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Agreement for research collaboration

INRETS

Institut national de recherche

sur les transports et leur sécurfté

LETTER OF AGREEMENT for RESEARCH COLLABORATION

The purpose of this Letter of Agreement of Research Collaboration is to prepare a legal basis
for research team and operations to be lead by Dr. Ir. Setyo Sarwanto, DEA at Civil Engineering
Department of the Universitas Indonesia and by Dr. Salah Khardi at INRETS (Institut National de
Recherche sur les Transports et leur Sécurité) at Bron (France). Both parties agree to conduct a Joint
Research in Title:

Combined effect of Aircraft Noise and Pollutant Emissions in the Intermediate
Atmospheric Layers.

-

To implement the aims and purposes, the following is mutually understood and agreed.

2. Proposals for collaborative research work under this agreement will be submitted through French
Embassy and DIKTI to assure financing support and conformity with the aims and purposes.

3. Individual programs of research work under this agreement will be jointly planned and conducted
by both parties.

4. All research derived from the collaborative efforts of the two parties will be the property of party
submitting the proposal.

5. In every year the joint research team will product at least one Publication in an International

Journal.

This Agreement of Research Collaboration is effective within the three year period (2010-2012) and is
writter in English in 2 (two) copies, all are authentic.

Executed for Executed for

INRETS Universitas Indonesia

On behalf Mr.Guy Bourgeois
INRETS Managing Direct

—

Dr. Ir. Setyo Sarwanto Moersidik

Dr.
INRETS ,

Transport & environment Laboratory ,  Civil Engineering Department,
Lyon, France @—’/ v Kampus Ul,

. - Depok, 16424, Indonesia

Phone : +33-472142473 Ph : +62.21.7270029

Fax . +33- 472376837 Ph : +62.21.7270028
Mobile : +33- 685180217 Mobile : +62-811861716.
E-mail : salah.khardi@inrets.fr E-mail : smoersidik@yahoo.com
Place :Bron Cedex 69675 - France Place :Depok - Indonesia

Date  :May, 1702010 Date  :May, 1712010
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Institution : INRETS (Institut National de Recherche sur les
Transports et leur Sécurité), Bron Cedex 69675, Lyon-France.
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Agreement for research collaboration

Research Identity

1. Research Title : Combined effect of Aircraft Noise and Pollutant Emissions in the
Intermediate Atmospheric Layers.

2. Head of Researcher

a. Full Name : Dr.Ir. Setyo Sarwanto Moersidik, DEA
b. Field of expertise : Environment
c. Structural Position : -
d. Functional Position : Senior Lecturer
e. Office : Universitas Indonesia, Engineering Faculty,
Civil Engineering Department ,
f. Mail address : Kampus Ul, Depok 16424
g. Telepone/Fax : (021) 7270029 / (021) 7270028
h. E-mail : smoersidik@yahoo.com
3. Member of Research Team
Indonesia
. . Allocated
No Name and Academic Title Field . of Ipstltu Time
Expertise tion
(hours/week)
1. Ir, Gabriel Andari Kristanto, Ph.D  Environment Ul 10
France
No. Name and Academic Field of Expertise Institution
Title
1. Dr. HDR Salah Khardi Environment (noise INRETS
and pollutant
emissions of
aircraft)
2. Dr. Michel André Environment — INRETS

Emission factors
and air quality

4. Research Plan in Year

a.

1% year:

Aircraft emissions inventory and comparison with already implemented
solutions showing the interest and the stakes of this research.

State of the art: aviation and the environment / the balance approach of
ICAO

Identification of methods assessing and measuring noise and pollutant
emissions. Have to be analyzed the benefits of the incoming aeronautical
fuels combined with the new aircraft design and engines. What are the
impacts compared to the previous aircraft fleet?

Development of new method based on fuzzy network combining noise and
pollutant emission factors calculation. Theoretical tools have to be finalized
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9.

this year.

2" year

- Algorithm and method have to be developed to solve the fuzzy network
problem with the answer to the following question: how to obtain an accuracy
solution that should be implemented in-flight to manage noise and pollutant
emissions

- The new model has to be achieved taking into account air traffic

- Dispersion modeling calculation development on the basis of EDMS or other
available software has to be used to validate the developed method

3"“year:
- Experimental data collection
- Comparison results

Research Term:

e Start :June 2010.
e Finish : November 2012.

Research Budget Proposed in first year: SUBMIT

Total Finance required: Rp 261.975.000,-
Co-Financed by French Embassy (5000 Euro): Rp 64.500.000,
Finance proposed to DIKTI: Rp 197.475.000

Location of Research: University of Indonesia and INRETS

International Journal Intended: International Journal for Environmental Impact
Assessment such as: Atmospheric Environment (areas covered include air
pollution research and its applications, air quality and its effects, dispersion and
transport, deposition, biosphere- atmospheric exchange, atmospheric chemistry
and induced changes in vradiation and climate), Environmental Impact
Assessment Review (this journal focus on theory and practice means focused on
concepts, methods, techniques, approaches and systems), Environmental
Pollution (focuses on papers that report results from original research on the
distribution and ecological effects of pollutants in air, water and soil environments
and new techniques for their study and measurement), Environmental Modeling
& Software(focuses on issues and methods related to the integrated modeling,
assessment and management of environmental systems - including relevant
policy and institutional analysis, public participation principles and methods,
decision making methods, model integration, quality assurance and evaluation of
models, data and procedures), Environment International (covers all disciplines
engaged in the field of environmental research), Transportation Research Part D:
Transport and Environment (publishes original research on the environmental
impacts of transportation, policy responses to those impacts, and their
implications for the design, planning, and management of transportation
systems). Other journals should be considered as: Journal of Intelligent & Fuzzy
Systems. Applications in Engineering and Technology, International Journal of
Fuzzy Systems, Journal of Fuzzy Optimization and Decision Making, Journal of
Fuzzy Mathematics

Target in first year:
- Aircraft emissions inventory and comparison with already implemented

10
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solutions showing the interest and the stakes of this research.

- State of the art: aviation and the environment / the balance approach of ICAO

- Identification of methods assessing and measuring noise and pollutant
emissions. Have to be analyzed the benefits of the incoming aeronautical fuels
combined with the new aircraft design and engines. What are the impacts
compared to the previous aircraft fleet?

- Development of new method based on fuzzy network combining noise and
pollutant emission factors calculation. Theoretical tools have to be finalized
this year.

Two reports have to be provided this year describing the state of the art and
theoretical concepts and method. Objectives and the future prospects have to be
clearly carried out and presented.

10. Other important details: In this research, two Master students and one Doctoral
student will be involved. Those students are registered in DDIP (Double Degree
Indonesia Perancis) in the framework of. Memorandum of Understanding
between Universitas Indonesia and INRETS.

Administrative issues

This proposal is connected to Memorandum of Understanding signed between
UNIVERSITAS INDONESIA University of Indonesia and INSTITUT NATIONAL DE
RECHERCHE SUR LES TRANSPORTS ET LEUR SECURITE.

In this research activity, two Master students and one PhD student will be involved
and registered at Ul and at INRETS as students of Double Degree Indonesia
Perancis (DDIP) program whose scholarships are be provided by DIKTI (Indonesian
DGHE in Ministry of National Education) and French Embassy in Indonesia.

e Master (1% student): atmospheric chemistry and physics area — 1 year from
autumn 2010

e Master (2nd student): numerical applications topic — 1 year from autumn 2010

e 1% Ph.D. Student (3 student): Mathematical modelisation applied to
environment (the combined effect of noise and pollutant emissions) — 4 years

starting in autumn 2010

The distribution of the periods of stays of the students in INRETS (France) will be
supervised by a project of research agreement including a study research convention
signed by the three parties (UI-INRETS-student) which provided the work hours, the
holidays to which have right the students, the obligations of the student stay in
INRETS. Failing this, no reception will be possible in INRETS. The students will
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continue, on the other hand, to be directed by their French person in charge.

It is designed that during the 3 years of the research, there will always be at least one
student involved at Ul and at INRETS in DDIP Master's and Doctorate program to
guarantee a successful research. We believe that combining the DDIP Master’s and
Doctorate program with International Joint Research will become an effective and
strong motivation for students and provide a big opportunity for UI-INRETS
collaboration as well as ensure the continuity of international joint research in multi
years.
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Research substance

RESEARCH SUBSTANCE

Abstract

Air Transportation growth increased continuously over the years. The increase in
transport activity has been accompanied by an increase in the amount of energy
used to provide transportation services and it is assumed to increase environmental
impacts.

The role of Air Transportation Research is to maintain and increase the efficiency of
different transport modes as well as to ensure their interaction and to stimulate
progress in order to improve environmental quality. In particular, at different levels,
commercial aircraft impacts on the environment in the following ways: (1) noise
impact, (2) air and water quality impact, (3) global climate change. Moreover, the
capacity of airports, particularly in Europe, could be limited by environmental impacts.
ICAO Balanced Approach to aircraft noise and emissions control consists of several
instructions: reduction of noise and emissions at the source and certification; phase-
out of non-certificated airplanes; land-use planning and management; new
procedures and restriction of aircraft operations...

Aircraft pollutant emissions are an important as a source of pollution and directly or
indirectly will affect harmful to human health, ecosystems and cultural heritage. There
are many methods to assess of pollutant emissions used by various country but
using different and separately methodology will causes a wide variation in results,
some lack of information and the use of certain methods will require justification and
reliability that must be demonstrated and proven. In relation of this issue, this project
presents identification and reviews some of the methodologies of pollutant emissions
from the past, present and future expectation of some studies and projects focusing
on emissions factor, fuel consumption and uncertainty and to get reliable information
of the impacts of aircraft pollutant emissions in short term and long term prediction.

Existing research is directed towards examining environmental performance by a
development of models, which integrate engine functionality and in flight
performance, aircraft design and aircraft procedures and operations. Future research
should address the strong relationship between aircraft noise and emissions with the
aim to reduce their combined effects on environment. In this way, research actions
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carried out in the two laboratories on aircraft noise and emission reductions
contribute towards the achievement of the 2020 objectives recommended by the
Advisory Council for Aeronautics Research in Europe (ACARE). Taking 2001 as the
baseline, the ACARE objectives are:

o To reduce fuel consumption and hence CO, emissions by 50% per passenger-
kilometer

o To reduce NO, emissions by 80% in landing and take-off according to ICAO
standards and down to 5 g/kg of fuel burnt in cruise

o To reduce unburnt hydrocarbons and CO emissions by 50% according to ICAO
standards

o To reduce external noise by 10 EPNdB per operation of fixed-wing aircraft, for
rotorcraft the objective is to reduce noise foot-print area by 50% and external noise
by 10EPNdJB.

Objectives of this cooperative project are to respond to the following questions:

1. How to monitor and to control aircraft noise and emissions for the sustainable
development of air traffic and for environment quality improvement.

2. Whether the benefits in terms of improvement of environmental quality, the joint
analysis and assessment of the impact of air transport in combination with the other
transport systems should be performed at a local level (in the vicinity of airports).

This cooperation should identify, develop, and validate methods on the following
directions: noise control and its reduction, air quality analysis at a local level,
environmental benefits of air transport in combination with other transport systems at
a local level, methodological bases rest on the “balanced sheet” approach to a
problem of abatement of aircraft noise and emissions.

