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The degree of one's emotion varies inversely
with one's knowledge of the facts -~ the less
you know the hotter you get."
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»Unumkehrbare Katastrophe“: Barack Obama spricht vor den Vereinten Nationen in New York, UN-Generalsekretdr Ban Ki-moon sitzt hinter ihm

Obama warnt vor Klimakatastrophe
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- A Press Release 22. September 2009

Airlines present climate change proposals to
heads of governments

1. Improving carbon efficiency with a 1.5% average annual

Improvement in fuel efficiency to 2020
From 2000 to 2006 the fuel burn has decreased by 1,6% per year.
The total emissions increased in the same period by 2,3% !

2. Stabilizing emissions with carbon-neutral growth from
2020

Estimated requirement of more than 50% biofuel !

3. Emissions reductions with a 50% absolute cut In
emissions by 2050 compared to 2005

ALL new products from now on need 50% fuel burn reduction.
Technologies are not available today !
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A-E- gy Intensity Reduction for Air Transport
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Further 50% reduction up to 2020 realistic??
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' ! Climate and Air Transport ™

The , Future“ of Fossile Fuels

Oil Production Forecast by Region:
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- The Passenger |

Why do you fly this airline ?

% of respondents

ICAS PC September 2009
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Climate and Air Transport

Global air transport contributes
about 0,025°C
to the total global warming
of the earth surface of 0,7°C
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Changes in Temperature , Sea Level
and Northern Hemisphere Snow Cover
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atituge (degrees nNortn)

Global distribution of aviation emissions

Aviation Fuel: 169 - 213 Tg/a (about 2 % of all CO,-emissions)
NO,: 2.6 -3 Tg(NO,)/a (about 1.5 % of all NO,-emissions)

longitude (degrees east

0 (degrees_east) (AERO2K, 2005)
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J_i- l a_l Distribution of Aircraft Emissions

About 40 % of all emissions
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' Climate and Air Transport

Radiative Forcing

« The dimension for expressing the climate impact is Radiative
Forcing, RF.

« Radiative Forcing is measuring the rate of temperature
Increase due to human activities in Watt per square meter
(W/m?2).

Simplified
« 1W/m?results in about 0.8 (0.5-1.2) °C global medium
temperature on earth surface

ICAS PC September 2009
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Anthropogenic

Natural
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Global Radiative Forcing Components in 2005

adiative Forcing 1/50-2005, from all sources
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_ jw IFRadiative Forcing 17/50-2005, from aviation

Aviation Radiative Forcing Components in 2005
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_gm on Radiative Forcing: Main Contributions

Aviation Radiative Forcing Components in 2005
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Aviation Radiative Forcing Components in 2005
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Aviation Radiative Forcing Components in 2005
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1 Radiative Forcing: Main Contributions

Induced
Cirrus
cloudiness
depends
on soot
and
contrails.

Outside
contrails,
soot cause
RF<O0,
Inside
contrails
soot cause
RF>0
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Contrails and Cirrus
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Lﬁ“ {[e]y Radiative Forcing: Main Contributions

Aviation Radiative Forcing Components in 2005
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Temperature / K

- Importance of Contrails

The global warming by aviation can be limited only if
contrails are reduced in addition to CO, (and NO, )

0.15 Reference Reduction by less
LD | | eecccccccccccce ACARE COZ fuel Consumptlon
------- ACARE NOx
amcoamocameo Contralls _80% (COz) and NOX
o104 e | (ACARE goals
' Pt introduced in 2050)
In addition:
0.05 80 % less Contrail-
Cirrus
(if 80 mW/m? present
0.00 - ' ' value)
1950 2000 2050 2100
Time / a DLR-CATS project: reduce

the uncertainties and

assess mitigation options.
(Schumann, 2008)
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J;h' 2 Air Traffic and Cirrus

The diurnal Traffic and Cirrus cycles in the North Atlantic
Region, NAR, provides an Aviation Fingerprint:

Annual mean Air trafflc denS|ty (ATD) In km/(km2 h)
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-80 —-60 -40 -20 0 20 40
longitude

Vertically integrated traffic data above 6 km from
EUROCONTROL at 15 min time resolution

ﬂ (Graf, Mayer, Mannstein, Schumann et al., DLR, 2009)
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- Air Traffic and Cirrus |

Cirrus cover determined from a new (day and night
time) Meteosat Cirrus Detection algorithm: MeCiDa

B uses 7 IR channels of SEVIRI

B cirrus detection at day and
night.

