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Abstract

In attempting to increase the environmental awareness in the aviation sector and to
eliminate the green washing phenomenon, an investigation was done into the
development and definition of an ecolabel for aircraft. Based on life cycle assessment it
was found that aviation affects the environment most with the impact categories resource
depletion and global warming (both due to fuel consumption), local air pollution (due to the
nitrogen oxide emissions in the vicinity of airports) and noise pollution. For each impact
category a calculation method was developed based solely on official, certified and
publicly available data to meet the stated requirements of the ISO standards about
environmental labeling. To ensure that every parameter is evaluated independent on
aircraft size, which allows comparison between different aircraft, normalizing factors such
as number of seats, rated thrust and noise level limits are used. Additionally, a travel class
weighting factor is derived in order to account for the space occupied per seat in first
class, business class and economy class. To finalize the ecolabel, the overall
environmental impact is determined by weighting the contribution of each impact
category. For each category a rating scale from A to G is developed to compare the
performance of the aircraft with that of others. The harmonization of the scientific and
environmental information, presented in an easy understandable label, enables the
traveling customers to make a well informed and educated choice when booking a flight,
selecting among airline offers with different types of aircraft and seating arrangements.
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Idea / Goal & ...

® The travelling public should make an informed choice when selecting a flight

o Price

— ticket price (basic fare, baggage, seat selection, ..., payment fees)
o Time

— useful time & wasted time
o Comfort

— travel class (=> seat pitch, seat width, ...)
— number of transfers

o Environmental footprint => ECOIabel fOI' Aircraft
(simplified Life Cycle Assessment, LCA)

— Resource depletion (fuel burn)

— Global warming (fuel burn)

— Local air quality (NOx)
+ Ozone formation potential (NMVOC: NOx, SO2, CO, HC)
+ Particulate matter formation (PM: NOx, PM)

— Noise
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... the Ecolabel for Aircraft m

Aeroflot A320
Information: airline, aircraft, number of seats, engine Seats: 140 CFM56-5B4/P

® Overall Rating (average rating on airline level)
o Metric scaled between 0 and 1 (90% of aircraft)

D
D
o category: Ato G

® Fuel consumption g > a
(from manufacturer's payload & range diagram)
0 resource depletion: CvErALL RATING —
fuel per seat-km (kg/km) & Ato G ’
o global warming (depending on altitude): m Z‘;ﬁ,‘summ.\.\ ;mwmf*““\
CO2-equivalent per seat-km (kg/km) & A to G I"‘”ﬂ:‘:”p o G
® [ocal air quality (ICAO LTO cycle) o R wvoc st snes
o NOx(g/kN) & Ato G e A e
o NMVOC (g/kN) — for information only " @) 20 e\
o PM-equivalent (g/kN) — for information only - N Ly rersearterion
® Noise (from NoisedB database: ICAO & DGAC) et ell | B -
® Rating according to passenger travel class R C Business S G |
. PACEINER V)
Dieter Scholz German Aerospace Congress 07.09.2017, Page 5 -

An Ecolabel for Aircraft Munich, 05.-07.09.2017 Aircraft Design and Systems Group (AERO)



Hochschule fiir Angewandte
Wissenschaften Hamburg

—
—
—
— Hamburg University of Applied Sciences

Background

® My presentation at the German Aerospace Conference 2012*:
o Eco-efficiency: Create more with less waste and pollution.
o Aviation growth does not (and will never) be met by aviation's efficiency gain!
o Jevson's Paradox: "Fuel Can Not Be Saved from Efficiency Increase!"
o ACARE goals (fuel burn reduction, NOx, ...)

— are unrealistic and will not be met

— this without any consequences (see "Vision 2020")
o |IATA /ATAG goal: "carbon-neutral growth from 2020"

— would need massive & effective compensation scheme. CORSIA?

— Why 2020 and not today?
o CO2is not the (major) problem. The major problem is water!
o lItis already too late to safe the world. We need resilience!