Four main stages of the research are concerned:

1. Analysis methods to reduce commercial aircraft noise and emissions
(optimization concept)

1. In flight integrated approach
2. Development of joint estimation criteria of aviation noise and emissions

3. Benefits of transport systems combination at a local level improving

14 Rapport INRETS-LTE 1010
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environmental quality around airports.

The synergies between the four tasks and their contribution to the common
objectives of advancing competitiveness and responding to the environmental
challenges of the air transport sustainable development will be exploited as
appropriate.

This project aims to develop more extensively the scientific exchanges and
excellence between the two research laboratories of the two countries. In particular,
these works and exchanges should be developed through the organization of several
internships for high-school students on the above topics, and which should be
managed jointly by the French and Indonesian partners to favor the bilateral
partnership. Ideally, a PhD thesis and two Master students should be proposed (at
the issue of a first period).

Working plan

a. 15! year:

- Aircraft emissions inventory and comparison with already implemented
solutions showing the interest and the stakes of this research.

- State of the art: aviation and the environment / the balance approach of
ICAO

- ldentification of methods assessing and measuring noise and pollutant
emissions. Have to be analyzed the benefits of the incoming aeronautical
fuels combined with the new aircraft design and engines. What are the
impacts compared to the previous aircraft fleet?

- Development of new method based on fuzzy network combining noise and
pollutant emission factors calculation. Theoretical tools have to be
finalized this year.

b. 2"year

- Algorithm and method have to be developed to solve the fuzzy network
problem with the answer to the following question: how to obtain an
accuracy solution that should be implemented in-flight to manage noise
and pollutant emissions

- The new model has to be achieved taking into account air traffic

- Dispersion modeling calculation development on the basis of EDMS or
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other available software has to be used to validate the developed method
c. 3"year:
- Experimental data collection
- Comparison results and validation

- Demonstrator achievement that should be implemented in the aircraft FMS

16 Rapport INRETS-LTE 1010



Introduction

INTRODUCTION

Transportation growth increased continuously over the years. However, the growth
has not uniform in the various transport modes and sectors, and varies from country
to country. The general increase in transport activity has been accompanied by an
increase in the amount of energy used to provide transportation services. Along with
the increase in transport activity and energy consumption is assumed to increase
environmental impacts that will happen.

The environmental impact of air traffic is often mainly associated with noise nuisance,
smoke and gaseous emissions of carbon monoxide (CO), unburned hydrocarbons -
also referred to as Volatile Organic Compounds (VOC), including methane (CH,) -
and nitrogen oxides (NOy) in the vicinity of airports. These have been controlled by
implementation of standards and certification of aircraft engines. For this purpose the
International Civil Aviation Organization (ICAO) has defined reference emissions
Landing and Take-Off (LTO) cycle, with specific thrust settings and so-called Time-
In-Modes (TIMs) for each operating mode, which reflects all aircraft operations in the
boundary layer below the so-called inversion height (usually at about 1 km), [Olivier,
1991].

However, aircraft generally emit most of their exhaust gases and particles at higher
altitudes, in particular during cruise flight. The emissions of supersonic transport
(SST) in the stratosphere have been subject of study in the 1970s in relation with the
issue of ozone depletion. However, when it became clear that only a small fleet of 14
SST - i.e. Concorde — it would come into operation, the interest of researchers and
policy makers in their impact on the environment diminished. Recently however the
emissions by aircraft of compounds attributing to acidification, ozone depletion, smog
formation and climate change have attracted new attention from the research
community as well as from policy makers [Olivier, 1991].

Aircraft emissions have been of concern since the beginning of commercial aviation.
The continuing growth in air traffic and increasing public awareness have made
environmental considerations one of the most critical aspects of commercial aviation
today.

It is generally accepted that significant improvements to the environmental
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acceptability of aircraft will be needed if the long-term growth of air transport is to be
sustained. The Intergovernmental Panel on Climate Change (IPCC) has projected
that, under an expected 5% annual increase in passenger traffic, the growth in
aviation-related nuisances will outpace improvements that can be expected through
evolutionary changes in engine and airframe design [IPCC, 1999].

The release of exhaust gasses in the atmosphere is the second major environmental
issue associated with commercial airliners. The world fleet releases approximately
13% of Carbon dioxide (CO;) emissions from all transportation sources, or 2% of all
anthropogenic sources [IPCC, 1999]. The expected doubling of the fleet in the next
twenty years will certainly exacerbate the issue: the contribution of aviation is
expected to increase by factor of 1.6 to 10, depending on the fuel use scenario.
Conscious of this problem, engine manufacturers have developed low-emission
combustors, and made them available as options. These combustors have been
adopted by airlines operating in European airports with strict emissions controls, in
Sweden and Switzerland, for example, [Celikal et al., 2005].

Over the past several years, pollutant emissions Index have declined steadily. NOy
has been the most challenging pollutant to constrain and progress has lagged that of
other pollutants [FAA, 2005].

Current emissions regulations have focused on local air quality in the vicinity of
airports. Emissions released during cruise in the upper atmosphere are recognized
as an important issue with potentially severe long-term environmental consequences,
and ICAO is actively seeking support for regulating them as well.

Operations of aircraft are usually divided into two main parts (EEA, 2009):

» The Landing Take-off (LTO) cycle which includes all activities near the airport that
take place below the altitude of 3000 feet (914 m). This therefore includes taxi-in
and out, take-off, climb-out and approach-landing. The LTO is defined by ICAO
(1993).

» Cruise which is defined as all activities that take place at altitude above 3000 feet
(914 m). No upper limit altitude is given. Cruise includes climb from the end of
climb-out in the LTO cycle to the cruise altitude, cruise, and descent from cruise

altitudes to the start of LTO operations of landing.

18 Rapport INRETS-LTE 1010



Introduction

Method for measurement, prediction and assessment of environmental problems
such as aircraft pollutant emissions has been carried out. The use of certain methods
will require justification and reliability that must be demonstrated and proven. Various
methods have been adopted for the assessment of aircraft pollutant emissions. The
use of different and separate methodology causes a wide variation in results and
there are some lacks of information. In order to get reliable information of the impacts
of aircraft pollutant emissions, it will identify, review and comparison of various
methods of pollutant emissions assessment and evaluate the reliable methods to use
in terms of accuracy, application, capability and problem of the uncertainty data and
model.
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Literature study

LITERATURE STUDY

Pollutant Emissions Source

Emissions from aircraft originate from fuel burned in aircraft engines. Aircraft jet
engines produce Carbon Dioxide (CO,), Water Vapor (H,O), Nitrogen Oxides (NOy),
Carbon Monoxide (CO), Oxides of Sulphur (SOy), unburned or partially combusted
hydrocarbons (also known as volatile organic compounds (VOC)), particulates and
other trace compounds [FAA, 2005].

A small subset of the VOCs and particulates are considered hazardous air pollutants
(HAPs). Aircraft engine emissions are roughly composed of about 70 percent CO,, a
little less than 30 percent H,O, and less than 1 percent each of NO,, CO, SOy, VOC,
particulates, and other trace components including HAPs. Aircraft emissions,
depending on whether they occur near the ground or at altitude, are primarily
considered local air quality pollutants or greenhouse gases [FAA, 2005].

Water in the aircraft exhaust at alttude may have a greenhouse effect, and
occasionally this water produces contrails, which also may have a greenhouse effect.
About 10 percent of aircraft emissions of all types, except hydrocarbons and CO, are
produced during airport ground level operations and during landing and takeoff. The
bulk of aircraft emissions (90 percent) occur at higher altitudes [FAA, 2005].

For hydrocarbons and CO, the split is closer to 30 percent ground level emissions
and 70 percent at higher altitudes. Aircraft are not the only source of aviation
emissions. Airport access and ground support vehicles produce similar emissions.
Such vehicles include traffic to and from the airport, ground equipment that services
aircraft, and shuttle buses and vans serving passengers. Other emissions sources at
the airport include auxiliary power units providing electricity and air conditioning to
aircraft parked at airport terminal gates, stationary airport power sources, and
construction equipment operating on the airport [FAA, 2005].

Emission from Combustion Processes CO, — Carbon dioxide is the product of
complete combustion of hydrocarbon fuels like gasoline, jet fuel, and diesel. Carbon
in fuel combines with oxygen in the air to produce CO,. H,O — Water vapor is the
other product of complete combustion as hydrogen in the fuel combines with oxygen
in the air to produce H,O. NO4 — Nitrogen oxides are produced when air passes

Rapport INRETS-LTE 1010 21



Combined effects of Aircraft Noise and Pollutant Emissions

through high temperature/high pressure combustion and nitrogen and oxygen
present in the air combine to form NOy [FAA, 2005].

HC — Hydrocarbons are emitted due to incomplete fuel combustion. They are also
referred to as volatile organic compounds (VOCs). Many VOCs are also hazardous
air pollutants. CO — Carbon monoxide is formed due to the incomplete combustion of
the carbon in the fuel. SOx — Sulfur oxides are produced when small quantities of
sulfur, present in essentially all hydrocarbon fuels, combine with oxygen from the air
during combustion [FAA, 2005].

Particulates — Small particles that form as a result of incomplete combustion, and are
small enough to be inhaled, are referred to as particulates. Particulates can be solid
or liquid. Ozone — O3 is not emitted directly into the air but is formed by the reaction
of VOCs and NOy in the presence of heat and sunlight. Ozone forms readily in the
atmosphere and is the primary constituent of smog. For this reason it is an important
consideration in the environmental impact of aviation [FAA, 2005].

Compared to other sources, aviation emissions are a relatively small contributor to air
quality concerns both with regard to local air quality and greenhouse gas emissions.
While small, however, aviation emissions cannot be ignored [FAA, 2005]. Emissions
will be dependent on the fuel type, aircraft type, engine type, engine load and flying
altitude. Two types fuel are used. Gasoline is used in small piston engines aircraft
only. Most aircraft run on kerosene and the bulk of fuel used for aviation is kerosene
[Rypdal, K.]. Table 1 is shown emission indices from exhaust engine.

In general, there exist two types of engines; reciprocating piston engines and gas
turbines [Olivier, (1991) and EEA, (2009)]. Table 1 is shown an example exhaust
emission indices from the engine and fuel flow.

Table 1. Exhaust Emission Indices and fuel flow for the Pratt & Whitney JT8D-15
Turbofan Engine [Landau, 1994]

. Fuel Flow Emission Indices (g/kg)
Power Setting
(kg/hr) | NO, | CO HC
Takeoff 4241 19.1] 0.7 0.3
Climb Out 3402 150 1.0 0.3
Approach 1225 59 | 9.6 1.7
Idle 532 3.0 | 356 11.0

22 Rapport INRETS-LTE 1010



Literature study

Identification of Various Methods of Assessments and Measurements

The International Civil Aviation Organization (ICAO) is a United Nations
intergovernmental body responsible for worldwide planning, implementation, and
coordination of civil aviation. ICAO sets emission standards for jet engines. These
are the basis of Federal Aviation Administration (FAA) aircraft engine performance
certification standards, established through Environmental Protection Agency (EPA)
regulations.

