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Preface

The world attention increased to provide environmental statistical data on the different environmental sectors, one of the main sectors is the emissions to air. Providing data on emissions will participate in policy making and legislation that will reduce the pressure on the environment. As in the rest of the world the attention has greatly increased in Palestine to provide such data after many years of environment negligence and the absence of standards and rules during the period of the Israeli occupation. 

This report is one of a series of expected reports to be published by the PCBS on the environment according to the Submaster Plan for the Environment and Natural Resources statistics. It describes a methodology for calculating emissions to air with some calculations of the emissions for the year 1996 according to the methodology.

The main objective of this report is to providing reliable methodology for calculating emissions to air in the Palestinian Territory, including results for the year 1996.

This report presents statistical data on emissions from the sectors of energy, industrial processes (non-combustion), agriculture, agricultural burning of residues, and wastes. 

PCBS hopes that the data of this report will contribute to improve the environmental status and reduce the environmental pollution, in addition to providing reliable and useful statistics for Palestinian planners and decision-makers. 

	December, 2004
	
	Hasan Abu-Libdeh, Ph.D.

President
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Chapter One

Introduction

Emission inventories are an important part of environmental statistics. An emission inventory gives an overview of emissions of various pollutants per emissions source and/or sector. An emission inventory may cover a certain area or the whole country. 

Emissions to air in Palestine have local, regional and global consequences. Global emission problems include emissions of the greenhouse gases CO2, N2O
 (nitrous oxide) and CH4 (methane). Regional emission problems include acid rain (SO2, NH3 and NOx) and NMVOC, which creates ozone after reaction with NOx. Acid rain and ozone will cause losses in agricultural production, damages to materials and health problems. Also emissions of particulate matter and lead will cause directly local health problems. 

1.1 Aims of the report:

This report will pay the attention for the problems of air pollution in the Palestinian Territory. The main objective of this report is to provide reliable methodology for calculating emissions to air in the Palestinian Territory, and to implement this methodology on the available data of one year. The report will availabilize a methodology for calculating emissions for the following pollutant: SO2, NOx, CO2, CH4, N2O, Pb (lead), NMVOC (non-methane volatile organic compounds) and particulate matter (PM10). The methodology depends on the source of pollution, and it is classified into:

· Emissions from energy

· Emissions from industrial processes

· Emissions from agricultural burning of residues

· Emissions from wastes

Emissions are either connected to energy use or to the activity level.  The quantities emitted are calculated by multiplying an emission factor with the quantity of energy used or the activity level such as then number of domestic animals or the quantity used of fertiliser.  An emission factor expresses the emissions of each pollutant per unit energy used, for example: combustion of one kilo fuel oil gives 3.17 kg CO2.  Emission factors should be collected from the Palestinian institutes if the factors are available or special factors for Palestine should be used, but since no information exists, default internationally recommended values are used.

The Intergovernmental Panel of Climate Change (IPCC) has proposed an emission methodology for all direct and indirect greenhouse gases (CO2, CH4, N2O, NOx, SO2, NMVOC and some greenhouse gases which should not be included at this stage) from all known sources of emissions. The methodology of the IPCC includes also suggested emission factors, this methodology is applicable world-wide, and it is used in this report. 

1.2 Contents of the report

This report provides a suggested methodology for calculating emissions to air in Palestine, it contains a number of chapters that are arranged in a way that makes it easy to understand the methodology and its implementation.

The report consists of nine chapters; the first chapter gives an introduction including the aim, contents, and the sources and sectors of the subject. The second chapter contains the concepts and definitions adopted in making the methodology.  The chapters from the third to the six contains suggested methodology for emissions calculations, subsequently, from the sources of energy, industrial processes (non-combustion), agricultural burning of residues, and wastes. These chapters also include calculations for the emissions for the year 1996.  The last one contains the data quality on the methodological chapters and special notes.

1.3 Sources and sectors
Emissions will be listed according to the economic sectors and sources. All main identified emission sources should be included.