— Do not bother about aviation, rather increase height of the dikes (Hamburg)

> Eco-efficiencys £,
at every step of Lhe _ftraft Ilfe!cycle

*
http://www.fzt.haw-hamburg.de/pers/Scholz/Airport2030/Airport2030_PRE_DLRK_2012_EcoEfficiencyOffCourse_2012-09-10.pdf
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Background

® My presentation at the German Aerospace Conference 2012 (DLRK 2012):
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Eco-efficiency: Create more with less waste and pollution

Aviation growth does not (and will never) be— = cy gain!
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Background

® My presentation at the German Aerospace Conference 2012 (DLRK 2012):
o Eco-efficiency: Create more with less waste and pollution.
o Aviation growth does not (and will never) be met by aviation's efficiency gain!
o Jevson's Paradox: "Fuel Can Not Be Saved from Efficiency Increase!"
o ACARE goals (fuel burn reduction, NOx, ...)

— are unrealistic and will not be met

— this without any consequences (see "Vision 2020")
o |ATA /ATAG goal: "carbon-neutral growth from 2020"

— would need massive & effective compensation scheme. CORSIA?

— Why 2020 and not today?
o CO2is not the (major) problem. The major problem is water!
o lItis already too late to safe the world. We need resilience!

— Do not bother about aviation, rather increase height of the dikes (Hamburg)
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Background

® Let's get priorities right to protect the environment:
1. Avoid to travel (do something else instead)

2. For each trip select the best mode of transportation (aircraft, train, bus?)
3. Select the shortest route
4. Select the best vehicle/airline (get info from the Ecolable for the Aircraft)
5. Make sure the vehicle is full and you select an economy seat, unless ...
6. Compensate (... or maybe just do not compensate, if you do not like the idea)
think » go climate conscious
atmosfair
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Flybe Bombardier Q400
Background o e flybe,

Noise Rating

® Flybe's Ecolable (2007):
o Label not used anymore by Flybe m
o Never used by other airlines (as intended) '

o Detail design shows many deficiencies.
O &

Take off & Landing CO2 Emissions A (817kq)

Take off & Landing CO2 Emissions (per seat) 10.5kq
Take off & Landing Local Air Quality’ 2kg

Journey Environment

Total Aircraft Fual Domestic (S00km) A (1044kg)
Consumption By Near EU (1000km) A (1896kq)
Journey Length Short Haul (1500km) A (2760kg)
COz Emissions Domestic (500km)
Per Seat By Near EU (1000km)
Journey Length = gpot Haul (1500km)
Passenger Environment
ﬁx’ Minimum Leg Room 30"
xﬁhﬁ Number Of Seats 78

| Emissions of Nitrogen Oxides as an indicator of the effects on local air quality

Dieter Scholz German Aerospace Congress 07.09.2017, Page 12 Eﬁ)—
An Ecolabel for Aircraft Munich, 05.-07.09.2017 Aircraft Design and Systems Group (AERO) &

2ro



Hochschule fiir Angewandte
Wissenschaften Hamburg

Hamburg University of Applied Sciences

Background

® Labelling of Tyres (2009):
o "Regulation (EC) No 1222/2009
on the labelling of tyres" *
o An example to learn from

“ 1222/2009 - C1

*
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009R1222
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Background

® Other schemes

1. ICAO Emission Calculator < CO2

http://www.icao.int/env

2. Atmosfair Emission Calculator [l ains
atmosfair >~

N’
3. Atmosfair Airline Index

( ¥ The atmosfair emissions calculator

http://www.atmosfair.de
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Background
® [SO 14020 Series: Environmental labels and declarations

ISO 14020:2000 Environmental labels and declarations —

General principles
ISO 14021:2016 Environmental labels and declarations —

Self-declared environmental claims (Type Il environmental labelling)
ISO 14024:1999 Environmental labels and declarations —

Type | environmental labelling -- Principles and procedures
ISO 14025:2006 Environmental labels and declarations —

Type lll environmental declarations -- Principles and procedures
ISO/TS 14027:2017 Environmental labels and declarations —

Development of product category rules

Type |l Used for the travelling public => Ecolabel for Aircraft
Type Il Used for the experts => Full Report for Experts

http://www.iso.org

Dieter Scholz German Aerospace Congress 07.09.2017, Page 15 -
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Background
® [SO 14025 (Type lll) for Experts => Full Report

The label has to be voluntary

The label has to be life cycle based

The label has to be verifiable

The label has to be open for interested parties
The label has to be transparent

The label has to be flexible

The label allows comparing different offers
The label can be calculated by anyone