ICAO has covered three approaches to quantifying aircraft engine emissions: two in
detail and one in overview: Simple Approach, Advanced Approach and Sophisticated
Approach, [ICAQO, 2007].

a. Simple Approach is the least complicated approach, requires the minimum
amount of data, and provides the highest level of uncertainty often resulting in an
over estimate of aircraft emissions. This approach considers the emission
pollutant of NO, CO, HC, SO,, CO,. The equation used for calculating emission
of species does not account for specific engine types, operational modes or Time
in Modes (TIM) as it assumes that the conditions under study are the same or
similar to the default data being used.

b. Advanced Approach reflects an increased level of refinement regarding aircraft
types, Emissions Index (El) calculations and TIM. This approach considers the
emission pollutant of NO4, CO, HC, SO,. ICAO does not have emissions
certification standards for SO.. However, SO, emissions are described as a
function of the quantity of sulphur in the fuel.

c. Sophisticated Approach is provided in overview, will be further developed in an
update of this guidance (e.g. Committee on Aviation Environmental Protection —
CAEP/8) and is expected to best reflect actual aircraft emissions. This approach
requires the use of propriety data or models that are not normally available in the
public domain.

Environmental Protection Agency (EPA) recommended emissions calculation

methodology for a given airport in any given year can be summarized in six steps:

1) Determine the mixing height to be used to define a landing and takeoff (LTO)
cycle.

2) Determine airport activity in terms of the number of LTOs.

3) Define the fleet make-up at the airport.

4) Select emission factors.

5) Estimate time-in-mode (TIM).

6) Calculate emissions based on the airport activity, TIM, and aircraft emission
factors.

Steps two through five are repeated for each type of aircraft using a given airport.
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This methodology is essentially the same as that used in the FAA Aircraft Engine
Emissions Database (FAEED) model, [EPA, 1999].

For Time in Mode Calculations, the duration of the approach and climb out modes
depends largely on the mixing height selected. EPA guidance provides approach and
climb out times for a default mixing height of 3000 feet, and a procedure for adjusting
these times for different mixing heights. The adjustments are calculated using the
equation below:

Climb out:
MixingHeight — 500
TMaqj = T1Maqj X[ 3000 — 500 ]
Approach:
MixingHeight
TIMyg; = TIMgq; x[ 2000 ]

For Emissions Calculation (HC, VOC, CO, NOy, PMyo, SO5), Total emissions for each
aircraft type are summed to yield total commercial exhaust emissions for the facility
as shown below:

N
j=1

Where ET; = the total emissions for pollutant / from all aircraft types; E; = the
emissions of pollutant / from aircraft type j, LTO; = the number of LTOs for aircraft
type j; and N = the total number of aircraft types.

European Environment Agency / European Monitoring and Evaluation
Programme (EEA/EMEP) uses decision tree (Tier 1, Tier 2 and Tier 3) to select the
methods for estimating the emissions from aviation that applicable to all nations.
When estimating aviation emissions the following should be considered:

* use as detailed information as is available;
« if the source category is a key source, then a Tier 2 or Tier 3 method must be used
for estimating the emissions.

The three Tiers are harmonized with those specified in the IPCC 2006 Guidelines.
Table 2 summarizes the data required to use the three Tiers in terms of activity
measure and the degree of technology stratification required for the category 1 (IFR)
flights. It will often be the case that the overall emissions for category 2 and 3 flights
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are sufficiently small and the statistics available so poor, that a Tier 1 approach for
these portions of aviation is appropriate, [EEA, 2009].

The Tier 1 and Tier 2 methodologies are both based on LTO data and fuel used is
assumed equal fuel sold. The emission estimation can be made following either the
Tier 1 or Tier 2 methodology.

For estimating the total emissions of CO,, SO, and heavy metals the Tier
methodology is sufficient, as the emissions of these pollutants are dependent of the
fuel only and not technology, [EEA, 2009].

The emissions of PM4o or PM; 5 are aircraft and payload dependent. Therefore, when
estimating the total emissions of these pollutants, it may be appropriate to consider
the aircraft activity in more detail, using the Tier 2 methodology. The Tier 3
methodology may be used to get an independent estimate of fuel and CO, emissions
from domestic air traffic.

Tier 1
The Tier 1 approach for aviation is based on quantity of fuel consumption data for

aviation split by LTO and cruise for domestic and international flights separately. The
method uses a simple approach to estimate the split of fuel use between cruise and
LTO. This approach was labeled the ‘very simple methodology.

This approach considered emission pollutant SO,, CO,, CO, NO,, NMVOC, CHy,
N2O, and PM, 5. Annual emission of pollutant for each of the LTO and cruise phases
of domestic and international flights (Epaiutant) is calculated as function of activity rate
by fuel consumption for each of the flight phases and trip types (ARfuel consumption)
multiply by emission factor of pollutant for the respective flight phase and trip type
(EFpollutant)-

Tier 1 emission factors (EFpoiutant, Fuel type) assume an averaged technology for the
fleet, and knowledge of the number of domestic and international LTO cycles for the
nation. Default emission factors and fuel use (jet kerosene and aviation gasoline) are
available in EEA/EMEP Guidebook 2009, but need statistics to be split into cruise
and LTO as well as domestic and international.

Where statistics are available for fuel use and the number of LTOs by domestic and
international flights, the assumptions on LTO fuel consumption below can be used to
split these data by LTO and cruise using the following equation.

Total fuel = LTO fuel +cruise fuel
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where:

LTO fuel = number of LTOs x fuel consumption per LTO.

Sulphur content of the fuel (jet kerosene) is assumed to be 0.05% S (by mass) for
both LTO and cruise activities. PM, 5 data is equal PM4o emissions. It is inferred from
smoke data from ICAO database using the methodology described in ICAO.

Tier 2
The Tier 2 approach applies if it is possible to obtain information on LTO per aircraft
type but there is no information available on cruise distances. The level of detail

necessary for this methodology is the aircraft types used for both domestic and
international aviation, together with the number of LTO carried out by the various
aircraft types.

This approach considered emission pollutant SO;, CO,, CO, NO,, NMVOC, CHy,
N2O, and PM, 5. Annual emission of pollutant for each of the LTO and cruise phases
of domestic and international flights (Eaiutant) is calculated as function of activity rate
by fuel consumption for each of the flight phases and trip types for each aircraft type
(ARfuel consumption, aircraft type) Multiply by emission factor of pollutant for the respective
flight phase and trip type for each aircraft type (EFpoiutant, aircraft type)-

This methodology is not relevant for technology abatement approach.

Tier 3

The Tier 3 methodologies are based on actual flight movement data, either for Tier
3A origin and destination (OD) data or for Tier 3B full flight trajectory information.
These methodologies are bottom-up, flight-based, rather than top-down calculation-

based on the fuel consumed.

Tier 3A takes into account cruise emissions for different flight distances. Hence
details on the origin (departure) and destination (arrival) airports and aircraft type are
needed to use this approach, for both domestic and international flights. In Tier 3A,
inventories are modeled using average fuel consumption and emissions data for the
LTO phase and various cruise phase lengths, for an array of representative aircraft
categories.

The data used in Tier 3A methodology takes into account that the amount of
emissions generated varies between phases of flight. The methodology also takes
into account that fuel burn is related to flight distance, while recognizing that fuel burn
can be comparably higher on relatively short distances than on longer routes. This is
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because aircraft use a higher amount of fuel per distance for the LTO cycle
compared to the cruise phase.

Tier 3B methodology is distinguished from Tier 3A by the calculation of fuel burnt and
emissions throughout the full trajectory of each flight segment using aircraft and
engine specific aerodynamic performance information. To use Tier 3B, sophisticated
computer models are required to address all the equipment, performance and
trajectory variables and calculations for all flights in a given year.

Models used for Tier 3B level can generally specify output in terms of aircraft, engine,
airport, region, and global totals, as well as by latitude, longitude, altitude and time,
for fuel burn and emissions of CO, hydrocarbons (HC), CO2, H,O, NOy, and SOy. To
be used in preparing annual inventory submissions, Tier 3B model must calculate
aircraft emissions from input data that take into account air-traffic changes, aircraft
equipment changes, or any input-variable scenario.

The components of Tier 3B models ideally are incorporated that they can be readily
updated, so that the models are dynamic and can remain current with evolving data
and methodologies.

The emission factors for NOy, hydrocarbons, CO and the fuel used for all the
components of a flight (LTO cycle) are available from the accompanying spreadsheet
(EEA/EMEP Guidebook) for the representative jet and turboprop aircraft types.

There is little information available on emission factors for non-IFR flights and it is at
present not possible to recommend default emission factors. Generally, the NOy
emission factors will be lower and the CO and VOC factors substantially higher than
for IFR flights.

Fuel consumption factors for non IFR flight are given for two categories of aircraft
(Cessna and others) to be used if other information of fuel used is not available. It is
only apply to single engine aircraft only. If the aircraft is fitted with two engines (e.g.
Cessna 500), then double the fuel consumption. Ranges of emission factors are
shown in MEET (1997), [EEA, 2009].

Methodologies for Estimating air pollutant Emissions from Transport (MEET)

Project has the objectives which are to review the existing air traffic emission models
and present an emission simulation model. The model uses artificial flight profiles
and emission indices for the thirty most frequent used aircraft types in Europe and to
estimate the air pollutant emissions for the flight of an aircraft based on the duration
of specific operational states (engine start, taxi-out, take-off, climb, cruise, descent,
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landing, taxi-in and ground operations) and the corresponding specific emission
factors.

Completed in 1997, MEET describes of three main classes of air transport that can
be distinguished when analyzing its operational and emission related characteristics:

~ flights performed under Instrument Flight Rules (IFR),
» military operational air traffic,
- flights performed under Visual Flight Rules (VFR).

There are some minor overlaps between the classes. However, each category has its
own typical data set available for traffic characteristics and engine emissions.
Accuracy of data input is different for the three categories, but is their contribution to
total air transport emissions. About sixty to eighty percent of emissions originate from
IFR flights. Normally IFR flights are operated as flights controlled by Air Traffic
Services (ATS) within controlled airspace only and generally flights with civil aircraft.
Only those military flights which belong to general air traffic (GAT) are included in IFR
data. Jets, turbofans and turboprops generally represent this sort of traffic, which
typically involves big commercial aircraft flying long distances using fixed operational
routines.

Flights performed under VFR generally are not operated as controlled flights so
neither a Flight Plan nor detailed information on the route flown is available.
However, VFR flights represent less than 5 % of fuel consumption and pollution
caused by air traffic, [Kalivoda and Kudrna, 1997].

For IFR flights, emission indices (El), i.e. the mass of pollutant produced per mass of
fuel used, are provided for eight typical operational conditions, which combined to
cover most of an aircraft's operation during a flight.

The fundamental methodology to estimate the air pollutant emissions for the flight of
an aircraft is based on the duration of specific operational states/typical operational
condition (engine start, taxi-out, take-off, climb, cruise, descent, landing, taxi-in and
ground operations) and the corresponding specific emission factors. Using typical
flight profiles (for each aircraft type separately), with the common cruising altitude of
the aircraft and the flight distance being the basic parameters, the total fuel
consumption can be estimated.
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Emission factor calculation

The methodology adopted for the calculation of air traffic emissions differs for IFR
(instrument flight rules), VFR (visual flight rules) and military air traffic.