The main information in order to prepare emissions calculations will be the energy account showing energy use by sector, table 1.1 shows the economic activities used in the energy statistics according to the International Standard for Industrial Classification (ISIC). Letters in italics are not included in the energy statistics but should be included in the energy account

Table 1.1. Emission Accounting Sector List

	Symbol
	Sector

	A
	Agriculture

	B
	Fishing

	C
	Mining and quarrying

	14
	Other mining and quarrying

	D
	Manufacturing

	15
	Manufacturing food and beverages

	16
	Manufacture of tobacco products

	17
	Manufacture of textiles

	18
	Manufacture of wearing appeals

	19
	Tanning of leather; manufacturing of bags

	20
	Electricity, steam and hot water production and supply

	21
	Manufacture of wood and its products

	22
	Manufacture of paper and its products

	23
	Publishing, printing and reproduction

	24
	Manufacture of chemicals and its products

	25
	Manufacture of rubber and plastic

	26
	Manufacture of non-metallic products

	27
	Manufacture of basic metals

	28
	Manufacture of metal products

	29
	Manufacture of machinery and equipment

	30
	Manufacture of office, accounting and computing machinery

	31
	Manufacture of electrical machinery

	32
	Manufacture of radio, TV equipment

	33
	Manufacture of medical, optical equipment

	34
	Manufacture of motor vehicles, trailers

	35
	Manufacture of other transport equip

	36
	Manufacture of furniture

	E
	Electricity and water supply

	40
	Electricity, gas and hot water supply

	41
	Collection and distribution of water

	F/45
	Construction

	I
	Transport, storage and communications

	60
	Land transport; transport via pipelines

	62
	Air transport

	63
	Supporting and auxiliary transport activities; activities of travel agencies

	64
	Post and telecommunications

	J
	Financial intermediation

	H/55
	Hotel and restaurants

	K
	Real estate, renting and business activities

	70
	Real estate activities

	71
	Renting of machinery without operator

	72
	Computer and related activities

	73
	Research and development

	74
	Other business activities

	L
	Public administration and defence; compulsory social security

	M/80
	Education

	N/85
	Health and social work

	O
	Other community, social and personal service activities

	90
	Activities of membership organisations

	91
	Recreational, culture activities

	92
	Other service activities

	P/95
	Private households with employed persons

	
	Rural households

	
	Urban household

	Q/99
	Extra-territorial organisations and bodies


In addition, a list of emission sources is needed.  The advantage of using such a list is that, the methodology follows this classification, and the sources tell us which activities are actually generating the emissions. Several technical sources may be relevant in each sector.  Since there is no available list for Palestine, the IPCC source list (table 1.2) is used with aggregations and splitting of sources whenever needed. It is important to develop a special source list for Palestine in order to distinguish the most important emission sources.

Emission factors will be dependent on both the source and sector. However, the source will be more important variable than the sector in most cases. The methodology will follow the source classification in table 1.2, with references to the sectors in table 1.1. 
The emissions should be estimated in sheets in excel. The calculations (emission model) should be kept as simple as possible.  Further development of the emission model may require another software tool or a combination of different tools.

It must be remembered that all the emission factors given in this draft should be checked for Palestinian conditions, by using the IPCC manual.

Table 1.2. Correspondence Between Sources and Sectors

	
	Source-sector
	Sector

	1.
	Energy
	

	 1A
	Fuel combustion
	All

	   1
	Energy industries
	E/40

	   2
	Manufacturing and construction
	F/45, C, D

	   3
	Transport (sub-split needed)
	I + transport in other sectors

	   4
	Other
	A, B, I-P

	2.
	Industrial processes (non-combustion)
	C, 24-25?

	3.
	Solvent and other product use
	All

	4.
	Agriculture
	A

	 4A
	Enteric fermentation
	A

	 4B
	Manure management
	A

	 4D
	Agricultural soils 
	A

	 4E
	Burning of agricultural residues
	A

	6.
	Waste
	L

	 6A
	Solid waste disposal on land
	L

	 6B
	Wastewater handling
	L

	 6C
	Waste incineration
	L

	 6D
	Other
	

	7.
	Other
	


Chapter Two 
Concepts and Definitions 

	Air Pollutants:


	Substances in air that could, at high enough concentrations, harm human beings, animals, vegetation or material.  Air pollutants may thus of being airborne.  They may consist of solid particles, liquid droplets or gases, or combinations of these forms.