O OO OO o0 o o

® [SO 14021 (Type ll) for the Travelling Public => Ecolabel derived from Report

Dieter Scholz German Aerospace Congress 07.09.2017, Page 16 -
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Background

® [CAO-Regulations

ICAO Annex 16 - Volume 1: Environmental Protection — Environmental
Protection

Aircraft Noise

http://cockpitdata.com/Software/ICAO Annex 16 Volume 1

ICAO Annex 16 - Volume 2: Aircraft Engine Emissions —
Aircraft Engine Emissions

http://cockpitdata.com/Software/ICAO Annex 16 Volume 2

International Civil Aviation Organization

ICAO Annex 16 - Volume 3: Aircraft Engine Emissions —
CO2 Certification Requirement

http://www.fzt.haw-hamburg.de/pers/Scholz/materialFM1/ICAO-2017_Annex16_Volume3_CO2CertificationRequirement.pdf
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Life Cycle Assessment (LCA)

ISO 14040:2006
Environmental Management -- Life Cycle Assessment

v-l-._g Dr. Hut

National Institute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

http://www.Icia-recipe.net NL

ReCiPe

ReCiPe is a method for the impact assessment in a Life Cycle Assessment
LCA. LCA translates emissions and resource extractions into a limited number of
environmental impact scores by means of so-called characterization factors.
There are two ways to derive characterization factors, i.e. at midpoint level
and at endpoint level. ReCiPe calculates:

® 18 Midpoint Indicators

) ® 3 Endpoint Indicators

Johanning (2017): ® 1 Single Score

Life Cycle Assessment
in Aircraft Design

http://www.fzt.haw-hamburg.de/pers/Scholz/Airport2030/JOHANNING_DISS_Methodik_zur_Oekobilanzierung_im_Flugzeugvorentwurf_2017.pdf

=
e
e
E
=
-
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g:. Damage Eru:lpaht area 9

; Midpeint impact category 4

Particulate matter

Trop. ozone formation (hum)

lonizing radiation

Increase in

respiratary
disease

pathways / /

ReCiPe

Stratos. ozone depleation

Human toxicity {cancer)

Human toxicity (non-cancer)

Global warming

Water use

Freshw ater ecotoxicity

Increase in
various types of
cancer

Increase in other
diseases/causes

Increase in
malnutrition

Freshw ater eutr ophication

Damage to
freshwater

species

Trop. ozone (eco)

Tearrestrial ecotoxicity

Terrestrial acidification

Damage to

health

It was added to
the basic Method:

1.) by Johanning:
Altitude Dependency

Damage to
terrestrial
species

Land useitransformation

Damage to
marine species

Marine ecotoxicity

I Mineral resources

Increased
extraction costs

a | Fossil resources

)
g

Oillgas/coal
energy cost

Damage to
Boosystems

Damage to
¥ resolurce
availability

2.) here:
Noice
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Life Cycle Assessment (LCA)

ReCiPe — Result (A320): Ecolabel for Aircraft

Johanning (2017)

Overall Rating:

Roverall — O‘4Rwarmhg

+ O'2Rdepleti0n
+ O‘2RlocalAir
+0.2R . .

® Decrease of resource depletion

® Climate Change

» Formation of Particular Matter

Dieter Scholz German Aerospace Congress 07.09.2017, Page 20 _:E -
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Fuel Consumption

Table 1: Summary of candidate metrics

Full Mission Metrics

Single
Block Fuel
parameter e

metric Range

Two-
Block Fuel Block Fuel Block Fuel Block Fuel Block Fuel
parameter
metric Payload * Range | Useful Load*R | MTOW*Range | FloorArea*R Av. Seats * R
Block Fuel Block Fuel Block Fuel Block Fuel Block Fuel
Three- Payload * Useful Load * MTOW * R. Floor Av. Seats * R.
parameter R.*Speed R.*Speed “Speed Area*R.*Speed *Speed
metric Block Fuel Block Fuel Block Fuel Block Fuel Block Fuel
Payload * Useful Py Floor Av. Seats *
R.Time Load'R./Time | MTOW RITime | 4/ 2'R Mime R./Time

Instantaneous Performance Metrics

Single
parameter . }
medric
Two-parameter 1
metric e SAR * Useful A ——— SAR * Floor P
SAR * MTOW SAR * Av. Seats
SAR * Payload Load Area v
Three- 1 1 ’ 1 1
i SAR * Useful SAR * MTOW SAR*FI SAR* Av. 8
0 . . * Usi * * Floor * Av. Seats
metric SAR ° Payload Load * Speed “Speed Area* Speed * Speed
Speed