Generally, no detailed information on the flight route and height is stored in the air
control centers for VFR flights, so that only a tentative estimation of the air pollutant
emissions related to this category of flights is available. However, emissions from
VFR flights generally are emitted at lower altitudes than IFR flights, often even within
the planetary boundary layer.

The basic formula for one flight (for a specific aircraft/engine combination, i.e.,
different engine types for the same machine are treated as different aircrafts) is:

8
E = Z T;FGEl;
j=1

This formula is a compilation and reformulation of the basic approach from Kalivoda
and Kudrna (1997) by Keller and Haan, [1998], where:

e [E[g] total emission of air pollutant

J [-] index running over the 8 operational stages, i. e., taxi out, take off, climbing,

cruise, descent, landing, taxi in, ground operations.

Tj [s] duration of operational stage j

FCj [kgfuel/s] fuel consumption during operational stage j

El j [gpoll./kgfuel] emission index of pollutant for operational stage j

Emissions Index

Emission index for IFR flight for each aircraft/engine are given in Emission Index
sheet (EIS). Calculation has to be carrying out for 9 operational states (OS). Input for
the calculation using the aircraft emission index sheet for a complete mission from
airport to airport has to be:

e aircraft type,
e total distance between the two airports (e. g. distance as the crow flies, actual
route, actual rout including holding patterns),

e cruise altitude.

Additional information:

e average duration of taxi out [s]
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e average duration of taxi in [s].

Table 2. Emission Factor of MEET

Reference (g/kg) CO, | HO SO,
Els used in MEET
(annex data sheets)

3150 | 1240 | 1.000

Emission Index Sheets (EIS) were produced by MEET covering all the information
necessary for a calculation. NOy, HC, CO emission indexes and fuel consumption are
available in EIS. There are some gaps and uncertainties in knowledge on the
influence of real in flight ambient environment condition and maintenance and ageing
of engines. On the emissions as well as on the actual amount of emissions from
starting up aircraft engines, additional aircraft related ground operations like refueling
and operating APU and turboprop, piston and military engines in general.

Airport Local Air Quality Study (ALAQS)

It aims to promote best practice methods for airport Local Air Quality (LAQ) analysis
concerning issues such as emissions inventory, dispersion, and the data required for
the calculations, including emission factors, operational data, and aircraft landing and
take-off profiles.

ALAQS methodology consists of developing Pan-European emission inventory
methodology with spatial information and future application of dispersion modeling to
this inventory with use of GIS technologies. The toolset and database to support
ALAQS of European airports are:

» Pan-European ALAQS central databank for emission factors of different sources: All
related emissions factors for different pollution sources are defined and aggregated
from different sources and harmonized in Access database. This will provide the
opportunity to change or compare different emissions factors used for the same type
of sources.

* Scalable approach for developing emission inventory and dispersion modeling.

* ALAQS-AV GIS application.

Flight operations encompass the entire landing and take-off (LTO) cycle as defined
by the ICAO. Emissions of each aircraft type are computed by knowing the emission
factors for the aircraft’s specific engines at each power setting or mode of operation
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and the time spent in each mode.

The emission factors included in the ALAQS-AV emission inventory database are
CO, HC, NOy, SOx and PM4,. SO and PM1o emission factors are not included in the
ICAOQ aircraft engine database, so substitute indicative figures were used instead.

In ALAQS-AV methodology for a specific scenario, aircraft movements table is
prepared for this specific period. For each movement: date, time, aircraft type,
arrival/departure flag, gate (stand) and runway are specified. ALAQS-AV toolset uses
the movements table to calculate hourly emissions at gates, taxiways, queues and
runways.

Aircraft exhaust emissions are calculated for the following operating modes:

» Engine Start

* Taxi in and taxi out (TX, 7% thrust)
* Queuing (TX, 7% thrust)

» Approach (AP, 30% thrust)

* Landing roll (AP, 30% thrust)

* Takeoff roll (TO, 100% thrust)

* Climb-out (CL, 85% thrust)

Except for engine start emissions - aircraft engine emissions during a particular
operating mode of the Landing and Take-Off (LTO) cycle are given by the product of
the time-in-mode, the fuel flow rate and the emission index for the appropriate engine
thrust setting engaged. Data is extracted from the system database. (i.e. aircraft-
engine combination, number of engines etc.). The equation is shown below:

ACe = FF, 40 X EFpoge X T X N

where ACe=Aircraft total engine emissions, per landing-takeoff (LTO) cycle;
FFmode=Fuel flow rate (kg/s) per engine in mode; EF,.se=Emission factor (kg/kg) per
engine in mode; T=Time-in-mode (s); N=Number of engines.

The ALAQS project approach is based on delivering case study reports, guidance
material, a database of default parameters for European LAQ, and the ALAQS-AV
toolset. The case studies are used to raise awareness among the airport operators
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and serve to study the merits and sensitivities of different inventory and dispersion
methods. The studies may be based on actual or predicted traffic. Typical air quality
assessment; consist of emission inventory and spatial allocation, dispersion
modeling, determination of background concentration and, visualization of the
results. ALAQS methodology consists of developing Pan-European emission
inventory methodology with spatial information and future application of dispersion
modeling with use of GIS technologies.

For ALAQS dispersion modeling studies it is initially focus on using the Lagrangian
dispersion model that already exists in LASPORT (LASAT)".

Sourdine Il project objectives was to propose and evaluate new innovative
procedures for reducing the impact of emission and aircraft noise on the ground.

For the emission assessments of the Sourdine Il (SII) NAPs, a specific tool called
Thrust Based Emission Calculator (TBEC) has been developed. This tool calculates
aircraft emission levels associated to a given INM-like flight profile, on the basis of
the ICAO Engine Exhaust Emissions Data Bank.

Thrust-Based Emission Calculator

The Thrust-Based Emission Calculator (TBEC) is a Microsoft Access application
which has been specially developed for Sourdine Il in order to calculate aircraft
emissions (HC, CO, NOx, SO, CO,, Hy0, VOC, and Total Organic Gas (TOG)
resulting from the different Sl procedures. It uses the ICAO Engine Exhaust
Emissions Data Bank, which provides, for a large series of engine types, fuel flow
(kg/s) and emission indices (g/kg of fuel) at four specific engine power settings (from
idle to full take-off power). The overall principle of TBEC consists of calculating (by
interpolations) emission levels, based on the actual thrust along the vertical fixed-
point profiles associated to the SlI procedures.

The emission level of pollutant ELse4 is expressed as:

Pseg_Pi
Py — P

ELseg = ATSeg X EF:veg(Pi) +

(EFseg (i) = EFig(P)]

EF:veg(Pi) = EI(Pl) X FEveg

CNTyg

Py =————F % 100
%9 " Max StaticThrust

Where: EFsc4(Pi)=the emission flow for the segment associated to power setting P; (in

"A program system for the calculation of airport — related pollutant emissions and concentrations in the lower atmosphere,

was developed in 2002.
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g/s); Pi=one of the tabulated engine power setting for which emission indices are
provided in the data bank (7%, 30%, 85% or 100%); EI(P;)=the emission indices
associated to power setting P; (in g/kg of fuel); Pseg=the segment-specific power
setting (%); CNTseg=the average corrected net thrust (Ib) on the segment, calculated
using the input CNT values at the two end-points of the segment; MaxStaticThrust
=the engine-specific maximum sea level static thrust, available in the INM database
(Ib); ELseg=the emission level of the pollutant produced on the segment (g); ATseg=the
duration (in seconds) of the flight segment. ATseq is calculated using the distance
between the two end-points of the segment, divided by the average speed of the
aircraft on the segment; P; and Pi.y are the two tabulated power setting values
bounding Pseq (%), {Sourdine 11, 2005].

To calculate emission levels of different pollutants, it is necessary to have fuel flow
information along the flight profiles. It was originally planned to approximate these by
interpolations on input thrust values, as the ICAO databank provides fuel flow data
associated to specific power settings. However, the International Civil Aviation
Organization Committee on Aviation Environmental Protection (CAEP)’'s Modeling
Working Group (WG2) considered that estimating fuel flow based on thrust was
unsatisfactory without having a greater knowledge of individual aircraft/engine
performance parameter.

The TBEC tool remains a prototype with several limitations. Further investigations
need to be carried out in order to refine and validate its modeling principles. Emission
results produced with such a tool should therefore be taken with caution and
analyzed in a relative way (i.e. relative variations of emission levels between the SlI
procedures and a baseline/reference procedure).

The limitation of TBEC is that it does not take into account the variation of the
emission indices with altitude due to temperature and pressure changes. Indeed, the
ICAO databank provides emission indices for International Standard Atmosphere
(ISA) conditions; these are, however, assumed to be valid for altitudes below 3,000 ft.
Another limitation is due to the assumption that emission indices vary linearly with the
thrust level, which is obviously not the case in real life.

CO,, SO, and H,O emission levels are directly proportional to the calculated fuel
burn and are estimated using the following emission coefficients:
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Table 3. Emission Factor from Sourdine Il

Reference (g/kg fuel) | CO, | H,O SO,
Emission Indices 3149 | 1230 |0.84

Artemis project "Assessment and reliability of transport emission models and
inventory systems"

It proposed to combine the experience from different emission calculation models
and other research in order to arrive at a harmonized methodology for emission
estimates at the national and international level.

The project developed a harmonized emission model for all transport modes, which
aims to provide consistent emission estimates at the national, international and
regional level. This requires first of all additional basic research and a better
understanding of the causes of the differences mainly with respect to emission
factors.

This project applied existing knowledge and closed some of the major gaps for
updating the existing emission database (primarily MEET data) for the influence of
maintenance and ageing of engines on emissions, aircraft/engine combinations not
covered in the current database, e.g. turbo props, new airframes or former Soviet
aircraft and allocation of emissions.

The original MEET data is used in a software tool called AvioMEET based on the
data published in the Emission Index Sheets of MEET. However the inventory tool
AVIOMEET includes already some improvements:

e Some more aircraft types are added like Boeing B737-400,
B737/500/600/700/800, B747-400, ATR42, ATR72, BAe 146

e Emission Indices were harmonized with ANCAT/EC2 data within United Nations
Economic Commission for Europe (UNECE) Emission Inventory Guide Book

e Fuel consumption and emissions for climb to 3000 ft and final approach down
from 3000 ft which is necessary to calculate ground related emissions are added
for COST 319 category

e Fuel consumption and emissions for climb to 3000 ft and final approach down
from 3000 ft which is necessary to calculate ground related emissions are added

for ICAO category.
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AViOMEET generated emission profile for the component CO,, H,O, SO,, NOy, CO
and HC. The minimum input data to generate such an emission profile is aircraft
type, number of aircraft (of this type) on this mission, distance of mission in km.

For measurement methodology, ARTEMIS was used two methods: Intrusive method
and Non Intrusive method. In intrusive method and Non intrusive method they used
Fourir transform infrared (FTIR) spectrometer.

