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ROLE OF ICAO CO2 EMISSIONS STANDARD FOR NEW AIRCRAFT
IN CIVIL AVIATION SUSTAINABLE DEVELOPMENT PROCESS

Dmytro Bugayko, Anton Borysiuk, Nadia Perederii, Natalia Sokolova, Danylo Bugayko. "Role of
ICAO CO2 emissions standard for new aircraft in civil aviation sustainable development process".
Achieving emissions reductions through technical standards is a fundamental element of ICAO’s basket of
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measures to address aviation emissions. The sector remains the last major transport mode without vehicle
emission standards, so the intensive CAEP work over the past years was an important opportunity for ICAO to
deliver on its stated climate goals. The development of an aeroplane CO2 Standard was one recommended
element within the ICAO Programme of Action on International Aviation and Climate Change, which was
subsequently endorsed by the ICAO High-level Meeting of Member States. Following the agreement of a draft
Annex 16 Volume lll certification requirement1 at CAEP/9, the CAEP/10 work programme for WG3 included work
items E.05 on an aeroplane CO2 emissions Standard and E.06 on interdependencies (Appendix A). These items
were allocated to the CO2Task Group (CO2TG). The 36-State ICAO Council has adopted a new aircraft CO2
emissions standard which will reduce the impact of aviation greenhouse gas emissions on the global climate.
Contained in a new Volume lll to Annex 16 of the Chicago Convention (Environmental Protection), the aircraft
CO2 emissions measure represents the world’s first global design certification standard governing CO2
emissions for any industry sector. The Standard will apply to new aircraft type designs from 2020, and to aircraft
type designs already in-production as of 2023. Those in-production aircraft which by 2028 do not meet the
standard will no longer be able to be produced unless their designs are sufficiently modified.

Keywords: air transport, emissions, regulation, standard, civil aviation sustainable development.

Amumpo byzaaiiko, AHmoH bopuciok, Hadisa epedepiti, Hamania Cokonoea, [lanuno byaaiiko.
«Pone Cmanoapmy IKAO wjo0o eukudie CO2 Oona Hosux Jslimakie y npoueci cmanoz2o po3sumky
yueinoHoi asiayii». [JocAzHeHHA CKOpOYeHHA 8UKUOI8 3a 0ONOMO20K0 MexHIYHUX CmaHoapmis €
yHOameHmanovHUM enemeHmom 3axodie ICAO wo0o supiweHHs Npobrem He2amueHoz20 eK0J1I02i4HO20
ennusy asiayii. Leld HanpamMoKk 3anUWAEMbCA 20/108HUM dACNeKMoM, AKUul nompebye 8idnosioHux
cmaHoapmis. Tomy iHmexcusHa po6oma CAEP npoms2om oCmaxHix pokie cmana 8aJiusor MOXusicmio
011 IKAO docaemu 3aseneHux knimamuyHux yinet. Posapobka cmaHoapmy CO2 ona nimakie 6yna oOHUM i3
pekomeHOosaHux enemerHmis [pozpamu 0iti ICAO wjo00 mixxHapoOHoi agiayii ma 3miHu Knimamy, AKa 32000mM
6yna cxeanerna Hapadoro Oepxkas-ysneris 8ucokozo pisHsa ICAO. [licna no2odxeHHA npoekmy [Jooamky 16 6yu
susHauyeHi Bumoza cepmucdpikauii Toma Ill1 Ha CAEP/9. Po6oua npoepama CAEP/10 ona WG3 eknouana poboui
nyHkmu E.05 wodo cmaHdapmy sukudie nimakamu CO2 ma E.06 wo0o s83aemo3anexxHocmeli (Jodamok A).
Ui nynkmu 6ynu po3nodineHi 0o pobouyoi epynu CO2 (CO2TG). Pada ICAO 3 36 kpaiH npuliHana Hosul
cmaHdoapm esukuodie CO2 gi0 nimakis, AKUl 3MeHWUMb 8NU8 asiayiliHux 8UKUOi8 NAPHUKOBUX 243i8 HA
2nobaneHul knimam. IHghopmauis micmumecs y Hosomy Tomi Il 0o Jodamky 16 Yukasekoi koHeeHUiT (3axucm
HABKOJ/IUWHbLO20 cepedosulld), NpUCBAYEHO20 8UMIpIo8aHHI0 8ukudie CO2 0na nimacis. BiH € nepwum y caimi
2nobaneHUM cmaHdapmom cepmudpikayii npoekmis, wo pezyawe sukuou CO2 0na 6yOb-skoi 2asnysi
npomucsiogocmi. CmaHoapm 3acmocosyemaucs 00 HOBUX KOHCMPYKUili munia nogimpsaHux cyoeH 3 2020 poky
ma 0o KOHCMpYKUiti munis nimackis, Aki exe nepebysarome y 8upobHUYMBsi, noduHao4u 3 2023 poky. Ti cepilHi
nimaku, aki 00 2028 poky He gidnogidamumyme cmaHoapmy, 6inblie He 3MOXymb 8UPO6SIAMUCH, AKUWO IXHi
KOHCMPpYKUii He 6ydyme nepepobrieHi ma 00cmamHbo MOOUPIKOBAHI.