	Air Pollution: 


	The presence of contaminant or pollutant substances in the air that do not disperse properly and that interfere with human health or welfare, or produce other harmful environmental effects.   

   

	Air Palliation Sources:
	Activities that result in air pollution including agricultural activities, combustion processes, dust producing processes, manufacturing activities, nuclear energy-related activities, spray-painting, printing, dry-cleaning and so on.



	Air Quality Standards:
	Levels of air pollutants prescribed by regulations that may not be exceeded during a specified time in a defined area.



	Carbon Dioxide (CO2):


	Colourless, odourless and non-poisonous gas that results from fossil fuel combustion and is normally apart of ambient air.  It is also produced in the respiration living organisms (plants and animals), and considered to be the main greenhouse gas, contributing to climate changes.



	Carbon Monoxide (CO): 


	Colourless, odourless and poisonous gas produced by incomplete fossil fuel combustion.  Carbon monoxide combines with the hemoglobin of human beings, reducing its oxygen carrying capacity, with effects harmful to human beings.



	Charcoal: 


	Solid residue consisting mainly of carbon obtained by the destructive distillation of wood in the absence of air.



	Emission:
	Discharge of pollutants into the atmosphere from stationary sources such as smoke stashes, other vents surface areas of commercial or industrial facilities, and mobile sources, for example, motor vehicles, locomotives and aircraft.



	Emission damage:
	Effects of (air) pollution on buildings, monuments, organisms, and ecosystem.



	Emission factor:
	Ratio between the amount of pollution generated and the amount of a given raw material processed.  The term way also refers to the ratio between the emissions generated and the outputs of production processes.



	Emission standard:


	Maximum amount of polluting discharge legally allowed from a single source, mobile or stationary.

	Fossil fuel:


	Cool, oil and natural gas.  They are derived from the remains of ancient plant and animal life.



	Greenhouse gases:
	Carbon dioxide, nitrous oxide, methane, ozone and chloro- fluorocarbons occurring naturally and resulting from human (production and consumption) activities, and contributing to the greenhouse effect (global warming).



	Hydrocarbons:


	Compounds of hydrogen and carbon in various combinations that are present in petroleum products and natural gas.  Some hydrocarbons are major air pollutants, some may be carcinogenic and others contribute to photochemical smog.



	Lead:
	Heavy metal whose compounds are highly poisonous to health.  Its use in gasoline, paints and plumbing leaded compounds has been generally reduced.



	Methane (CH4):
	Colorless, non- poisonous and flammable gaseous hydrocarbon created by anaerobic decomposition of organic compounds.  Methane is a potent greenhouse gas.



	Mobile sources:


	Moving source of air pollution, such as an automobile

	Nitric oxide (NO):


	Gas formed by combustion under high pressure and high temperature in an internal combustion engine.  If changes into nitrogen dioxide in the ambient air and contributes to photochemical smog.



	Nitrogen oxide (NOx):


	Product of combustion from transportation and stationary sources.  It is a major contributor to acid depositions and the formation of ground level ozone in the troposphere.



	Nitrous oxide (N2O):


	Relatively inert oxide of nitrogen produced as a result of microbial action in the soil, use of fertilizer containing nitrogen, burning of timber, and so forth.  This nitrogen compound may contribute to greenhouse and ozone – depleting effects.



	Organic compounds:


	Compounds containing carbon (including carbonates, bicarbonates, carbon dioxide and carbon monoxide) that form the basis of living mattes.  In domestic sewage, organics one mainly metabolic wastes of faeces or urine plus grease, detergents and so forth.



	Ozone (O3):
	Pungent, colorless, toxic gas that contain three atoms of oxygen is each molecule.  It occurred naturally at a concentration of a bout 0.01 parts per million (p.p.m) of air.  Levels of 0.1 p.p.m.  are considered to be toxic.



	Particulate:


	Fine liquid or solid particles, such as dust, smoke, mist, fumes, or smog, found in air or emissions.  

 

	Pollutant:


	Substance that is present is concentrations that may harm organisms (humans, plants and animals) or exceed an environmental quality standard.  The term is frequently used synonymously with contaminant. 