B combines morphological and
multi-spectral threshold tests

B detects optically thin (> 0.4) ice
clouds.

B Data include 4 years of 15 min

cirrus cover, Feb 2004-Jan 2008

Deutsches Zentrum
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Air traffic density in km / ( km? h ), 25.04.2004, 00:00 UTC




J_i- ~ Air Traffic and Cirrus
Annual mean cirrus cover and air traffic density (ATD)

0.405 0.06
0.400 4 westtofgast T - 0.05
3 0.395 - 2 to 4 h delay time 0.04
© 0.390 - on average 0
© 0.03 £
£ 0385 ; . é
© 0.380 - Ve«
0.375 A 0.01
0.370 . . . 0.00
0 6 12 18 24

Time/h (UTC)

Cirrus cover follows air traffic with 2 to 4 h delay (this is the time to spread
contrail cirrus to maximum width and thickness visible for the satellite

The cirrus amplitude is far larger than expected for line-shaped contrails so far.
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Air Traffic and Cirrus

Split into west and east part of NAR
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When dividing the NAR into 2 equal 17.5°x10° W-E-
subregions: cirrus cover and ATD density are well correlated

0.015 0.04
§ 0.010 - - 0.03
< - 0.02 -
> 0.005 - =
g 0.000 - <
S - 0.00 ~§

- - =
z 0.005 001 <
6 -0.010 + . -0.02

-0.015 . . . -0.03

0 6 12 18 24
Time, h

Diurnal traffic and cirrus cycles show correlations in the western and eastern
parts separately, which can only be explained by aviation impact on cirrus
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E Globally: RF Forcing about 0.1 W/m?2

State of the art: line shaped contrail RF:
17 mW/m? in NAR, 0.003 W/m? globally.

longwave

y T ? ' T T

=
180 120W  60W 0

' I
60 E

[ |

-100 -30 -10 3 -1 1 3
[MW/m?]
(Marquart et al., 2003), DLR
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New results show 30 x larger
RF values for all contrails than
for line-shaped contrails only

Hence global
RF = 0.1 W/m?

Aviation induced cirrus
cause a larger climate
Impact than CO,, (and
NO,) together!
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New measurements with DLR Falcon

Over North Sea behind A319, A340, A380, B737, CRJ2 aircraft

s A3;9!n!d —— |
" Measurements of emissions and
cirrus particles in contrails for same

meteorological conditions

’ ’ First measurements in A380 contrail

Result: Contrails of larger aircraft More soot causes smaller ice
compared to smaller ones are particles which sediment later and

thicker and stay longer therefore cause longer contrails
1#7 Deutsches Zentrum (DLR-CATS + HGF-AEROTROP; Voigt et al., 2009)
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__ﬂ- " A New DLR- Simulation Model

Contrail Cirrus Simulation and Prediction (CoCiP)

Al\npUtﬁ Contrail Cirrus Output:
nela Prediction Tool Contrail,
(BADA) NAR, 12. Aug 2005, 3-6 UTC |Ife Cycle
:;‘ cover, radiation
§ %0 Natural Cirrus
Movements 3 48]

(ATM data, DFS, 4 Simulation
wn.oEUTrOCONLrOl) 4 (insitu, Lidar,
g Satellite)

SRR g 50
Meteorology | |* N
(NWP reSUltS’ " 350 350 340 3é0 Sz?jét:gétv
ECMWF, DWD) Longitudeldeg
E From regional to global Prediction

Climate impact

= B Comparable to observations
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tau contrails + cirrus, 12. AUG 2005, 00:00 UTC
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Modeled cloud
thickness (tau)
show structures

. comparable
to observations
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radiative forcing for NAR reference case
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[Wim?]