Knioyoei cnoea: noBiTpAHWIA TPaHCNOPT, BUKUAW, PErynioBaHHA, CTaHAApPT, CTaJuil PO3BUTOK
UMBINbHOT aBiau,il.

Amumpuii byzaiiko, Aumon bopuciok, Hadexa [lepedeputi, Hamanes Cokonoea, [aHuun
byaaiiko. «Pone Cmandapma UKAO no evi6pocam CO2 0nsa HOBbIX camMosiemos 6 npouecce
ycmoliyueoz2o passeumus 2pax0aHckoll asuayuu». JJocmuxeHue COKpaujeHUs 8blbpocos ¢ NOMOWbIO
mexHU4YecKux cmaHodapmos A8asaemca (pyHOameHmMansHelM 3nemeHmom mep ICAO no peweHuto npobnem
HE2amugHO20 3KO0J/I02UHeCK020 B/IUAHUA dsuayuu. 3mo HAanpassaeHue ocmaemcs 2/1d8HbIM dCNeKmMom,
mpebylowum coomeemcmayrowux cmaHoapmos. [loasmomy uHmeHcugHaa paboma CAEP 8 nocniedHue 2006l
cmana eaxHol 803MOXHOCMbI0 019 MIKAO docmuub 3ase/ieHHbIX Knumamudeckux yesel. Paspabomka
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cmaHoapma CO2 0519 camonemos 6bisid 00HUM U3 peKoMeHOOBAHHbIX 3/1eMeHmos [pozpammesl deticmeaudi
ICAO no mexdyHapoOHoU asuayuu U U3MeHeHUto Ki1umamd, gnociedcmauu odobpeHHol CosewaHuem
2ocydapcme-uneHo8 8bicokozo yposHsa ICAO. [locne coenacoeaHus npoekma [lpunoxeHus 16 6biiu
onpedesneHsl mpebosaHua no cepmugukayuu Toma Il Ha CAEP/9. Pabouas npoepamma CAEP/10 ona WG3
ekmodana paboyue nyHkmel E.O5 no cmandapmy 8wibpocos camonemamu CO2 u E.06 no
e3aumosasucumocmsam ([punoxerue A). Imu nyHKkmel 6bi1u pacnpedeneHsi 8 paboyyio 2pynny CO2 (CO2TG,).
Cosem ICAO u3 36 cmpaH npuHsAn Hosblli cmaHoapm ewvlbpocos camonemamu CO2, komopelli cCHU3UM
8/1UAHUE a8UAYUOHHbIX 8bI6POCO8 NAPHUKOBbIX 2308 HA 2/106a/16HbIU Kumam. VIHghopmauus cooepxumcs 8
Hogom mowme Il k [MpunoxeHuro 16 Yukazckol KoHeeHYUU (3awuma okpyxaroujeli cpedsbl), NOCBAUEHHO20
usmepeHuto 8bibpocos CO2 0na camonemos. OHa A8/19emcsA nepsbiM 8 Mupe 27106a/1bHbIM CMAHOAaPMom
cepmudgpukayuu npoekmos, pezynupyroujum selbpocsi CO2 0na nwobol ompaciu npomelaeHHOCMuU.
CmaHoapm npumMeHAemca K HO8bIM KOHCMPYKYUAM Munos 8030y WHbIX cy008 ¢ 2020 2000 U K KOHCMPYKUUAM
Muno8 camosiemos, yxe Haxo0AWUXCca 8 npouzsoocmae, Ha4yuHas ¢ 2023 200a. Te cepuliHbie camonemel,
komopele 0o 2028 z00a He 6ydym coomeemcmeosame cmaHoapmy, 6osewe He cMo2ym npou3sooums(cs,

ecsIu UX KOHCMpYKyuu He 6y0ym nepepabomaxsl U MOOUGUYUPOBAHHI.

Knrouesbie crosa: Bo3aylLHbIA TPAHCMOPT, BbIOPOCHI, perynupoBaHne, CTaHAapT, YCTOWYMBOe

pa3ssuTne rpamnaHCKon aBunayun.