AVioMEET inventory tool cannot be used to estimate emissions properly according to
Kyoto Protocol option 8 (Allocation to the Party of emissions generated in its national
space and 3D methodology). Only MEET methodology and its emission function can.
Measured NOx emission indices are lower than given by the ICAO from certification
measurements. There is a high variance of emission indices for each engine type
during idle conditions.

Emission indices for main engines are measured of nearly 100 different aircraft,
measured by FTIR emission spectrometry. All measurements were performed during
summertime (mean air temperature about 20°C). Only the measurements of some
B747-236, B747-436, and B777-236 were in March 1999 with temperatures around
11°C.

AERONET Il with regard to aircraft emissions and reduction technologies provides

the tools to:
- exchange information gathered in the different aviation emissions-related projects of

the Sixth Framework Program in Aeronautics, related projects in the Atmospheric
Research Program, and in other areas such as transport or energy;

- raise the level of personal and corporate knowledge and confidence within the
community;

- identify gaps in knowledge and needs for further research and development, and
facilitate the development of the appropriate research proposals;

- support interdisciplinary relationships and increase knowledge through joint actions
such as workshops, meetings, studies and reports;

- support the policy and regulatory process by utilizing the potential of the AERONET
[l forum to generate policy-relevant material.

This project still ongoing and has not provided the result yet.
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Additional and open studies

There have been a few studies of aircraft emissions. Some of these studies focused
on measurement of aircraft emissions using remote sensing and Fourier transform
infrared (FTIR) emission spectroscopy (Heland and Schafer, 1998; Schafer, 2001,
Schafer et al., 2003) and using visible spectroscopy from aircraft for measuring
reactive nitrogen emissions from point source (Melamed et al., 2002). Other studies
focused on modeling the local and regional impact of aircraft emissions.

Moussiopoulos et al. (1997) quantified the potential impact of emissions from a
planned airport on the Athens basin using an Eulerian dispersion model. They
showed an increase in NOx concentrations in the vicinity of the airports, though the
contribution to regional air quality was found to be minimal.

Dameris et al. (1998) a first approach to estimate the sensitiveness of the
atmosphere on aircraft NO, emissions using the coupled 3-D dynamic-chemical
model ECHAM3/CHEM. The results demonstrate the global 3-D effects of aircraft
NOy emissions on the atmosphere and, therefore, stress the need of 3-D modeling. A
valuation of the model results must consider that the emission data sets, especially
from other sources than aircraft, still have large uncertainties. The impact of other
aircraft emissions i.e. water vapor, carbon monoxide and dioxide, sulphur oxide or
soot not yet considered in this investigation.

Plummera et al. (2001) were used regional-scale models to assess the effects of
various hydrocarbon and NOx emission control strategies on ozone concentrations
(e.g. NOx/VOC-SP, 1997). These models calculate the effects of chemical and
physical processes on trace species distributions and require as input, spatially and
temporally distributed estimates of the emission of hydrocarbons and NO.

Yu et al. (2004) utilized the nonparametric regression method to estimate the
average concentration of pollutants such as sulfur dioxide (SO;) and carbon
monoxide (CO) as a function of wind direction and speed near Hong Kong and Los
Angeles airports based upon observational data. However, their monitoring sites
were very close to highways and were most likely affected by roadway vehicle
emissions. Although their method might be useful to determine the impact of
pollutants emitted solely from airport operations, it would not be accurate enough for
others particularly if chemical reactions play an important role.

Pison and Menut (2004) quantified the impact of aircraft emissions on ozone
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concentrations over the Paris area. For this purpose they used a mesoscale air
quality model, CHIMERE, with 150 x 150 km? resolution and a vertical extension of
3100 m. They found that, during the night time, ozone levels decrease as much as 10
ppb in the vicinity of airports due to the titration effect of NOx emissions from aircraft.
During the daytime, ozone levels increase as much as 10 ppb in NOx limited areas.
None of these previous studies quantified the impact of aircraft emissions on fine
particulate matter (i.e., particulate matter with aerodynamic diameters less-than 2.5
mm, PM;5).

Unal et al. (2005) quantified the impact of aircraft emissions on regional air quality,
especially in regards to PM,5 and ozone, focus on the Hartsfield—Jackson Atlanta
International Airport which is the busiest airport in the world based on passenger
traffic. A comprehensive modeling approach was taken to assess the impact of the
Hartsfield—Jackson International Airport. First, aircraft PM,s emissions were
estimated using a first-order approximation where emission rates are a function of
Smoke Number (SN) and fuel flow rate for different engine types in different modes
of operation.

Gauss et al. (2005) presented results from an extensive model study performed for
the TRADEOFF project focusing on the environmental impact of aircraft emissions
and options to reduce the impact for present conditions (year 2000) and on the
impact of aircraft emissions in a future (year 2050) atmosphere. They have used a 3-
D chemical transport model including comprehensive chemistry schemes for the
troposphere and the stratosphere in order to take into account all chemical processes
relevant for the upper troposphere and lower stratosphere region (UTLS). Significant
perturbations in NOy and NOy are modeled in the tropopause region of the Northern
Hemisphere with a strong zonal variability in the case of NO.

Kesgin (2005) deals with estimating aircraft landing and take-off (LTO) emissions
(HC, CO, NOy, SO,) at 40 Turkish airports including the biggest airports, i.e. Ataturk
International Airport (AIA) in Istanbul, Antalya Airport in Antalya and Esenboga
Airport in Ankara in 2001. The calculation model is based on flight data recorded by
the State Airports Authority and using MEET methodology. The flight data include the
type and number of aircraft, number of passengers, amount of cargo etc., which
depend on day-time and date. For the emission calculations the ICAO Engine
Exhaust Emission Databank, which includes minimum and maximum values for both
fuel flow rates and emissions factors, is used. By using first the minimum and the
maximum values from the data bank, two estimations of aircraft LTO emissions at
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Turkish airports are calculated: i.e. minimum and maximum estimations. Total LTO
emissions from aircrafts at Turkish airports are estimated to be between 7614.34 and
8338.79 t/year. These results are comparable with those from USA airports.
Approximately half of these amounts are produced at AIA. To predict future
emissions, it is estimated that an increase of 25% in LTO cycles might cause a rise of
between 31 and 33% in emissions. The estimations show that a decrease of 2 min in
taxiing time results in a decrease of 6% in LTO emissions. The estimation model
used in this study can be used for expansions and planning of airports from an
environmental point of view.

Sidiropoulos et al. (2005) calculated emission factor for selected airports in Greece
following the analytical methodology incorporated in the EMEP/CORINAIR
Atmospheric Emission Inventory guidebook. This process considered the topography
of each airport and consequently the different times in mode within the LTO cycle.
Time in mode of each aircraft engine is derived from the ICAO Engine Exhaust
Emission Databank and so emissions are estimated per time in mode for each
aircraft. Emission estimations were performed following both the simple and the
detailed methodology. A comparison between the outcome of the two methodologies
shows that the simple one tends to overestimate emissions, which are 9.05 times
higher in the case of VOCs emissions (Rhodes airport), while in the case of CO are
3.86 times higher (Thessaloniki airport). Only in the case of NO, the methodologies
seem to have a good agreement. These deviations can be mainly attributed to the
fact that in the detailed methodology the actual operational times in mode used are
significantly lower than the standard times of the simple methodology. LTO cycle
lasts 24.2 min at Kavala airport, 24.7 min at Rhodes airport and 21.9 min at
Thessaloniki airport, while the standard LTO cycle duration is considered 32.9 min for
all airports. The local topographical condition and the air traffic composition which
vary from airport to airport influence the total emissions in each airport. The detailed
methodology calculated operational time in mode representative of each airport, thus
providing a higher degree of accuracy in the resulting emissions.

Morris and Buttress (2005), used ICAO methodology to calculate the total NOy
emissions from aircraft during Engine Ground Running for the whole of Heathrow
airport as approximately 15.6 tons per annum, with the majority being emitted in the
airport’s Engineering Base (excluding ground run pens, 4.2 tons per annum), and the
two dedicated ground run pens: TE1 “Tristar” pen (3.3 tons per annum) and TA9 (6.3
tons per annum). British Airways ground runs contribute about 80% of this total. For
the period December 2000 and September 2005, British Airports Authority (BAA)
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recorded statistics for the number of engine ground run tests per month, show little
variation in the number of runs per month for engine runs at ground idle power
settings, and a decline of about 25% for “high power” runs above ground idle.

Anderson et al. (2006), they report selected carbon species emission indices (Els) for
a Rolls Royce RB211-535-E4 turbofan engine that were acquired during the National
Aeronautics and Space Administration (NASA) Experiment to Characterize Aircraft
Volatile Aerosol and Trace-species Emissions (EXCAVATE). The mission focused
upon characterizing the exhaust constituents of the NASA Boeing 757 aircraft during
ground-based operation. Carbon species concentrations were determined by
chromatographic analyses of whole air samples collected 10m behind the engine exit
plane as engine power was varied from ground idle to about 60% of maximum rated
thrust.

Graver and Frey (2009) was created an airliner emissions inventory for Raleigh-
Durham International Airport, based on landing and take-off (LTO) data for
commercial passenger air carriers for 2006. The emissions from each airliner were
determined using engine emissions databases. The total emissions (HC, CO, NOx)
were estimated from commercial aircraft at RDU for 2006.

Wayson et al. (2009) discuss related assumptions and derived equations for the First
Order Approximation (FOA) 3.0 methodology used worldwide to estimate PM
emissions from certified commercial aircraft engines within the vicinity of airports.
The methodology uses the latest scientific information available and unlike previous
methods is restructured in a flexible manner to accommodate new scientific
advancements as they become available.

FOA3.0 provides a greater confidence in the estimation of PM from certified
commercial aircraft at airports. These estimations provide a means to analyze the
emissions and the effects in changing operations or aircraft types. Teamed with
dispersion models, FOA3.0 can also permit evaluations compared with standards or
regulations that are health-based. FOA3.0 results are intended strictly for airport
operations inventory purposes at this time, but future work has been identified to
continue to increase the accuracy, applicability, and confidence in the FOA
methodology. Once an accepted, repeatable method for direct measurement of PM
emissions is established and today’s fleet is sufficiently represented, the FOA
methodology will eventually become obsolete.

Rapport INRETS-LTE 1010 39



Combined effects of Aircraft Noise and Pollutant Emissions

Comparison of methods

ICAO and EEA/EMEP have three approaches to quantifying aircraft engine
emissions. The Approaches are Simple Approach, Advanced Approach and
Sophisticated Approach for ICAO and Tier 1, Tier 2 and Tier 3 for EEA/EMEP.
These approaches are depending on the level of accuracy or complexity need.

Simple Approach is more detail compared Tier 1, Simple Approach specific data
required are the number of aircraft movements (over a certain period such as a year)
and the type of each aircraft involved in each movement. This approach does not
utilize engine-specific emissions data but uses the most common type of engine in
operation internationally for that aircraft type. The emissions factor is provided in
terms of kg of each emission species per LTO cycle per aircraft. These have been
calculated based on the representative engine type for each generic aircraft type and
using ICAQO TIM, thrust settings and other basic assumptions.