LW

0.86

SW

-0.42

Net

0.44

all day LW
warming

daytime SW

cooling

all day net
warming in
this case
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| _-ﬂ' . - Air Traffic and Cirrus
Contrails can be avoided by flying higher or lower In

particular humid regions Radiosonde Lindenberg, 2000/2 - 2001/4
e S
12000 -
Vertical distribution of
ALL ice super-saturated £ 10000 |
regions g
Required altitude % 800
change: +-2 km?
6000 -
4000 i i | i i i i i
0 20 40 60 8 100 120 140 160 180
4 h number of ISSR events per 50 m level
DLR fir Luft- und Raumfahrt eV ICAS PC September 2009
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‘- | Air Traffic and Cirrus

Contrails can be avoided by flying higher or lower iIn
P articular humid reg lons Radiosonde Lindenberg, 2000/2 - 2001/4
2500
2000 : | :
1000
500
0
500
1000
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2000
-2500

Vertical distribution of
INDIVIDUAL ice-
saturated regions

Required altitude
change: +-0,3 km?

distance from ISSR centre level (m)

relative frequency of ice supersaturation
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JO m higher or lower, minimizing contrails

LW
SW
Net

LW var
SW var

[W/m?2] fix var.
LW 0.86 | 0.38
SW -0.42 | -0.18

Time/h
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By adjusting
flight levels to
minimum
humidity, more
than 50 % of
the contrail
heating effect
can be
avoided
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' lusions for Climate Researeh

B The CO, impact remains very important for centuries. Hence, Fuels
without fossil C emissions are needed

B The NOx impact is less important than thought when formulating
ACARE objectives in 2000, however, NOx can be an health issue in
the airport vicinity

B The climate impact of contrail cirrus is larger than estimated so far.

B Areduction of soot emissions helps to reduce the climate impact of
contrail cirrus.

B Contrail cirrus can be reduced by flying higher or lower, depending
on the predicted weather situation.

B This causes a small CO2-RF-increase and a larger contrail RF-
reduction.

E  Future ATM routing should minimize climate impact from CO, and
contrails

B Limiting global warming to less than 2°C requires quick actions on
all warming contributions, including contrails and soot
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HALO Experiments
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HALO Experiments

Instrumentation for HALO

Far field measurements: LIDAR / GLORIA
Cloud radar

Microwave sensor for temperature far field
Mass spectrometer (SO, PAN, HNQO,, ...)
In-situ trace gas instruments

Particle probes below wing

More than 40 different instruments for first three Demo missions
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B o Nextsteps R <

DLR project 2008-2012
Climate compatible Air Transport System (CATS)

Planned for 2010:
®  Atmospheric research to reduce the existing HALO ML-
uncertainties (in particular assessment of the CIRRUS
global climate impact of aviation induced cirrus) experiment to
B Air transport system research (in particular an validate the
integrated simulation and assessment chain for contrall cirrus
ana of various mitigation option models

Finalization of the EU-Project QUANTIFY to

assess all traffic impact (aircraft, ships, cars,
trains etc.

B EU-Project REACT4C (2009-2011) to explore the
feasibility of adopting flight altitudes and flight
routes that lead to reduced fuel consumption and
emissions, and lessen the environmental impact.
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4 Fuglestvedt et al., 2007, © PNAS
DLR Eﬁﬁ f('th Elj nzcie E:l:lnrl]fa hrteV

ICAS PC September 2009
n der Helmholtz-Gemeinschaft J.Szodruch



Greenhouse Gas Emissions (gCO,/PKT

0 50 100 150 200 250 300 350 400 4
] | |
Conventional Gasoline Sedan 144
-1 [ [
Conventional Gasoline SUV 171
. | |
Conventional Gasoline Pickup 263
-1 [ [ [
Urban Diesel Bus (Off Peak) 205

Urban Diesel Bus (Peak)
Commuter Rail (SFBA Caltrain)
Light Rail {SF Muni)

Light Rail {Boston Green Lineg)

| Greenhouse Gas Emissions (g CO,e/ PKT)

Small Aircraft 121
] I
Midsize Aircraft a8 |
- [
Large Aircraft 92
OVehicle Active Operation OVehicle Inactive Operation B Vehicle Manufacturing O Vehicle Maintenance
mVehicle Insurance O Infrastructure Construction M Infrastructure Operation O Infrastructure Maintenance
M Infrastructure Parking O Infrastructure Insurance 01 Fuel Production