	Pollution:
	1. Presence of substances and heat in environmental media (air, water, land) whose nature, location, or quantity produces undesirable environmental effects. 

2. Activity that generates pollutants. 

	Sulphur Dioxide (SO2):
	Heavy, pungent, colourless gas formed primarily by the combustion of fossil fuels.  It is harmful to human beings and vegetation, and contributes to the acidity in precipitation.



	Suspended Particular Matter (SPM):
	Finely divided solids or liquids that may be dispersed through the air from combustion processes, industrial activities or natural sources.



	Volatile organic compounds (VOCs):
	Organic compounds that evaporate readily and contribute to air pollution mainly through the production of photochemical oxidants.      



	
	


Chapter Three

Emissions From Energy

This chapter shows the methodology used for calculating emissions from energy; both from the stationary combustion and from the mobile combustion.  The energy account is the main and most important source for calculating emission from combustion.  The calculations of emission from fuel combustion should be based on the data from the energy statistics, but it should be updated as soon as the energy account is finished.  The calculations will therefore have the same lack and uncertainty as the energy statistics.

The quantity of gasoline given in the energy statistics is the average of all types of gasoline. Also, a common price and conversion factor is used.  This is also the situation of oil, lubricates, wood and charcoal.  Until further knowledge is available, the gasoline data in the energy statistics can be split by assuming that the proportion between the use of lead and lead free is the same as the proportion in the import figures from the foreign trade statistics.  The sulphur and lead content in gasoline and diesel and in other oil products are important for the emissions of these components, so the content should be known.  Until further knowledge is available, the content of sulphur in diesel and lead in gasoline used by the Israelis may be used, as all of the gasoline and diesel are imported from Israel.

3.1. Emissions from stationary combustion

Energy industries

For energy producing industries, fuel consumption data needed are given in the energy statistics. The only sector in Palestine which are to be included under this heading is the electricity, gas, steam and hot water supply industry, according to the definitions in the IPCC methodology. According to the energy statistics (Energy Statistics 1996), electricity and diesel are the main types of energy used in this sector. The data are given from 1996 and will be available yearly from the energy account (balance). Until further knowledge is available it's assumed that all is used for stationary combustion. 

Energy: Manufacturing and construction and others

Data for energy used in industrial activities (including manufacturing and construction) and other economic activities (excluding industry) by type which are needed for emissions calculations, are available from the energy statistics. The data are classified according to ISIC, electricity and diesel are the main energy types used. It is, however, not possible to divide the consumption of the different fuels for stationary and mobile use.  Until further knowledge is available, it is assumed that the use of gasoline and diesel in these sectors are used for mobile sources (except the fuel consumption for olive presses). These quantities should be divided for use for road traffic and other mobile sources (like machines) respectively, as the different mobile sources have different emission factors. 

Olive presses are not included in the energy statistics, but will be included in the energy accounts (balance).  These establishments use diesel and should be considered as stationary emission sources. 

Fuels used as raw material may be included in the figures, but according to the industry statistics it is assumed to be small quantities. In the industrial survey it is only asked to mark for fuel used for energy purpose or as raw material. 
Domestic energy consumption by type of energy is available from the energy statistics. Gasoline, electricity and LPG are the main energy types used. It is possible to split this data on fuels used for stationary and mobile sources respectively at a national level, due to the household survey.  Energy used in agriculture is not included in the energy statistics.
Suggestion for default emission factors, stationary combustion

Emission factors (emissions of pollutants per unit activity) are generalisations of measurement data, but sometimes they are based on a mass balance approach.  Emissions of CO2, SO2 and lead will typically be derived from mass balance considerations as all carbon and sulphur in the energy commodity will be oxidised and emitted to air, while emission factors for other pollutants are derived from measurement data.  Emission factors in the Palestine Territory may be different from emission factors in other countries. This is due to technological conditions, climate etc. 

Stationary combustion of energy fuel will lead to emissions of all pollutants considered.  Stationary combustion takes place in almost all sectors.  Stationary combustion will be an important source of especially CO2, NOx and particulate matter in Palestine. 

The emission factors for CO2 are only dependent on the carbon content of the fuels and are given separately.  The emission factors are relatively certain.  Note that emission factors not are given for bio energy sources, including charcoal.  These are here considered as renewable energy sources and will not contribute to net CO2 emissions.