Introduction. The development of world
civil aviation is accompanied by continuous
technological progress and requires constant
improvement in the field of control and
reduction of the negative impact of CO2
emissions. Achieving emissions reductions
through technical standards is a fundamental
element of ICAO’s basket of measures to
address aviation emissions. The sector
remains the last major transport mode
without vehicle emission standards, so the
intensive CAEP work over the past years was
an important opportunity for ICAO to deliver
on its stated climate goals. The article is a
logical continuation of a number of
publications devoted to the development of
air transport sustainable development of
Ukrainian scientists D. Bugayko [1 - 8], Y.
Kharazishvili [1, 2,4, 7], M. Hryhorak [2 - 3], Y.
lerkovska [5 - 6], O. Ovdiienko [3], V. Marchuk
[3], V Lyashenko[4], V Sokolovskiy [4], V
Baranov[4], Mariia Bahrii [6], Polish scientists
(Z. Zamiar [2,7]), Azerbaijan Scientists F. Aliev
[6], and scientists of other countries.

The purpose of the article is to provide
structural analysis of CO2 emissions standard
for new aircraft in civil aviation sustainable
development process.

Presentation of the main results.
Global challenges of climate change.

The problem of climate change is one of
the most serious modern challenges of
mankind. In September 2015, world leaders
gathered at the United Nations (UN) and
adopted the 2030 Agenda for Sustainable
Development. It is an action plan aimed at
achieving global sustainable development in
economic, social and  environmental
directions, which ensures that no UN member
country is left behind. The 17 sustainable
development goals in the 2030 agenda can be
used as guidelines for the coordinated
development of UN member countries.

Sustainable development goal 13.
Climate change. Urgent action to combat
climate change and itsimpactsis a key priority
for every responsible citizen or organization
today. Therefore, the global ecological
situation is actually getting out of control [9].

According to the latest figures from the
Intergovernmental Panel on Climate Change,
international and domestic aviation activities
account for approximately 2% of global CO2
emissions. At the same time, the percentage
of international aviation is approximately 1.3
percent of global CO2 emissions [3].
Therefore, the environmental component is a
priority for the development of world civil
aviation, which is constantly improving its
actions in the following areas: combating
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climate change (CORSIA), aviation noise and
emissions of CO2, NOx.., environmental
technologies and operation, ecological
aviation fuel, and others. One of the effective
tools for countering the trend on the part of
civil aviation is the implementation of the new
CO2 standard for aircraft.

New CO2 standard for aircraft.

Subsonic jet aeroplanes, including their
derived versions, of greater than 5 700 kg
maximum take-off mass for which the
application for a type certificate was
submitted on or after 1 January 2020, except
for those aeroplanes of less than or equal to
60 000 kg maximum take-off mass with a
maximum passenger seating capacity of 19
seats or less;

Subsonic jet aeroplanes, including their
derived versions, of greater than 5 700 kg and
less than or equal to 60 000 kg maximum take-
off mass with a maximum passenger seating
capacity of 19 seats or less, for which the
application for a type certificate was
submitted on or after 1 January 2023;

All propeller-driven aeroplanes, including
their derived versions, of greater than 8 618
kg maximum take-off mass, for which the
application for a type certificate was
submitted on or after 1 January 2020;

Derived versions of non-CO2-certified
subsonic jet aeroplanes of greater than 5 700
kg maximum certificated take-off mass for
which the application for certification of the
change in type design was submitted on or
after 1 January 2023;

Derived versions of non-CO2 certified
propeller-driven aeroplanes of greater than 8
618 kg maximum certificated takeoff mass for
which the application for certification of the
change in type design was submitted on or
after 1 January 2023;

Individual non-CO2-certified subsonic jet
aeroplanes of greater than 5 700 kg maximum
certificated take-off mass for which a
certificate of airworthiness was first issued on
or after 1 January 2028; and

Individual non-CO2-certified propeller-
driven aeroplanes of greater than 8 618 kg

6-14
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maximum certificated take-off mass for which
a certificate of airworthiness was first issued
on or after 1 January 2028 [10, 11].

The CO2 standard for aircraft — key points

Reduces aircraft CO2 emissions by
encouraging the integration of fuel efficient
technologies into aircraft design and
development.

Ensures that older aircraft models end
production in an appropriate timeframe or
that manufacturers invest in technology to
improve their efficiency.

The standard also ensures that new
designs go beyond the highest fuel efficiency
of today’s aircraft. Is a challenging and robust
standard that brings CO2 emissions into the
formal certification process that new aircraft
need to pass in order to enter service.