PKT= Passenger Kilometers Travelled

Chester, Horvarth, 2009
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- HG Emissions Sensitivity torOccupancy

Conventional Gasoline Sedan
Conventional Gasoline SUV

Conventional Gasoline Pickup

Urban Diesel Bus

Metro (SFBA BART)
Commuter Rail (SFBA Caltrain)
Light Rail (SF Muni)

Light Rail (Boston Green Line)
Small Aircraft

Midsize Aircraft

Large Aircraft
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Car: 1 and Max Seats

Bus: 5 and 60 PAX

Rail: 25% and 110%

Air: 50% and 100%

Chester, Horvarth, 2009
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Winston Churchill
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Technology Impact

How much

technology do we really need?

Prognoses

Traffic Growth between 5% and 3,5%
Load Factor

Service Life

PAX / Freight and Combi-Aircraft
Blockfuel

Average Seat Calculation

Distance pro hour

Flight-hours per Aircraft

Considered Aircraft Types:

* Classic and New Generation,

#7 Deutsches Zentrum
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j- Technology Impact

Extrapolation until 2050

Growth rate of transport

capacity in comparison to Assumption:
Ayear before Long time trend of world wide air traffic
+10% growth — Reduction from ca. 5% p.a. to ca.
2% p.a. due to a saturated market according
+8% i to scenario between “Unlimited Skies” and
“Regulatory Push and Pull”
+6% — \
+494 = e \
+2% >

+/-0% e

-2% ——

-4% >
2000 2010 2020 2030 2040 2050

%7 Deutsches Zentrum (W Grimme, DLR, 2008)
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- B Technology Impact Fuel Burn

Technology Impact — Extrapolation 2000 - 2050

Index (100 = Year 2000)

A Moderate

Growth

500 Scenario
Without New
Technologies

400 2

With New
Technologies

Fuel consumption ACARE

-50% CO,
Aircraft &

200+ =CO

SN - 2% Ops.
S -10% ATM
~
A 5504 Biofuel

100 ¢ \
Only COz neutral !

0 -+ : : : ; >
2000 2010 2020 2030 2040 2050
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' & Technologies

Ailrcraft Technologies for Fuel Burn Reduction

Systems

cccc

Engine

Reduction 30%
(Primary.Struct.)

up 10 =15%

Structures

Aerodynamics
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Lﬁ' & EU Technology Programmes

Joint Technology Initiative “Clean Sky”

SMART Wing Aircraft
S . -

- =2 e

Green
Engines

ATS Model

Z RS 3 years 3years

| T
Evaluation
A A

First Definition Refined Definition
of ecology efficiency of ecology efficiency

Regional Air
Transport

4# Green
DLR f[::erlfj ’fc'tr:ejnzcie E;:]nrl;ah rteV R O t O r C r aft
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1 iﬂ'i- ‘ Technologies

Operational Technologies for Fuel Burn Reduction

-

4D

Flight Guidance Route ,Free-RigHk*
Planning = Ye

-3%

_ Efficienc
Operation flines 10 Ye

h 2% ' Air Réfueling

(Long Distance)

R\ NI e — -
\ - 5 " ~
N
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EU Technology Programmes

Europe today

1 25.000 flights per day
- 0)

1 With 5.000 aircraft 12 Y0

1 Over 650 sectors Fuel Burn

1 Between 100 large airports o

S

1 With 27 different Air Traffic Management Systems :’@ -

& e

1 For atotal ATM costs of 7 billion Euro per year GALILEO
1 Corresponding to 6% of the flight costs

SAR INITIATIVE o

ICAS PC September 2009
J.Szodruch
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‘ . DLR Research Programme woEEs

DLR Contribution to Vision 2020

2006  ime—— 2013

>

i
|
|
|
|

DLR Total

-10% CO,

DLR Total
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-  DLR-Research Program

Main Areas of Research at the DLR

Aerodynamic Systems and
Flight Guidance, Virtual Aircraft
and new Configurations

Materials, Structures, Flexible Aircraft

Simulation and
Validiation

Rotorcraft

Concepts

Low emission
Noise impact,
B \Wake vortex
Virtual Engines ¥ Efficient airport traffic
Propulsion Techniques
Turbines, Fans,
Combustion Technology,