Fuel dependent emissions

Table 3.1. Emission Factors for CO2.

	Fuel 
	Tonne C/tonne energy
	Tonne CO2/tonne fuel energy

	Liquid LPG
	 0.79
	3.00

	Kerosene
	 0.84
	3.15

	Gas/diesel oil
	 0.87
	3.17

	Residual fuel oil
	 0.86
	3.20

	Other
	 0.86
	3.20


    Source: IPCC

Emissions of lead and SO2 are estimated from the lead and sulphur content of fuel.  SO2 here includes all sulphur oxides (SO2 + SO3) expressed as SO2 mass equivalents. 


Emission factor SO2 (g/kg)  = Sulphur content (%) * 20 


Emission factor Pb (g/kg) = Lead content (g/kg)

This is important as sulphur content of fuels may vary much from country to country.  Priority should be given to the fuels with high sulphur content, coal and fuel oil. Note that the values may vary from year to year. 
Table 3.2. Default Sulphur Content of Fuels

	
	Low
	Medium
	High

	Coal
	0.5
	1.5
	3

	Heavy fuel oil
	1.0
	3.0
	4.0

	Light fuel oil/distillates
	0.3
	
	1.0

	Natural gas
	..
	0.0
	..

	Municipal waste
	..
	0.003
	..

	Industrial waste
	..
	0.2
	..

	Black liquor
	..
	1.5
	..

	Fuel wood
	..
	0.2
	..

	Other biomass
	..
	<0.03
	..


    Source: IPCC

Table 3.3. Emission Factors for Methane From Stationary Combustion. kg/tonne

	
	Oil
	Wood/wood waste
	Other biomass and waste

	Energy industries
	0.13
	0.47
	0.44

	Manufacturing and construction
	0.08
	0.47
	0.44

	Commercial institutional
	0.42
	4.65
	4.35

	Agriculture forestry and fishing
	0.42
	4.65
	4.35

	Residential
	0.42
	4.65
	4.35


    Source: IPCC

Table 3.4. Emission Factors for Nitrous Oxide From Stationary Combustion. kg/tonne

	
	Oil
	Wood/wood waste
	Other biomass and waste

	Energy industries
	0.03
	0.06
	0.06

	Manufacturing and construction
	0.03
	0.06
	0.06

	Commercial institutional
	0.03
	0.06
	0.06

	Agriculture forestry and fishing
	0.03
	0.06
	0.06

	Residential
	0.03
	0.06
	0.06


   Source: IPCC

Emissions of nitrogen oxides (NO or NO2 expressed as NO2-equivalents) are very dependent on the technology of combustion.  Higher temperature will often lead to higher emissions as atmospheric nitrogen is fixed during the process.  

Table 3.5. Emission Factors for Nitrogen Oxide From Stationary Combustion (Uncontrolled). kg/tonne

	
	Oil
	Wood/wood waste
	Other biomass and waste

	Energy industries
	8.40
	1.55
	1.45

	Manufacturing and construction
	8.40
	1.55
	1.45

	Commercial institutional
	4.20
	1.55
	1.45

	Agriculture forestry and fishing
	4.20
	1.55
	1.45

	Residential
	4.20
	1.55
	1.45


    Source: IPCC

Emissions of NMVOC will lead to photochemical smog in the summer season. This smog may cause health problems and damage to harvest.  The emissions originate from incomplete combustion.  However, stationary combustion emissions are not very significant for NMVOC, with the exception of residential and institutional combustion of wood and other biomass.

Table 3.6. Emission Factors for NMVOC From Uncontrolled Stationary Combustion. kg/tonne

	
	Oil
	Wood/wood waste
	Other biomass and waste

	Energy industries
	0.21
	0.78*
	0.73

	Manufacturing and construction
	0.21
	0.78
	0.73

	Commercial institutional
	0.21
	9.30
	8.70

	Agriculture forestry and fishing
	0.21
	9.30
	8.70

	Residential
	0.21
	9.30
	8.70


    Source: IPCC

   *Excluding charcoal production

The factors given below are from NILU (the Norwegian Institute for Air Research), and may be used as a start.