Mote: R = Range

http://partner.mit.edu/projects/metrics-aviation-co2-standard

> PARTNER

Parcnership for Air Transportation

Moise and Emissions Reduction

Selecting a Fuel Metric:

1/(SAR - n__,)

<€
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Fuel Consumption

SAR = dR _ VTA.S’
measured dm ~ Cyross
dR V-E
calculated sap = M _
dm «c-g

Here taken from:

Payload-Range-Diagram available from: "Documents for Airport Planning”

'y See: http://links.ProfScholz.de
m) dR
SAR = ——
dm
Payload
2 1
SAR =
my —myp
Ri Rz
Range
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Global airliner fleet by type and operator

Turkish Airiines 3 | DrukAir 3 | DartAifines 1
Africa Total 3 Etihad Ainways 2 | Easylkt 133
Egyptair (600) 2 Air Transat 9 Lucky Air 3 Easy.Jet Switzerand 11
Egyptair (B) 1 FedEx 8 Mihin Lanka 1 Ellinair 2

Myanmar Airways International 3 Finnair 9
Air Hong Kong (600) 10 R Airlines 1 Germania 8
Global Charter Services (B) 4 Air France 18 Rotana Jet 1 Germania Flug 2
Iran Air (600} 4 Brtish Airvays 2 Royal Jordanian 4 Germanwings 43
Iran Air (B) 4 TAROM 4 Safi Aireays 2 Hamburg International 2)
Mahan Air (600} 14 Saudia 4 | Helvetic Aiways 1
Mahan Air (B) 1 Avianca 10 Shenzhen Airlinas 5 Iberia 16
Meraj Air (600) 2 Avianca Brazil 9 Sichuan Airlines 23 Lufthansa 30
Qeshm Airlines (600) 4 SilkAir 4 Niki 5
Silk Road Cargo Business (600} 1 Tibet Airlines 14 | Rossiya 26
Unique Air (600) 2 Afrigiyah Alrways 2 Tigerair 2 S7 Airlines 20
1 ni_trar Aidinae (RO 2 Air Ate A'lanirs A Wiact Air (™ hina) A g A

147

different aircraft types and

26000 aircraft in database

https://www.flightglobal.com/asset/12798

Dieter Scholz
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100%
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80% S
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40%

30%

20%

Percentage of Passenger Aircraft in Service

10%

0%
a 10 20 30 40 50 60 70

B0 50 100 110 120 130 140 150

MNumber of Passenger Aircraft Types

a=0.748
b =-0.0480
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Some of the most
operated 49 types
where selected to
describe 90% of all
passenger aircraft
(nseat > 14)

49
payload-range
diagrams
evaluated

Method to quickly
determine cruise
altitude from basic
data

Dieter Scholz
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Fuel Consumption

700

y=6,56015E-01x + 2,37971E+01
E00 R*=9,61218E-01

500

400 L

300

200

typical number of seats (-)

=
=
=]

H 100 200 300 400 500 &00 700 800 SO0

max number of seats (-)
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Fuel Consumption

0,06
y=-1702E-05x+ 2 577E-02

0,05 - .
—_ R*=1004E-01
E .
_—
=
+ 0,04
w >
=
j=1
E 0,03 =
= L
= ... $ s
a i L J '." . [ | ]
= e = *-.... 0 ™ .
o 0,02 . ® .
5] - F b . |
T * & ® & | T,
= * .
=
B 0,01
£
=
Lol
o

0,00

0 100 200 300 400 500 BOD
Standard number of seats (-]
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Spezifischer Treibstoffverbrauch Passagierbeférderung 2010

Durchschnitilicher spezifischer
Treibstoffverbrauch in 11100 pkm
(Kreismitte) sowie die Anteile
der verschiedenen Verkehrs-
gebiete (Kreissegmente) am
gesamten Passagiertreibstoffver-
brauch der aktiven Flotte 2010

Definition der Verkehrsgebiete:
Langstrecke  Gber 3.000 km
Mittelstrecke 800 bis 3.000 km
Kurzstrecke unter 800 km