The Tier 1 approach is based on the premise that data on the quantities of fuel sold
for aviation use are available, most probably from nationally collected data. It also
assumes that the annual quantity of fuel used is the same that sold. The Information
on the country's total number of LTOs needs to be available, preferably also the
destination (long and short distance) for international LTOs, together with a general
knowledge about the aircraft types carrying out aviation activities.

The Advanced Approach represents a more accurate estimation of aircraft engine
emissions compared to Tier 2 because it attempts to account for the specific engine
model on the aircraft under study. Further, because each mode of the LTO cycle will
be calculated individually, the practitioner has the option to add aircraft-specific
operating times for the taxi/idle mode according to the unique taxi-way characteristics
linking the terminal area with the runway ends.

The Tier 2 methodology is a top down (fuel sold) methodology that uses statistics on
aviation fuel consumption (split by domestic and international). To split the fuel use
by LTO and cruise detailed LTO activity and knowledge of aircraft fleet composition
are needed to provide a more accurate inventory as opposed to using only average
emission factors per mass of fuel used (the Tier 1 approach). The Tier 2
methodology should include all types of aircraft frequently used for domestic and
international aviation.

The Sophisticated Approach has greater level of accuracy; the actual and refined
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data required for the analysis is obtained from real-time measurements, reported
performance information and/or complex computer modeling outputs. At a high level,
these data and information characterize the actual fleet composition in terms of
aircraft types and engine combinations, TIM, thrust levels, fuel flows and possibly,
combustor operating conditions for all phases of ground-based and take-off
operations. This approach is almost similar to Tier 3 methodology. The Tier 3
methodologies are based on actual flight movement data, either for Tier 3A origin
and destination (OD) data or for Tier 3B full flight trajectory information. Hence these
methodologies are bottom-up, flight-based, rather than top-down calculation-based
on the fuel consumed.

EPA emission calculation is based on the weighted-average emission factor that
represents the average emission factor per LTO cycle for all engine models used on
a particular type of aircraft. This method is almost similar to the ICAO methodology.
The differences is only in the emission factor calculation, EPA used the emission
factor for each pollutant in pounds of pollutant per 1000 pounds of fuel (or kilograms
pollutant per 1000 kilograms fuel), for each engine model and operating mode. Total
emissions for each aircraft type are computed by multiplying the emissions for one
LTO cycle by the number of LTO cycles then summed to yield total commercial
exhaust emissions for the facility.

The pollutant emissions considered by ICAO is almost similar to EEA/EMEP and
EPA. ICAO considers the pollutant emission of NOy, CO, HC, SO,, CO,, SOy. Whilst
EEA/EMEP considers pollutant emission of CO, NO,, NMVOC, CH4, N2O, PMys,
COz, SO,, PM1o and pollutant emission of VOC, NOy, CO, SO considered by EPA.

ALAQS and MEET, they are using almost the same method created by the ICAO, but
not all of them only partially. ALAQS describes flight operations encompass the entire
landing and take-off (LTO) cycle as defined by the ICAO. Emissions of each aircraft
type are computed by knowing the emission factors for the aircraft’s specific engines
at each power setting or mode of operation and the time spent in each mode. In
ALAQS methodology for a specific scenario, aircraft movements table is prepared for
this specific period. For each movement: date, time, aircraft type, arrival/departure
flag, gate (stand) and runway are specified. ALAQS has a toolset calculate hourly
emissions at gates, taxiways, queues and runways. The advantage of using ALAQS
is that ALAQS Emission inventory methodology can be developed with spatial
information and future application of dispersion modeling to this inventory with use of
GIS technologies. But ALAQS is used only for calculating Total engine emissions in
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LTO cycle defined by the ICAO. And there are some uncertainties about the
accuracy or the consistency of the data used. For example for emission inventories it
is important to gather all the necessary information about the pollution sources, their
operations and, appropriate emission factors.

Whilst MEET uses emission factors are based on engine certification data in the
ICAO Engine Exhaust Emission Databank. It contains data sets of thrust (engine
performance), fuel flow and emissions of components CO, NOx and VOC which
apply to four different power settings. The methodology and data set provided will
enable users: to build air traffic emission inventories for a region (spatial resolution >
10 km), to assess the impact of changes in the number of aircraft movements, to
assess impacts from changing the distance flown (e.g. reducing time spent in holding
patterns). The advantage of using MEET methodology is that MEET can be used for
calculated air traffic emissions not only local but also regional region. The MEET
methodology is also used by ARTEMIS. For inventory tools, ARTEMIS used UNECE
methodology and AvioMEET but those inventory tools cannot be used to estimate
emissions properly according to Kyoto option 8.

Sourdine Il has innovative procedures assed emission from aircraft using specific tool
called TBEC. TBEC calculates total fuel burn and total emissions of CO, NOy, SOy,
CO,, H20, VOC and Total Organic Gases (TOG). The overall calculation principle
consist of estimating the fuel burn and emission level produced by each segment and
summing them (over the flight profile) to obtain the total fuel burn and emission of
each pollutant. The limitation of TBEC is that it does not take into account the
variation of the emission indices with altitude due to temperature and pressure
changes. Another limitation is due to the assumption that emission indices vary
linearly with the thrust level, which obviously not the case in real life.

Heland and Schafer have been measured aircraft pollutant emission by using remote
sensing and FTIR emission spectroscopy and Anderson et al. by using
chromatographic analysis of whole air samples collected 10m behind the engine to
determine Carbon species concentration.

Various methods in some studies have been used to quantify the impact of
emissions. For quantifying NOyx emission Moussiopoulous et al. used an Eulerian
dispersion model, Pison and Menut used a mesoscale air quality model (CHIMERE)
with 150 x 150 km? and a vertical extension of 3100 m, Dameris et al. used the
coupled 3D dynamic chemical model ECHAM3/CHEM, Gauss et al. used a 3D
chemical transport model and Plummera et al. were used regional scale model. Yu et
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al. utilized the non parametric regression method to estimate the average
concentration of pollutants such as SO, and CO as a function of wind direction and
speed. Unal et al. used first order approximation for assessing PM, 5 emissions in
different mode operations. Kesgin estimated aircraft LTO emissions (HC, CO, NOX,
SO,) at Turkish Airport and Ataturk International Airport in Istanbul based on flight
data recorded by the State Airports Authority and using MEET methodology. Wayson
et al. used and discuss related assumptions and derived equations for the First Order
Approximation (FOA) 3.0 methodology to estimate PM emissions from certified
commercial aircraft engines within the vicinity of airports. Sidiropoulos et al.
calculated emission factor for selected airports in Greece following the analytical
methodology incorporated in the EMEP/CORINAIR Atmospheric Emission Inventory
guidebook. This process considered the topography of each airport and consequently
the different times in mode within the LTO cycle. Time in mode of each aircraft
engine is derived from the ICAO Aircraft Exhaust Emission Databank and so
emissions are estimated per time in mode for each aircraft. Emission estimations
were performed following both the simple and the detailed methodology.
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RESEARCH METHODOLOGY

Activities that Have Been Done and to Be Done

It has been showed that the varieties of different systems have been and are being
used for assessment of aircraft pollutant emission both historically and around the
world. The use of different and separate methodology causes a wide variation in
results of emission indexes.

The common approach to the assessment of aircraft pollutant emission would be
beneficial in order to allow easy comparison of pollutants around different airports
throughout the world. It would be beneficial for similar criteria to be adopted
internationally. Emission factor used by organizations, studies and projects for
aircraft pollutants assessment is commonly based on the ICAO engine exhaust
emission database that contains data sets of thrust (engine performance), fuel flow
and component emissions.

The various organizations in the EU and the United States, the fundamental
approach to analysis and management or control of aircraft pollutant emissions are
almost similar. They used the methodology to calculate pollutant emission by using
the LTO cycle method that provided by ICAO.

Each methodology of some organizations, projects and studies has the advantages
and disadvantages method. To choose which the best method can be used to
calculate/estimate the pollutant emissions from the aircraft precisely is difficult to
decide and need to prove.

There are some methodologies to choose which one the most accurate method for
assessing aircraft pollutant emissions can be used, such as Multi-criteria Decision
Making, Analytical Hierarchy Process, etc. We have reviewed some of methods, the
methodology for assessing aircraft pollutant emissions that more representative in
this project is the MEET methodology that because of some criteria such as emission
factors used are based on engine certification data in the ICAO Engine Exhaust
Emission Databank that contains data sets of thrust (engine performance), fuel flow
and emissions of components CO, NOx and VOC which apply to four different power
settings and data set provided will enable users: to build air traffic emission
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inventories for a region (spatial resolution >10 km), to assess the impact of changes
in the number of aircraft movements, to assess impacts from changing the distance
flown (e.g. reducing time spent in holding patterns) and also the advantage of using
MEET methodology is that MEET can be used for calculated air traffic emissions not
only local but also regional region. This methodology is also used by Kesgin study
and ARTEMIS project.

In the future, technology will continue to play a significant role in reducing the
pollutant emissions around airports. Advances in future technologies become
candidates for gradual adoption into derivatives of existing production aircraft and the
next generation of airliners. Some concepts, such as improved wing tip devices and
smoother surface areas, can be considered for derivatives of existing designs.
Advanced weight reduction technologies, aircraft control systems, and airframe
concepts such as Blended Wing Body could be developed for more futuristic concept
approach. Fuel efficiency improvement and aircraft efficiency increases will expect
decrease the aircraft pollutant emissions from air traffic.

Research Plan Activity in the 1% Year

First Year

No | RESEARCH ACTIVITIES
1/2(3[{4(5]/6|7|8 |9 |10 11 12

Activities at Ul:

1 Aircraft emissions inventory and
comparison with already
implemented solutions showing
the interest and the stakes of this
research.

Activities at UI and INRETS:

2 State of the art: aviation and the
environment / the balance
approach of ICAO
Research Team at UI:

3
INRETS research team will come

4 to Indonesia in autumn 2010 and
or April 2011. Research Team
arranges strategy for the PhD
objectives and the future prospect
Activities at UI and INRETS:

5
Ul research team will visit

6
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INRETS in December 2010.

Activities at Ul and in INRETS:

7 Identification of methods
assessing and measuring noise
and pollutant emissions. Have to
be analyzed the benefits of the
incoming  aeronautical  fuels
combined with the new aircraft
design and engines. What are the
impacts compared to the previous
aircraft fleet?

Activities at UI and INRETS:

8 Development of new method
based on  fuzzy  network
combining noise and pollutant
emission  factors  calculation.
Theoretical tools have to be
finalized this year.

Activities at Ul and INRETS:

9 Development of new method
based on  fuzzy  network
combining noise and pollutant
emission  factors  calculation.
Theoretical tools have to be
finalized this year.