Table 3.7. Emission Factors PM10 From Uncontrolled Stationary Combustion (Uncontrolled). kg/tonne

	
	Gas
	Oil
	Wood/wood waste
	Other biomass and waste

	Energy industries
	0.0
	..
	..
	..

	Manufacturing and construction
	0.0
	..
	..
	..

	Commercial institutional
	0.0
	5.0
	18.3
	18.3

	Agriculture forestry and fishing
	0.0
	5.0
	18.3
	18.3

	Residential
	0.0
	5.0
	18.3
	18.3


    Source: NILU

Table 3.8. Residential Heating. Emission Factors

	
	NOx
	NMVOC
	CH4
	N2O

	Oil
	
	
	
	

	Residual fuel oil
	170
	NA
	1.4
	NA

	Distillate fuel oil
	65
	NA
	0.7
	NA

	Furnaces
	59
	NA
	5.8
	0.2

	Natural gas
	
	
	
	

	Furnaces
	43
	NA
	NA
	NA

	Gas heaters
	47
	NA
	1
	NA

	Wood
	
	
	
	

	Wood pits
	150
	NA
	200
	NA

	Fireplaces
	110
	NA
	NA
	NA

	Stoves: conventional
	120
	NA
	210
	NA

	Stoves: Non-catalytic
	NA
	NA
	NA
	NA

	Stoves: Catalytic
	87
	NA
	380
	NA

	Stoves: Pellet, Exempt
	NA
	NA
	NA
	NA

	Masonry heaters
	NA
	NA
	NA
	NA


    Source: IPCC 

Results, emissions from stationary combustion

The calculations of emission for each component should be carried out by multiplying each type of fuel consumed with the appropriate emission factor. An example is given below:

NOx emission from use of diesel in the energy industries = consumption of diesel in tonnes * 8.4 kg NOx/tonne oil  

The sum of NOx emissions from the energy industries will be the NOx emission from all the fuel types.  The calculations should be carried out for each component (CO2, SO2, N2O, CH4 and NMVOC).

3.2. Emissions from mobile combustion

Road traffic 

The energy statistic does not have the total consumption of gasoline in the Palestinian Territory.  The amount of gasoline and diesel that the Palestinian cars buy at Israeli gas stations is not known.  These quantities may not be large, as the numbers of Palestinian cars that are allowed to drive in Israel are limited.

It is possible to have the use of gasoline for mobile sources in the domestic sectors, which are needed for the emission calculations, from the energy statistics, as mentioned above.  Until further knowledge is available, it is assumed that the use of gasoline and diesel in industrial and other economic activities, given in the energy statistics, are used for mobile sources (except consumption in olive presses).  For the use of lead and lead free gasoline, respectively, the assumption mentioned above may be used until the quantities of lead and unleaded gasoline is known.  As mentioned, also the sulphur and lead content should be known. 

Numbers of different vehicles (private cars, special services and other vehicles, tractors, motorcycles and scooters, taxis, buses and minibuses, trucks and commercial cars) are available for the year 1970, 1974-1987, 1990-93 and 1995 for different governorates (the data are comparable between the years), but not the consumption of fuel by the different vehicles. There exist no data on traffic work (e.g. average travel distances each year) for the different vehicles and no national emissions factors. There are no data of cars having catalysts. 

The emissions from transport should be calculated from fuel consumption given in the energy statistics, with the assumption mentioned above.  When more information like:

-  number of cars having catalysts

- the distribution of age of the vehicles in each class 

- yearly average driving distance

- average speed etc.

are available, the method should be developed.  The emissions depend on these parameters. Some of these parameters may already exist at the Ministry of Transport, but on paper form. Some of the parameters may be available from a traffic volume survey.

A fraction of diesel and gasoline is used for other purposes than road traffic.  This fraction has to be determined.  The main sectors with motorised equipment are agriculture, mining and construction. Small aircraft (piston) are using gasoline while the larger are using kerosene. Also small boats may use gasoline. 

Aviation

An airport opened in Gaza in 1999. There are no domestic flights, however.  Consumption of jet kerosene, which will be needed for the emission calculations, will be available from foreign trade statistics.  Type of planes and number of landing and take-off are also needed for the calculations of emission. 
Agriculture 

Energy used in agriculture, which is needed for the calculations, is not included in the energy statistics.  It may be possible to include a question in a survey by the agricultural statistics. The consumption should be divided for stationary and mobile use.