Validation

#7 Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV ICAS PC September 2009
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j- . Fixed Wing Aircraft

Laminar Flow Control: Potential and Challenges

Challenges and Research Topics

» Suction System Complexity
» Anti-Contamination System (Insects)

» De-Icing System

» High-Lift System Wing Design

» Surface Quality & Integrity

Potential Savings (aircraft level):

Wing: - 12% » Mass Production Concepts
Tail: - 3%
Nacelles: - 1%

Fuselage: not feasible due to high Reynolds numbers
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Laminar Flow

ATTAS
Wing Glove

Objectives:
» Efficient Suction System
» Operational Experience

ches Zentrum
DLR fiir Luft- und Raumfahrt eV
in der | tz-Ge schaft

e’ Deuts

ATTAS
NLF-Nacelle

DLR
ATRA A320

ICAS PC September 2009
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- | Fuel Cell
il ! |

High Requirements for Fuel Cell Systems in Aeronautics

B variable outside pressures and temperatures
up to +13000 m and between -72°C [ +56°C

loads due to aircraft maneuvres (inclination, acceleration)
vibrations

installation at sub-atmospheric pressure
transient operations, e.g. start-up

fuel supply (kerosine vs. hydrogen)
cooling

mission safety

#7 Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV ICAS PC September 2009
in der Helmho 5

der Helmholtz-Gemeinschaft J.Szodruch



ATRA - Fuel Cell Demonstrator ILA 2008

A# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

Cooperation with Airbus
Qualification of Fuel Cells in Flight
Regular , Ground Demos*:
B Electrical Supply of ,blue“ hydraulic
pump
EMoving control surfaces
B Demonstration of operational
parameters for active fuel cell
system
Milestone: Certified Infrastructur in
rear cargo belly for installation of a
fuel cell system
Ongoing Research:
EPowered landing gear

ICAS PC September 2009
in der Helmholtz-Gemeinschaft J.Szodruch



- 2 Fuel Cell

Antares DLR H2 — General Concept

Characteristics

 Empty weight ca. 460kg/1014 Ib.

* Weight fuel cell system ca. 60kg

B © max. Weightt FC System 100kg

| * Maximum Weight DLR H2 750kg

~ | « Range > 750km (> 2000km at 4

—~ « PODs)

Max. system power ca. 25kW

Continuous power >20kW

i » Max altitude >>4000m/>>12000ft
 Max climb performance (560kg) >

24+ 2,5m/s (at 25kW)
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Hydrocarbon Fuel Storage
Liguic
Nifrogen A
Cryogengrator 5

Hybrid Fuel Cell
(Tio / Climb / Cruise)

Transfer
Gearbox

Fuel Cell Exhaust

—
//<
—

Turbine Exhaust

Gas Turbine (Take Off & Climb Only)

Reduction Gearbox With
Overrunning Clutch

Coutrot, SAFRAN 2007
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Light at the end of the tunnel ...

Innovation will lead global aviation
out of economic slump

The global aviation industry must rely on technological
advances to address three of its most pressing
challenges

the worldwide economy,
the environment, : v -
and global air transportation system modernization

AlA President and CEO Marion Blakey
April 2009
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‘ i Conclusions and Outlook

For the operation and the design of aircraft it is thus recommended.:
 Airtransport growth and CO2 emissions must be decoupled
 Next generation aircraft must then have a 50% fuel bu

reduction compared to today’s products
« Technologies need to be validated
’FLueIs Wrthout fgss,h C emrssﬁg .- neede[df,

( ;;:._.;j,g-;é.' Infrastructiure X T A i
Piongering research SR R T R

| ‘ *E'ducatron /|Young P\FOféS‘SIOﬂEMS
-__1_'Can W._ afford \ - iy LN | AN
N7 o Bl (ft to w\alt for the technologrcal wrhdoyv of opportunrty’>
| t miss the h,conomlcal wmdow ofoppOrtunrty’? 3
e oy ndtto/develop ajsustainable air rahsort Sy stem 4,
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“In light of the fact that humanity is not able to learn from past
mistakes we can not afford to make mistakes in the future.” -

Ernst Ferstl

www.dlr.de

i.iiiii%llill\l\l ...:.
Thank you for

listening



http://www.dlr.de/
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