Seminars and Publications of

10
research results

Research Plan Activity in the 2" Year

Second Year

No | RESEARCH ACTIVITIES
1{2/3[4|5/6]7 |8]9 |10 11 12

Activities at UI:

Activities at Ul and INRETS:

2 Algorithm and method have to be
developed to solve the fuzzy
network problem with the answer
to the following question: how to
obtain an accuracy solution that
should be implemented in-flight to
manage noise and pollutant
emissions

Activities at UI and INRETS:

3 Cont.
Activities at UI and INRETS:
4 The new model has to be achieved
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taking into account air traffic

INRETS Research Team will visit
Ul in Indonesia in autumn 2010
and or April 2011. Research Team
arranges strategy and objectives
for the in-site validation of the

incoming demonstrator

Activities at UI and INRETS:

6 Dispersion modeling calculation
development on the basis of
EDMS or other available software
has to be used to validate the
developed method

Ul Research Team will visit

7 INRETS October? 2011 to ??
Activities at Ul and INRETS:

8 Cont.

Activities at Ul and INRETS:

o Prepare written report of the
second year research. Write paper
for international publication.
Seminars and Publications of

10

research results

Research Plan Activity in the 3™ Year

Third Year

No | RESEARCH ACTIVITIES
12|34 |5[6[|7 89|10 11 |12

Activities at UI and INRETS:

Explore the latest international research

Activities at Ul and INRETS:
2 Analysis of results and data collection
for validation step

Activities at Ul:

INRETS Research Team will visit UI to
arrange strategy for implementing

method and its validation
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Activities at Ul and INRETS:
5 Analysis of results and data collection
for validation step

Activities at INRETS:

6 UI research team will visit INRETS to
establish
Activities at UI and INRETS:

7 Analysis of results and data collection

for validation step
Comparison of the obtained results.

Activities at UI and INRETS:
8 Analysis of the obtained results and data
collection for validation step

Activity at Ul and INRETS:

Write Report of the third year research

Seminars and Publications of research
10

results

Novelty of Research

State of the art of this research is a combination effect of aircraft emission between
pollutant emissions and noise emissions. Nowadays, there is no paper to study about
a combination impact from aircraft emissions. There have been a few studies of
aircraft pollutant emissions and aircraft noise monitoring done separately. Some
studies focused on measurement and the others focused on modeling and
assessment. They used some methodology for assessing aircraft pollutant emissions
and aircraft noise separately.

Outputs

The outputs to be achieved in the first year of research are:

a. Two preliminary reports

b. Two to three publications of research results in the form of seminars and articles
in international journals.
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Budget proposal

BUDGET PROPOSAL

Cost Recapitulation to Conduct Research in the 1% Year

DIKTI French Embassy
No | ITEMS Total Total
Total (Rp) %
(Rp) (Euro)
1 Honorarium 60,000,000,- 30
Material and  Research
2 supporting 59,955,000,- 30
3 Mobility 37,520,000,- 19 64,500,000,- 5000
4 Data, Report, etc 40,000,000,- 20
Total amount 197,475,000,- 100 64,500,000,- 5000
Total first year Rp.261,975,000,-

Honorarium for Indonesian Researcher

Hour Honorarium Total
No. | Research Team No | (Week) (Hour) Week | Total (Rp)
1 Main Researcher 1 12 50,000 40 24,000,000
2 Senior Researcher 1 10 45,000 40 18,000,000
4 Supporting staff 3 10 20,000 30 18,000,000
60,000,000
Material and Research Supporting
Unit Price Sub-Total
No. | ITEMS Unit Vol
(Rp) (Rp)
1 227? pc 1 7? 27?7720
2 227? pc 1 77? ??72,000
3 Color Cartridge pc 5 275,000 1,375,000
4 Black Cartridge pc 5 250,000 1,250,000
5 HVS A4 pack 8 35,000 280,000
6 Blank CD Pc 20 15,000 300,000
Communication and
7 Internet Connection Is 10 200,000 2,000,000
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8 Stationary Is 1 1,000,000 1,000,000
9 Photocopy Is | 750,000 750,000
Total 59,955,000
Mobility

Mobility for Ul ResearchTeam to INRETS under DIKTI financing support.

Unit Price | Sub-total
No Items Unit Vol
(Rp) (Rp)
Ticket flight (2-ways) for UI
Researcher to INRETS-France person ) 15,680,000 31,360,000.-
1 (USD 1600)
Train - Ticket (2-ways): Airport | 0 |2 | 2,580,000 5,160,000,-
2 CDG-Lyon (200 Euro)
Local transport to Bandara person ) 500,000 1,000,000.-
3 Soekarno Hatta PP and Airport tax.
Total 37,520,000,-

INRETS Research Team to Ul under French Embassy financing support

Sub-total
No | Items Unit | Vol Unit Price
Ticket flight (2-ways) for | Perso Rp.15,480,000,- Rp.30,960,000
1 INRETS Researcher to Ul n 2 (1200 Euro) (2400 Euro)
Train ticket (2-ways) from | Perso Rp.2,580,000,- Rp.5,160,000
2 Lyon to CDG Airport n 2 (200 Euro) (400 Euro)
Accommodation for 2 Ul
Researcher at INRETS-Lyon- | Perso 20 Rp.1,419,000,- Rp.28,380,000
4 France for 10 days. n-day (110 Euro) (2200 Euro)
Rp.64,500,000
Total (5000 Euro)
Data, Report for Indonesian Researcher
Unit Price
No. | Items Unit Vol Sub-total (Rp)
(Rp)
1 Mid Report set 8 75,000 600,000
2 Final Report set 8 125,000 1,000,000
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3 Attend to Seminar person 3 1,000,000 3,000,000
4 Focus Group Discussion set 1 15,400,000 15,400,000
person-
Accommodation for 2 researcher day 20 1,000,000 20,000,000
5 from INRETS at UI for 10 days
Total 40,000,000

Remark: 1 EUR = Rp. 12900 and 1 USD = Rp. 9800,-
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APPENDIX

Memorandum of Understanding

@'HETS)
e
Univerzity of ndonazia
Memorandum of Understanding
between
UNIVERSITAS INDONESIA
University of Indonesia
and
INSTITUT NATIONAL DE RECHERCHE SUR LES TRANSPORTS ET LEUR
SECURITE

MoU is a available agreement at INRETS and Ul administrations
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Facilities

Research activities will be conducted at the Laboratory of Environmental in Civil
Engineering Department of Universitas Indonesia (Ul) and the INRETS-Transports
and Environment Laboratory, Bron Cedex 69675 in France. Laboratory facilities to be
used are testing equipment and software owned by Ul and INRETS.

1. Laboratory: Describe the facilities to be used, including the capacity, the ability,
and the importance of the equipment in supporting the research activities (in
percentage). If any, explain the required coordination with other related institution.

This project aims to develop more extensively the scientific exchanges and
excellence between the two research laboratories of the two countries. In particular,
these works and exchanges should be developed through the organization of several
internships for high-school students on the above topics, and which should be
managed jointly by the French and Indonesian partners to favor the bilateral
partnership. Ideally, a PhD thesis and two Master students should be proposed (at
the issue of a first period). For this project, we will use software and processing
facilities already available in the laboratory presented below:

Transports and Environmental laboratory presentation: The two main environmental

nuisances that have been studied for a long time at LTE (Transport and Environment

Lab) are:

e Noise: which is the main environmental nuisance experienced by the citizens
(information confirmed by the national survey carried out by LTE in 2005-2006).

e Air pollution and greenhouse gases, considering their major impacts on health
and climate.

LTE also develops its scientific skills to study jointly all the environmental nuisances
from transport aiming to develop decision making tools

Regarding these nuisances, the research works carried out at LTE mostly aim at:

¢ Qualifying the environmental and energy impacts (road, railway and airplanes):
understanding of the phenomena, characterizing and quantifying emissions,
assessing impacts (perception, effects) by means of measurements, models,
experiments and field surveys.

e Developing, assessing and optimizing solutions aiming at reducing environmental
nuisances and energy consumption.

Concerning the energetic and environmental impacts of transport, researches

address:
» The knowledge of the vehicle fleets, traffic conditions, and vehicle usage
= The emission laws (pollutants, noise and vibration)
» The energy consumption and greenhouse gas emitted by vehicles
= The perception and effects of these nuisances on man
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Concerning the solutions aiming at improving the quality of the environment, the

research work focus on:
= The energy optimization and the reliability of vehicles equipped with innovative
motors (hybrid, electric...)
= The reduction of greenhouse gas, air pollutants, noise and vibrations,
= The social demand for the reduction of nuisances and the acceptability of the
potential solutions

These research works are mostly part of the 1% Axis of the 4-year INRETS research
program. They are carried out by four teams involved in social and human sciences
as well as engineering sciences.

In accordance with the INRETS objectives, these research works aim to produce
scientific knowledge and know-how that provide assessment tools to the public
authorities and that contribute to build and to improve regulations. The results of
these research works are also intended for the industry and to the operators of
transport for the development of solutions that fit well with the environment.

LTE employed about 45 people, divided into 4 research teams:

- Physical Accoustics: activity research on noise emission and vibrations from
transport

- Energy and air pollution: activity research to characterize air pollutant emissions
and their physical impacts

- Electric and Hybrid vehicles: activity research aiming to assess, optimize and
make reliable low emission and energy consumption vehicles

- Perception, acceptability and behaviors: activity research on perception of
environmental nuisances and acceptability of solutions and public policies.

2. Additional Information: Additional information about the situation where the
activities will be conducted. Mention also the supporting facilities, including
workshop, which can be useful during the research time.

Students have to spend 50 % of the time in INRETS and 50 % in UL.
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Letter of the project acceptance by Indonesian Ministry of Education

PR KEMENTERIAN PENDIDIKAN NASIONAL
DIREKTORAT JENDERAL

PENDIDIKAN TINGGI
Gedung DIETI Lantai 4 J1. Jenderal Sudinnan Pmtu I Senayan, Jakarta 12001
Telepon: (021) 57946100 Ext. 0433 Fales. (021) 5731846 hetp:fdp 2w dikti go_id

Nomeor : 1108/D3/FL2010 Jakarta 4 hmi 2010
Lampiran o1 (zatu) set
Perihal . Hasil Evaluasi Penelitian Kerjasama

Antar Lembaga dan Perguruan Tinggi, Penelitian Kerjasama
Luar Negeri n Publikasi Inter nasional, dan
Penelitian I'[Ib'lh Kompetensi

Eepada¥th : Ketna Lembaga Penelitian dan Pengabdian kepada Masyarakat

Diberitahukan dengan hormat bahwa Direktorat Penelitian dan Pengabdian kepada
Masyarakat, Direktorat Jenderal Pendidikan Tinggi telah melakukan evaluasi Penelitian
EKerjasama Antar Lembaga dan Perguman Tm.zm “Penelitian Kenasama Lnar Negen dan
Publikasi Intemasional, dan Penelitian Hibah Kompetensi untuk pendanaan tahum 2010
dengan hasil evaluasi penehtiannya sebagaimana tersebut pada lampiran.

Sejalan dengan itn kami mohon perhatian Sandara terhadap beberapa hal sebagai
berikut:

1. Penelitian tersebut bam dapat dibiayai apabila Surat Perjanjian Pelaksanaan
Penelitian dengan para dosen penerima Penelitian Kerjasama Antar Lembaga dan
Pergurnan Tl.umzl. Penehfian Kerjasama Luar Negen dan Publikasi Internasional,
dan Penelitian Hibah Kompetensi telah ditandatangani oleh Pejabat Pembuat
Eomitmen Direktorat Peneliian dan Pengabdian kepada Masyarakat dan Ketua
Lembaga Penelitian dan Pengabdian kepada Masyarakat.