Is a significant milestone for the sector:
the first such standard for aircraft and is key to
the sector’s long-term commitment to reduce
CO2 emissions from aviation.

Is part of a basket of measures to deal
with industry’s climate impact which include
improved operations, sustainable alternative
fuels, better use of infrastructure and new
technology (which the CO2 Standard will
support).

Is complementary to an agreement in
September/October this year on a global
market-based measure to cap the growth in
aviation CO2 emissions from 2020 and meet
the industry’s mid-term goal.

Was developed by the ICAO Committee
on Aviation Environmental Protection (CAEP)
over a six-year period through 26 meetings
and some 700 papers and pieces of analysis
by 170 aviation experts from governments,
industry and environmental groups [10].

CO2 differs fundamentally from ICAQ's
noise and NOx standards because fuel
efficiency has always been a major aircraft
design parameter whereas noise and (to a
large extent) engine emissions abatement
measures, are not in themselves inherent to
building aircraft — at least until regulation was
introduced. While those measures simply add
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costs, every fuel efficiency improving
technology has both costs and savings [12].

Fuel efficiency is central to aviation’s
business and sustainable growth strategy —
as evidenced by the huge gains in fuel
efficiency over the decades. The formalization
of a CO2 Standard for aircraft is an important
part of the sector’s overall basket of measures
for climate action and is complementary to
the significant work already underway in the
sector: new aircraft and alternative fuels
technology; optimizing operational
procedures; and improved infrastructure.

The Standard will ensure that all newly-
developed aircraft and engines incorporate
the latest commercially-available proven
technologies, mindful that no single
technology can be applied across the entire
range of new aircraft and engine models from
small regional and business aircraft to the
very large capacity long-range commercial
aircraft.

The CO2 emissions of aircraft become
part of the certification process, alongside
safety compliance and noise measures,
among other elements.

The establishment of the first global CO2
standard will allow monitoring and progress
in the future towards achieving CO2
emissions reductions in line with research and
development targets and technical feasibility.

How does the CO2 standard work?

The CO2 Standard focuses on cruise flight
performance because the cruise portion of a
flight is typically when the most fuel is
consumed and the majority of CO2 is emitted.

It takes account of the ‘transport
capability’ of the aircraft — i.e. what is
transported and how far it is transported.
These two elements, the payload and the
range, are essential in the design of any
aircraft. For each aircraft type, depending on
its size and weight, the CO2 Standard defines
a maximum metric value (fuel burn per flight
kilometre) that may not be exceeded.

6-14
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For each aircraft type, depending on its
size and weight, the CO2 Standard defines a
maximum metric value (fuel burn per flight
kilometre) that may not be exceeded.

CO2 metric system to measure the
aeroplane fuel burn

The intent of this CO2 metric system is to
equitably reward advances in aeroplane
technologies (e.g. propulsion, aerodynamics
and structures) that contribute to reductions
in aeroplane CO2 emissions, and differentiate
between  aeroplanes  with  different
generations of these technologies. As well as
accommodating the full range of
technologies and designs which
manufacturers can employ to reduce CO2
emissions, the CO2 metric system has been
designed to be common across different
aeroplane categories, regardless of aeroplane
purpose or capability. An overview of the CO2
Metric System can be found in Figure 1 [13].

To establish the fuel efficiency of the
aeroplane, the CO2 metric system uses
multiple test points to represent the fuel burn
performance of an aeroplane type during the
cruise phase of flight. Specifically, there are
three averaged (i.e. equally weighted) points
representing aeroplane high, middle and low
gross masses, which are calculated as a
function of Maximum Take-Off Mass (MTOM).
Each of these represents an aeroplane cruise
gross mass seen regularly in service. The
objective of using three gross mass cruise
points is to make the evaluation of fuel burn
performance more relevant to day-to-day
aeroplane operations. The metric system is
based on the inverse of Specific Air Range (i.e.
1/SAR), where SAR represents the distance an
aeroplane travels in the cruise flight phase per
unit of fuel consumed. In some aeroplane
designs, there are instances where changes in
aeroplane size may not reflect changes in
aeroplane weight, for example when an
aeroplane is a stretched version of an existing
aeroplane design [13].
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(1/SAR) /| RGF-24

MTOM

Specific Air Range
(1/SAR)

Specific Air Range is the distance
an aeroplane travels in the cruise
flight phase per unit of fuel
consumed.

Reference Geometry
Factor (RGF)

Reference Geometric Factor is an
adjustment factor based on a
measurement of aE‘T'ODlFIﬂE'
fuselage size derived from a two
dimensional projection of the
fuselage.

Aeroplane Maximum
Take-Off Mass (MTOM)

Maximum Take-Off Mass is the
highest of all take-off masses for
the type design configuration.