National navigating

Palestine has no ship traffic. There are however many 800 fishing boats. These are assumed to use diesel, and should be included in the emission calculations.  
Railway

There is no railway in the Palestinian Territory. 

Suggested default emission factors, mobile combustion

Emission factors for transport are very technology dependent. Consequently the emission factors may change rapidly. 

Fuel dependent emission factors

The emission factors for CO2 are only dependent on the carbon content of the fuels and are given separately. 

Table 3.9. Emission Factors for CO2. Mobile Combustion

	
	tonne C/tonne energy
	tonne CO2/tonne energy

	Gasoline
	0.83
	3.13

	Jet kerosene
	0.87
	3.15

	Gas/diesel oil
	0.87
	3.17

	Residual fuel oil
	0.86
	3.20


     Source: IPCC

Emissions of lead and SO2 are estimated from the lead and sulphur content of fuel. Lead from road traffic is very significant if leaded gasoline is used.  Sulphur from transport is important for shipping and road traffic.


Emission_factor SO2 (g/kg)  = Sulphur_content (%) * 20 


Emission_factor Pb (g/kg) = Lead_content (g/kg)

Table 3.10. Default Sulphur Content for Fuels

	
	Low
	Medium
	High

	Coal
	0.50
	1.50
	3.00

	Heavy fuel oil
	1.00
	3.00
	4.00

	Distillate
	0.30
	..
	1.00

	Diesel (road)
	..
	0.30
	..

	Gasoline
	..
	0.10
	..

	Jet kerosene
	..
	0.05
	..

	Natural gas
	..
	0.00
	..


    Source: IPCC

Use of leaded gasoline is considered to be a main source of lead emissions in Palestine.  It is consequently very important to find the accurate lead content of fuel and the amount used of leaded and unleaded gasoline for the year for the calculations, at first for 1996. 

Table 3.11. Emission Factors for Nitrogen Oxide From Mobile Combustion. kg/tonne

	
	Natural gas
	Gasoline
	Diesel
	Kerosene

	Aviation
	..
	..
	..
	12.9

	Road traffic
	29.5
	26.3*
	34.5
	..

	Railways
	..
	..
	51.7
	..

	Navigation (ships)
	..
	..
	64.7
	..

	Agriculture and forestry
	..
	..
	51.7
	..


    Source: IPCC

    *Will decrease when the number of cars with three way catalysts is increasing

Table 3.12. Emission Factors for NMVOC From Mobile Combustion. kg/tonne

	
	Coal (Hard coal)
	Natural gas
	Gasoline
	Diesel
	Kerosene

	Aviation
	..
	..
	..
	..
	2.16

	Road traffic
	..
	0.25
	65.9*
	8.6
	..

	Railways
	0.42
	..
	..
	8.6
	..

	Navigation (ships)
	0.42
	..
	..
	8.6
	..

	Agriculture and forestry
	..
	..
	..
	8.6
	..


    Source: IPCC

    *Will decrease when the number of cars with three way catalysts is increasing

Emissions of particulate matter will be very technology dependent. There are few data sources and we have here suggested using data from the TNO.

Table 3.13. Emission Factors for PM10 From Mobile Combustion. kg/tonne.

	
	Coal
	Gasoline
	Diesel
	Kerosene

	Aviation
	..
	0.5
	..
	0.5

	Road traffic
	..
	0.12
	2.0
	..

	Railways
	6
	..
	1.8
	..

	Navigation (ships)
	6
	..
	1.8 
	..

	Agriculture and forestry
	..
	0.12
	1.8
	..


    Source: TNO

Table 3.14. Emission Factors for Methane From Mobile Combustion. kg/tonne

	
	Gasoline
	Diesel
	Kerosene

	Aviation
	0.02
	..
	0.02

	Road traffic
	0.88
	0.22
	..

	Railways
	..
	0.22
	..

	Navigation (ships)
	..
	0.22
	..

	Agriculture and forestry
	..
	0.22
	..