Untuk it bersama ini kami sampaikan format Daftar Isian Surat Pernuntaan
Pembayaran Hibah Penelitian untuk dusi (hams dusi secara benar, lengkap dan
jelas) dam di fax kepada kami melahn Nomor. 021-5731846. Asli Daftar Isian
tersebut akan diisi pada saat penandatanganan Surat Perjanjian.

Perlu kami mgatkan kembali babhwa secrang peneliti hanya diperbolebkan sebagai
ketua dan sebagal anggota di judul penelitian lain atan sebagai anggota di 2 (dua)
kegiatan penelifian yang berasal dan skim penelitian DP2M.

=]

Demikian untuk dapat diketalun, atas perhatian dan kerjasamanya diucapkan terima

kasth
An Durektur Jenderal Pendidikan Tinggi
Direktur Penelitian dan
Pengabdian kepada Masyarakat
ttd
Suryo Hapsoro T Utomo
NIP. 19560901 198503 1 003
Tembusan :
1. Yth DijenDikti (sebagai laporan)
2. Arsip
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Lampiran_2 Surat No. 1108/D3/PL/2009
HASIL EVALUAS|I KERJASAMA LUAR NEGERI DAN PUBLIKASI INTERNASIONAL TAHUN 2010

1 |AHalim Universitas Syiah Kuala Z:g ﬁ;ﬂzt:sr;:est::m?srlce and technology Cultures among Malaysia
2 | Abdul Hadi Universitas Lambung REDUCING GREENHOUSE GAS EMISSIONS (>26%) FROM PEAT
4 ' Mangkurat SOIL CULTIVATED TO OIL PALM IN BORNEQ ISLAND
Agus Saleh INDOMIX Program: Investigations on the Internal Tides and Mixing in
3 Ag: dlncer Institut Pertanian Bogor the Indonesian Throughflow Region and Their Impact on
o Biogeochemichal Distribution and Climate Variability
: ) - Methodological Approaches for Tapping Skilled Work for Technical
4 |Agus Setiawan mz"ngi‘:s Frandiniian and Vocational Education and Training (TVET) Curriculum
Development
: Tube Inclination Effect on Pressure Drop and Heat Transfer
5 gg;;t:s;njananm Universitas Indonesia Coefficient of Two-Phase Flow Boiling of Refrigerants for Design
! Parameter of Evaporator
EFFECT OF SATURATED-UNSATURATED SOIL CONDITION ON
6 |Ahmad Rifa'i Universitas Gadjah Mada SLOPE STABILITY AND COUNTER MEASURE USING RECYCLING
MATERIAL
. ; DESIGNING MODEL OF AN INDUSTRIAL CLUSTER FOR ICT-
7 |Ahmad Rusdiansyan mg:e‘fwg::‘“"mg' anpalh BASED CREATIVE INDUSTRIES: A BENCHMARKING STUDY TO
TAIWAN'S EXPERIENCE
Alan Frendy , i Study on Influences of Physical Processes and Anthropogenic Fluxes
. Koropitan |ustt Beriaien Bogor on Biogeochemical Cycling in the Indonesian Seas
9 |Anas Subarnas Universitas Padjadjaran E:r:t;?;aég:g:::gi::;mnoer Compounds from Indonesian
10 |Andri Cahyo Kumoro |Universitas Diponegoro i i skt
11 |Arief Boediono Institut Pertanian Bogor \ng:::gnaufhm Genetic Conservation: Investigation of Coat Color
- ; —— ) Development of Heterogeneous Solid Catalyst from Biomass Waste
12: (At Bhkmen Liivereing Caran Mada for Biodiesel Production in Continuous Reactive Distillation Column
5 s Development of Microwave Absorber Material from Sago Hampas
13 |Aripin Univereiias taluoles Fibre Derived Silica Xeroge! Filled in Al203 Ceramic Matrix
Sponge-Associated Bacteria Producing Bioactive Compounds:
14 |Aris Tri Wahyudi Institut Pertanian Bogor Screening, Analysis of Antimicrobial Compounds, and Its Genetic
Study
Armansyah " X Performance Improvement of Non-Catalytic Reaction of Biodiesel
15 |Halomoan Tambunan | "stitut Pertanian Bogor Production By Superheated Methanol Vapor Method
16 |Asep Sofyan Institut Teknologi Bandung Impact of Particulate on Plant Productivity in Indonesia
17 |Bagus Budiwantoro  |Institut Teknologi Bandung E:ﬁ;v‘;:\:sar Mechanism due to Wheel/Rail Contact in Curve
18 |Bambang Kuswandi |Universitas Jember Development of smart packaging: Sensors for food quality and safety
Benyamin = : Development of fuzzy manifold and fuzzy vector distance calculation
L Kusumoputro Khiveeshas indonasia methods for 3D surveillance-infrared face recognition
DEVELOPING ENVIRONMENTAL MONITORING SYSTEM ON THE
20 |Budi Indra Setiawan |Institut Pertanian Bogor ADVANCEMENT OF THE SYSTEM OF RICE INTENSIFICATION IN
ASIAN COUNTRIES (EMSA-SRI)

Hal. 1.
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. Institut Teknologi Sepuluh Using Metaheuristic Method In Sclving Cabin Crew Rostering
21 |Budi Santosa N fias Problem
) R ) Collaborative Ecotourism Development In Heart of Borneo (A
<2 [Chaft handsi Universitas Gaxah Mada Collaboration With Indonesia, Malaysia and Brunei Darussalam)
Study on nutrients movement characteristic in terrace sawah as the
23 |Darmawan Universitas Andalas base to invent effective fertilizer application in West Sumatra,
Indonesia
2 T " Disaster Risk Reduction Of Dam Failure Through The Development
24 |Ripknlageno RXIvenaes: oo Raca Of Hydro-Geotechnical Monitoring Technique
Development of community-based landslide early warning system for
25 |Dwikorita Karnawati  |Universitas Gadjah Mada life protection from extreme weather conditions in Pariaman
Regency, West Sumatra
Dyah Iswantini : P Indonesian Natural Zeolite and Its Nanocomposit as Supporting
28 (pradono Wi F o Dagpr Material for Antioxidant and Antimicrobial Herbal Medicine.
27 |Edy Soewono Institut Teknologi Bandung Oprtimal Control in Disease Transmission
Carbon Flux Characterization and Climate Change Reconsruction
28 |Eko Haryono Universitas Gadjah Mada Based on Hydrological And Geomorphologic Signatures From Karst
Environment
e ; : : Comparison of Wood Durability Standards (JIS K 1571 and SNI
2R Ea RInahCEIAt |t Fe ok Bger 01.7207-2008) Using Four Potential Community Woods
30 |Elza Ibrahim Auerkari |Universitas Indonesia g::;:::?: g:netic g;?sEpigenehc Markers For Fradicling Risk
Foreign Language Learning Acceleration Model : Improving The
31 |Endry Boeriswati Universitas Negeri Jakarta Function of Indonesia As An International Language (cooperation
state University of Jakarta and Guangxi Normal University)
32 |Eni Harmayani Universitas Gadjah Mada Mode of Action of the Immunostimulatory Effect of Local Tubers
R Isolation of Active Compound From Selected Traditional Dayak's
5% |Enos Tangke Anng | [Linivereitris Mulgwsrmian Herbal Medicines for Cosmetic in East Kalimantan
4 I i The Relationship Between Mineral Solubility in Forages, Production
34 |Evitayani Universitas Andalas and Physiol Ogiczl of Sheep iy 9
4 v s ; Bio-Control Technology for Subterranean Termites Coptotermes
85, |Faralt Diba tiivernitas Tanngpura curvignathus Holmgren Using Electromagnetic Waves
- — . Development of Realtime Integrated Tool Path Generation and
26, |Qandjar Mpwanto Sversis Indonesia Tracking for 3-Axis Micro Milling based on Discrete Models
Gusti Ayu Made : ? Housing, Home and Culture: The Dimensions of Sustainable
¥ Suartika HivarstinsAidayana Practices in Southeast Asian Countries
38 |Gusti Zakaria Anshari {Universitas Tanjungpura gprggt: ;Lg:: ::::L?-.l::: eﬂéa;::gve\‘:{e'l;mplcal Poat Forests on
39 |Hasanuddin Z. Abidin |Institut Teknologi Bandung g‘:;mz% L(;:,ga?: ?;gi;?ﬁ:&?o: oastel Areas of Jakarta , for
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Setyo Sarwanto S i Combined Effect of Aircraft Noise and Pollutant Emissions in the
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110 | Yose Rizal Universitas Andalas Mixture for Poultry Diet
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Jakarta, 4 Juni 2010
Kasubdit Penelitian
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H. Ridwan Roy T.
NIP. 1962 01 26 198403 1 001
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Statement letters

STATEMENT LETTERS

Surat Pernyataan

Yang bertanda tangan di bawah ini:

Nama : Dr. Ir. Setyo Sarwanto Moersidik, DEA
NIP :

Pangkat/Golongan :

Alamat

Dengan ini menyatakan bahwa proposal research saya yang berjudul:

Combined effect of Aircraft Noise and Pollutant Emissions in the Intermediate
Atmospheric Layers.

Yang diusulkan dalam skim International Joint Research and International
Publication T.A. 2010-2012 bersifat original and belum pernah dibiayai oleh
lembaga/sumber dana lain.

Bilamana di kemudian hari ditemukan ketidak sesuaian dengan pernyataan ini, maka
saya bersedia dituntut and diproses sesuai dengan ketentuan yang berlaku dan

mengembalikan seluruh biaya penelitian yang sudah diterima ke kas negara.

Demikian pernyataan ini dibuat dengan sesungguhnya dan dengan sebenar-
benarnya.

Depok, 15 Mei 2010

Mengetahui, Yang menyatakan,
Ketua DRPM-UI Peneliti Utama

Materai 6000
Bachtiar Alam, Ph.D Dr. Ir. Setyo Sarwanto Moersidik, DEA
NIP 195803061986031001 NIP
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Statement letter from French Embassy E, ..

Liberté » Egalité + Fraternité

REPUBLIQUE FRANGAISE

As an Attachee of Scientific Cooperation of French Embassy in Indonesia, by
this Letter of Statement, | agree to assure a co-financing support with DIKTI for
research team to be lead by Dr. Ir. Setyo Sarwanto Moersidik at Civil Engineering
Department of the Universitas Indonesia (Ul) in Indonesia and by Dr. Salah Khardi
at INRETS, Bron Cedex, Lyon in France. Both parties agree to conduct a Joint
Research in Title:

Combined effect of Aircraft Noise and Pollutant Emissions in the Intermediate
Atmospheric Layers.

The financing support will be given in total of 5000 Euro each year, which is allocated
for:

1. Flight ticket and train ticket for two INRETS researchers from Bron Cedex France
to Jakarta (two ways).

2. Accommodation (hotel, local transport, lunch) for two Ul researchers during 10
days in Lyon, France.

This Letter of Statement is effective within the three year period of 2010-2012.

Jakarta, May 15", 2010.

Dominique Dubois

Attaché de Coopération Scientifique et Technique
SCAC - Ambassade de France
JI. Panarukan no.35, Jakarta- Indonesia.
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