Verbrauch in
Liter Kerosin
pro Passagier
und 100 km

£,00
5,00
4,00
3,00
2,00
1,00
0,00

Flugdistanz
in Kilometer

2.000

4.000

Konzernflotte

Langstrecke (58%)
3,57 1100 pkm

Mittelstrecke (24%)
4,73 1100 pkm

4,20

17100 pkm

Kurzstrecke (18%4)
746 1100 pkm

8.000 10.000 12.000

Lufthansa 2010

DLR 2000
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Fuel Consumption 21 equal intervals

12
Quantity 10
8
6
4
2
0

o [e)] M~ N m — [e)} ~ LN o~ (@] (o] O < N o (o] LN m — [e)] ~

o < e} [ce] o o~ m n N~ [e)} — o~ < O [e0] o — m n M~ [ce] o
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Normalized OEM-based fuel consumption per seat (kg/km)
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Wissenschaften Hamburg

Hamburg University of Applied Sciences

Fuel Consumption

Rating scale for the fuel consumption per seat (kg/km)

Normalized to 0-1

Rﬂting Range 7 unequally spaced
) : ) : intervals for
1nin max 1 max categories Ato G
A 0,01493 0,01772] 0 0,0781  Withthe same
number of aircraft
B 0,01772 0,01983 | 0.0781 0,1370 in each category
C 0,01983 0,02131 | 0,1370 0,1783
D 0,02131 0,02246| 0,1783 0,2106
E 0.02246 0,02392 | 0.2106 0,2514
F 0,02392 0.02602 | 0.2514 00,3099
G 0,02602 0,05070 | 0,3099 1,000
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Species Emission Index (kg/kg fuel)
CO» 3.16
Aircraft fuel combusti H0 1,23
Ircra uel compustion .
SO7 2,00 - 10
Fuel C H,+S Soot 4.00 - 1073
Ideal combustion: IPCC1999
CO,+H,0+N,+0,+50, http://www.ipcc.chlipccreports/sres/aviation/
Air #
—
N,+0, '
Real combustion:
€O, +Hy0+No+05+N Oy +UHC+CO+C__ +50y
UHC 4% Soot 0.1%
'fh
| co11.e%
| mozzew | 04%
_;_--"i.‘ombustion AN -
\ A
. products N\, x
84%
0,16.3% | . 8:5% co, \
72% \
™
N, AN Residual products
75.2% " of non-ideal
(50, ~0.02%) combustion
EEA 2016

http://www.eea.europa.eu/publications/emep-eea-guidebook-2016
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Wissenschaften Hamburg

Hamburg University of Applied Sciences

Global Warming

European Environment Agenc
EMEP/EEA air pollutant emission inventary p g y ,

guidebook 2016

Technical guidance to prepare national emission inventories

European Monitoring and Evaluation Program (EMEP)
http://www.emep.int

European Environment Agency
http://www.eea.europa.eu/publications/emep-eea-guidebook-2016

Users will find two Excel files:
- Master emission calculator
- LTO emission calculator

Height (feet) Fuel burnt NOx, UHCs and CO2z, H20 and VOCs
i co SOy
>3000 BADA BFFM2 Proportional to Proportional to
cCcD the mass of fuel | the mass of UHCs
£
4.1H_TAP Europeen Environmant Agency # <3000 AEED and other databases burnt generated
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—  Wissenschaften Hamburg
— Hamburg University of Applied Sciences

L]
Global Warming
- - . M
) Aviation emissions calculator. File to accompany European Environment Agency %}#
: NLHTAP Chapter 1.A.3.a 'Aviation' of the 'EMEP/EEA air pollutant emission inventory guidebook 2016’

Disclaimer: The fuel burnt and emission data provided in this spreadsheet are for supporting the European Union and EU Member States in the maintenance and provision of European and national emission inventories, These data should not be used for comparing fuel
efficiency and emission data between aircraft models and manufacturers. Fuel burn and emission data in this spreadsheet are modelled estimates and not 'absolute’ values. The engine associated to each aircraft type is the most common type of engine used for each aircraft
type in 2015, Please refer to Annek 4 ‘EUROCOMTROL fuel burn and emissions inventory system’ in the aviation chapter of the 'EMER/EEA, air pollutant emission inventory guidebook 2018 for a description of the method used to produce these data.