Figure 1 - An overview of the CO2 Metric System [7].
Source: 2016 Environmental Report - Aviation And Environment/ the CAEP/10 recommendation on a
new ICAO AEROPLANE CO2 EMISSIONS STANDARD by Stephen Arrowsmith (European Aviation Safety Agency)
and Laszlo Windhoffer (US Federalaviation Administration) ICAO, 2016 - P.112 — 114 [13].

To better account for such instances, not
to mention the wide variety of aeroplane
types and the technologies they employ, an
adjustment factor was used to represent
aeroplane size. This is defined as the
Reference Geometric Factor (RGF), and it is a
measure of aeroplane cabin size based on a
two-dimensional projection of the cabin. This
improved the performance of the CO2 metric
system, making it fairer and better able to
account for different aeroplane type designs.

The overall capabilities of the aeroplane
design are represented in the CO2 metric
system by the certified MTOM. This accounts
for the majority of aeroplane design features
which allow it to meet market demand. Based
on the CO2 metric system, CAEP developed
procedures for the certification requirement
including, inter alia, the flight test and
measurement conditions; the measurement
of SAR; corrections to reference conditions;
and the definition of the RGF used in the CO2
emissions metric. CAEP utilized
manufacturers’  existing  practices in
measuring aeroplane fuel burn in order to
understand how current practices could be
used and built upon for the new Standard
[13].

Setting the regulatory limit

ICAO environmental Standards are
designed to be environmentally effective,
technically feasible, economically reasonable,
while considering environmental
interdependencies.

This involved defining an analytical space
within which CAEP would work to investigate
the options available. This included the
development of options for the regulatory
limit line, applicability options and dates, and
all the associated assumptions which allowed
the CAEP working groups to perform the cost
- effectiveness analysis required to make an
informed decision on the Standard at the
CAEP/10 meeting. The foundation of the
CAEP/10 recommendation on the CO2
emissions Standard was supported by this
significant data informed process, involving
input from ICAO member states and
stakeholders.

The modeling exercise involved several
analytical tools, including fleet evolution
modeling, environmental benefits, recurring
costs, non-recurring costs, costs per metric
tonne of CO2 avoided, certification costs,
applicability scenarios and various sensitivity
studies to inform the decision-making
process. This work allowed CAEP to conduct
an analysis, with the aim of providing a
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reasonable assessment of the economic costs
and environmental benefits for a potential,
CO2 standard in comparison with a “no
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action” baseline [13]. The CO2 Standard
regulatory limits can be found in Figure 2.
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Figure 2 - The CO2 Standard regulatory limits
Source: ICAO’S CO2 standard for new aircraft, ICAO, 2017 [10].

Choices considered during the co2
standard work

— Ten Regulatory Limit Lines;

— Treatment of aeroplanes above and
below 60 tonnes;

— New Type
applicability;

—  Production cut-off; and

— Applicability dates of 2020, 2023,
2025 and 2028.

Conclusions. Each new generation of
aircraft is roughly 15-20% more efficient than
the model it replaces. The CO2 Standard
mandates that these improvements continue.

However, the continuous development
of new aircraft and engine technology,
underpinned by the CO2 Standard, is only one
part of overall aircraft efficiency
improvements.

The aviation industry approach focuses
on four pillars of climate action: reducing fuel
use (and CO2 emissions) through new
technology and alternative fuels; better
operations of existing aircraft; and
improvements in infrastructure. For all
emissions that cannot be reduced through
these pillars, a global market-based measure

and In-Production

will be used to offset the remaining emissions
in order to meet the targets set by the
industry. The CO2 Standard will be reviewed
as part of the regular cycle of ICAQO’s
Committee on Aviation Environmental
Protection (CAEP) [14].

At the same time, without diminishing
the great importance of the introduction of
this standard for the greening of global
aviation transport, it is advisable to make
some polemical remarks. From the point of
view of the authors, its implementation will
lead to further globalization of the aviation
industry. Under such conditions, the most
innovative manufacturers of aircraft and
aircraft engines virtually monopolize the
global aviation sales market. Under such
conditions, other aviation equipment
enterprises, in particular the Ukrainian
enterprises «Antonov» and «Motor Sich»,
need to use proactive risk management
procedures and plan mandatory changes in
the design of aviation equipment. This will
allow them to maintain a segment in the
market and contribute to the greening of the
industry.
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The use of the CO2 Standard is a robust of the industry's work allows it to be a

evolution of the sustainability toolkit for necessary component to achieve the United

global, regional and national air transport. Nations Sustainable Development Strategic
Regulation of the environmental component Goals.
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