeholders seeking * Purchase new aircraft * Improve fuel efficiency = Optimise aircraft

to reduce CO; emissions from international aviation. Limited financial and technical * Improve fuel efficiency through of departure and maintenance (engine

resources represent a challenge for the implementation of these measures and make development or modification approach procedures washing and zonal drying)
* Introduce continuous climb  * Select aircraft best

ing a necessity. Marginal abatement cost (MAC) curves illustrate the relative * Replace engines
C0; emissions reductions among possible measures on a comparative cost basis.

and descent procedures suite d to the mission
* Install fixed electrical ground

Develop sustainable
aviation fuel (SAF) * Improve aircraft

* Improve pre-departure guidance on apron power and preconditioned
[ Eacn proposed CO; emissions mitigation & & planning (DMAN) and * Improve taxiing airto enable auxIIJ_arv
measure requires a specific investmant & =) arrival planning (AMAN) * Minimise weight . power unit switch Di_’f
to achieve CO; emissions reductions. & & * Improve collaborative * Minimise flaps Use cleaner alternative sources
9 = decision-making {A-CDM) (takeoff and landing) of power generation (for fixed
= Impi air traffic & Mini reverser use . electrical GPI._I and PCA)
in non-radar airspace * Reduce speed Construct taxiways

Similarly each proposed CO; emissions and speed exits
reduction measure has a limit in terms

of the maximum possible reductions.

MAC curves are a powerful decision-making tool. They were developed through ICAD's Transforming
the Global Aviation Sector: from joint e project
with the United Nations D Prog (UNDP), fi by the Global Facility
(GEF). ICAD is supporting developing States and SIDS in their efforts to reduce CO2emissions from

Marginal abatement cost (MAC) curves

are away to compare measuresona

common basis, comparing measures

interms of cost per tonne of CO;
reduced while

the total potential reductions.

Inlpmatmnalavlatmn, under the overarching ICAD initiative on States’ Action Plans on COz emissions
- The deli f the ICAO-UNDP-GEF project aim to increase the capacity

or States and their stotake ingfuland c action to address international

aviation environmental issues.

© ICAO 2019
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ICAO CO: Estimation and Reporting Tool CERT

® ICAD 2019
X RSI A‘ CO, Estimation & )
>33 Reporting Tool (CERT) =001

Step 2. CO, emissions estimation
Summary of assessment of applicability of CORSIA and eligibility to use the ICAO CORSIA CERT in 2020

Home

dromes of gin and destination) for all flights during the relevant time peri

ble clicking on the green cells bel
lar aircraft typ Import Input File
(.esv)

Estimate €O,
Emissions

5 summary assessme applicabil A use the 3. Generate Summary
Assessment

ICAO Aircraft Type Designator Origin  Destination

Number of o €O, Emissions Flight(s) subj ope
Flights T (into of Applicability of CORSIA

© ICAO 2019
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Description:

The ICAO CORSIA CERT is one of the five ICAO

CORSIA Implementation Elements and is reflected in the
ICAO document entitled "ICAO CORSIA CO, Estimation
and Reporting Tool", referenced in Annex 16, Volume IV.

-

The ICAO CORSIA CERT supports aeroplane operators
in fulfilling their monitoring and reporting requirements in
CORSIA by populating the standardized Emissions
Monitoring Plan and Emissions Report templates.

N\ J

26

CO, Estimation &

Version 2019
Reporting Tool (CERT) ersien

CHRSIA

y of of

S

Step 2. CO, emissions estimation
bility of CORSIA and eligibility to use the ICAO CORSIA CERT in 2020

ICAO Aircraft Type Designatar

Flight ID
tional)
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ICAQ’s environmental tools are available
free of charge from:
http://www.icao.int/env and APER website

i (CA0 -"'- @ S uniar

G 1 €0, Estimation & o
P — 8 CAQ Fuel Savings Estimation Tool ¥ CORSIARS ey wm €A H
fi— " b i b REEN MEETINGS
= . CALCULATOR
% ICAQ

Designed for .! Designed for
Wind
:g ?.:.I-'ntad;}?ws .‘l 7, 'l.l'nta )CDPWS

Designed for

Available on the .

App Store A . '{:‘F-'];nmdxupws

- Available on the Android
lﬁ‘l App Sii6l(=  *The special interface to the ICAO Carbon Emissions Calculator is available
| | through the APER portal.

Available on the
D App Store
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http://www.icao.int/env

For more information, please visit our website: http://www.icao.int/env
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Information

L,
i |Icr0

DESTINATION GREEN

Doc 9988

Guidance on the Development of States
Action Plans on COZ Emissions Reduction

INTERNATIONAL CIVIL AVIATION ORGANIZATION

© ICAO 2019



http://www.icao.int/environmental-protection/Documents/SUSTAF%20Review%5B2%5D.pdf

ENVIRONMENT

North American

Central American Western and European and Eastern and

and Caribbean South American IcA0 Central African North Atlantic Middle East Southern African Asia and Pacific Asia and Pacific
[NACC) Office [SAM] Office Headquarters [WACAF) Office [EUR/NAT] Office [MID) Office |ESAF] Office |APAC) Sub-office  [APAC) Office
Mexico City Lima Montréal Dakar Paris Cairo Nairobi Beijing Bangkek

THANK YOU
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