1

C— .
Aircraft code - Manufacturer AIREUS INDUSTRIE Engine type Jat Default LTO [1] cycle [hh:mm:ss]
designators provided in Befaulsfar abury
separate worksheet One of the models The most common engine |ID Phases ICAD default Eurnpounzc;l‘rspnrt.)’our

associated with this aircraft A320 233 in 2015 used for modelling JCMOZE =
type this aircraft type Tati 00:26:00 00:20:08
SELECT A32 D = Take off 00:00:42 00:00:42
Category Landplane Number of engines 2 Climb out 00:02:12 000212
Approach 00400 00:04:00
TOTAL 00:-32:-54 00:27-00
Estimated parameters [based on year 2015)
AZ20 Mozt frequently Duration Fuel burn [kg) Co; NO_ 50, H:O cO HC PM non PM volatile PM TOTAL
Aircraft - obrerved cruize | [hh:mm:ss) (ka) ka) (ka) (ka) (kg) (kg) T EHE (L) (fzrgprt © (ko) (%)
tpe AIREUS Flight level sulphurous)
INDUSTRIE (100 fr) (kg)
Diofault Far 3 busy
Default | £yopcan sirport, 00:27.00 T4254 233893 0,97 0E2 91332 ESZ 120 0,006E 0,053 00ED2
LTO (1) year 2015
cycle
ICAD default 00:32:54 216,17 2 670,93 e 053 100389 825 154 00067 00553 10,0861
Enter a
CCD (2)
stage

ENTER length 300 280 004421 180710 B 007,38 3360 160 234574 5,48 114 0,0250 01312 02163
(MR
TOTAL LTOD - CCD 300

. 01:17:15 272327 578,31 44,88 2,29 3 3963 13,72 2,77 00318 0.2505 0.2823
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Global Warming
0.124 - . . . e . . L . . . 45000
NE n
S 008+
— - 40000
2
S 0.04 1
S 4
(0]
_‘% 0— IE000
= .
© — =
o =
-0.04 4 f
- error bars: 90% likelihood range E 30000 ——AlC
-0.08 T o © o ° @ 3 © = = —a— 03 (5)
© © % * % % < -§ — —i— CH4 and 03 (L)
L -
g 3 S
15000
05 0 05 1 15 2 25
Faorcingfactor s
... more details ...
Schwartz 2009
This added to http://www.enu.kz/repository/2009/AIAA-2009-1261.pdf
ReCiPe
to include the
Altitude Dependency
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Local Air Quality

Cruise ~eaigjps,

\# 3000 feet

(ca. 1000 m)
}
s
//ﬁ\b\o
Vi \_f}
/ LTO-cycle
% s
Taxi/ idle Taxi / idle _/
Definition of the landing and take-off cycle (LTO)
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Local Air Quality
' LARTAP .' ions ﬁalculat?r. File to accompany: o Ruropasn Ewironmen dgency
NDirclaimar; TheFuslburnt and mirrion data providedinkhirrpreadrhe ok are farrupporting the Eurnpean Union and the Mamb or Stator of the Eurapean Environment B3enzy in the maintenanze and pravirion of Europs-an and national smicrion insenkarior, There datarhould not be ured for zamp aring Fusl oFfizicney and o micrin

databotusen aircraft typer andfor manuFacturers. Fuslburn and eminrion datain thirrproadehect are modelled ortimater and not "abralute® values. Where only ane trpe of enqine i arraciated with a particular aireraft kype, it i the mart <omman type af enaine (arreen in Eurape], or the bert e quivalent type of enaine, far that
aircraft bepe. Whersroworal brper of onqine arc arrociatod uith a particular aircraft brpe, tho mork-comman bepo of enqine ir marked nith ™%, Plearo rofer ko Annes 4 'EURDGOHTROL fucl burn and e mirrionr inenkaresgrtem? in the auiation chapter of the "'EMEFYEES dir Fallutant Emirrion Inventory Guidebook 2016 For 2

dercriptionof the methoduredto produce thore data.

i i i i = i s spnaval snsing datailr heve’
Enqinc type code: ACH0E
Enqino bypo namo: CFMGE-5-A1 ==

1) Typeof airerart RS Air b RSO I ensines L =5 Typo oF ongine: Turk of anfturbajet

ELO? Lo ool
baalamiccico i HEI ooy
haatemicsneat HOE Lo paing)

1 Thers are no turbaprap-cndined aircrare,

H

Humber af enqiner:
2 Gir carkan mangside.

Sas giremrt snnual avsraas taxitimer havs % HGirunburnk by drozarkonr.

21 firpark 4 HOH are mane-nitraaen oxider THO and HO21
alCauntey  [United Kingdom ]
— Tasi ouk kime [r]: 712
by firpare  [JLEGE Libr altar Intoratianal frpart, GIEFALTAT | ==
Tasiintime (rl: 2d
BITT N T ]

1 LTO cycle tmtal

143, 341 ASS TAZ 1 285 133
Z,533 o056 2,am Z. 317 1,90 1,582
[FII] 1,321 (¥ 274 [X1T) i XTI
», 576 [ K14 (A1} 728 [ RL1} [ ERH 1,358

453,415 726,100 1,097 271,095 T16. 139 1448 343 439,992 Ze8. 312 267,51 25,920 A6 3T
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= Wissenschaften Hamburg
Local Air Quality
Characterization factors of ReCiPe
Midpoint category NO: | SO; PM | CO HC
Photochemical oxidant formation (ozone) | 1 0,081 |- 0,046 | 0.476
Particulate matter formation 0,22 0.20 1 - -

... more details ...

Ozone: NMVOCyrp = 1- (NO,) o + 0,081 - (S0,)1r0 + 0,046 - (CO),rp + 0,476
- (HC) 110

PM: (PMequivatents ) rro = 0,22 - (NOy)pro + 0,20 - (SO02) 70 + 1 - (PM) 70

(PM), 1o calculated from "smoke number"

But: Only NOx enters the overall rating
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Noice

Brake release

Take-off
Measuring Point

Approach
Measuring
Point

Reference points for the noise measurement
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Noice

Noise Certification Database

Run [ it [ A Dato [N Home [ Heip [ ore tems
Noise Certification
Manufacturer All v
o Database
Commercial name All v
Type All v
. ... more details ...

Version All v
Production aircraft Al v
Chapter/Stage Al v
Engine All v
ID Al v

Operator X Y
MTOM(kag) All v
MLM(k Al v

http://noisedb.stac.aviation-civile.gouv.fr
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Wissenschaften Hamburg

Hamburg University of Applied Sciences

Class Pitch (in) | Width (in) | Seats
GO v conony ] 18120
Aircraft type A320 premium economy 0 0 0
Airline Aeroflot Business 38 21 20
Engine type CFM56-5B4/P First 0 0 0
Thrust (k) 120,1 Total amount of seats 140
MTOW (kg) 75500 ——
Amount of Seats 140 Sec (“.“) 538
Serc (in?) 0
O (in2) ~0Q

Lateral Flyover Approach ... more details ...
Noise Level (EPNdB) 93,5 84,7 95,5
Noise Limit (EPNdB) 96.9 91.6 100,6
Level/Limit 0.964912281 (0.924672489 0.949304175
Average 0,9463
Sormalized 22 —  Fud Conunprion Raing
[ Local Air Quality Rating | R (km) 3882
Fuel LTO cycle (kg) 408 m; (kg) 19750
Lo, = R.(m) 5200
LTO HC (2) 818 m: (kg) 16125
H LTO CO (g) 4123
... More detal IS nes Smoke nungaher T/0 5.4 dr ( km) 1318
Smoke number C/O 4.1
Smoke number App 0.2 dm (kg) 3625
Smoke number Idle 0.5 1/SAR ( kg/km) 2.750379363
o ";jz:? e Fuel consumption (kg/km/seat) 0,01965
Forel Flow A El-n;unr)\ nam Normalized 0-1 0,1318
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Summary & What Next?

Summary
® An "Ecolabel for Aircraft" has been defined (ISO, ICAQ, ...)
® Based on simplified Life Cycle Assessment (LCA)
® Fuel Consumption
o Source of Information: Payload & Range Diagram (directly from OEM)

® Global Warming
® Local Air Quality
® Noise

What Next?

® Final check; final ideas; finalizing the method
® More Examples

® "Governing Body" ?77?

® To go "massive" public ?77?
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*)[»

info@ProfScholz.de
Contact
http://wwww.ProfScholz.de

HAW
HAMBURG
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