    Source: IPCC

Table 3.15. Emission Factors for Nitrous Oxide From Mobile Combustion. kg/tonnes

	
	Gasoline
	Diesel
	Kerosene

	Aviation
	0.09
	..
	0.09

	Road traffic
	0.03*
	0.03
	..

	Railways
	..
	0.03
	..

	Navigation (ships)
	..
	0.03
	..

	Agriculture and forestry
	0.03
	0.03
	..


    Source: IPCC

    *Will increase when the number of cars with three way catalysts is increasing

Chapter Four 

Emissions from Industrial Processes (Non-Combustion)

Under this heading the emissions during industrial processes not including fuel combustion are estimated.  However, many industrial processes are based on fossil fuel as raw material input.  The main examples are petrochemical production (including plastic production) based on gas or oil.  Industrial processes are an important source for most pollutants.  In the Energy Accounts, fuel used as raw material should be specified. 

It must be assessed which of the processes listed here are relevant in the Palestinian Territory.  It should also note that there are industry zones in Israeli settlements in the Palestinian Territory, which will not be included due to lack of data.

4.1. Cement production

There is no any production of cement in the Palestinian Territory. 

4.2. Lime production

There is no any production of lime in the Palestinian Territory. 

4.3. Limestone and dolomite use

Limestone (CaCO3) and dolomite (CaCO3*MgCO3) are used for other applications than cement production, and CO2 is released. When used in industry, note should be taken not to double count the emissions. 

The emission factors are 440 kg CO2/tonne limestone and 477 kg CO2/tonne dolomite (estimated from the chemical reaction). 

4.4. Chemicals industries

Production of petrochemicals is generally potential sources of methane and NMVOCs. The emission level is uncertain. 

Table 4.1. Emissions From Miscellaneous Production Processes in Chemical Industries. kg/tonne Product

	
	SO2
	NOx
	NMVOC
	CO
	CH4

	Acrylonitrile
	-
	-
	1 (0.4-100)
	-
	-

	Acrylonitrile Butadiene styrene (ABS) resins
	-
	-
	27.2 (1.4-27.2)
	-
	-

	Carbon black
	3.1
	0.4
	40 (5-90)
	10 (5-14)
	11

	Coke
	NA
	NA
	NA
	NA
	0.5

	Ethylene and propylene
	-
	-
	1.4
	-
	1

	Formaldhyde
	-
	-
	5 (0-8)
	-
	NA

	Graphite
	-
	-
	NA
	-
	NA

	Methanol
	-
	NA
	NA
	NA
	2

	Polystyrene
	-
	-
	5.4 (0.2-5.4)
	-
	NA

	Polyethene - low density
	-
	
	3
	-
	NA

	Polyethene - Linear low density
	-
	-
	2
	-
	NA

	Polyethene - High density
	-
	-
	6.4
	-
	NA

	Polyvinylchloride
	-
	-
	8.5 (0.14-8.5)
	-
	NA

	Styrene
	-
	
	18 (0.25-18)
	-
	4

	Styrene butadiene
	-
	-
	NA
	-
	NA

	Sulphuric acid
	17.5 (1-25)
	-
	-
	-
	-

	Titanium oxide
	14.6 (0.9-14.6)
	-
	-
	-
	-

	Urea
	NA
	NA
	NA
	NA
	NA

	Vinyl chloride
	-
	-
	-
	-
	NA


    Source: IPCC 1997

4.5 Metal production

There are no metal production in Palestine, only secondary metal manufacturing. 
4.6. Food and drink

Production of food and drink may lead to NMVOC emissions.   Table 4.2 shows the emission factors for NMVOC from production of food and drink.

Table 4.2. NMVOC Emissions Form Production of Food and Drink

	Process
	Unit
	Emission factor

	Drink
	
	

	Beer
	kg/hl
	0.035

	Spirits
	kg/hl
	15.000

	Food
	
	

	Meat and fish processing
	kg/tonne
	0.300

	Margarine and solid fats
	kg/tonne
	10.000

	Bread
	kg/tonne
	8.000

	Animal feed
	kg/tonne
	1.000

	Coffee roasting
	kg/tonne
	0.550


     Source: IPCC

4.7 Solvents and other product use

This is a very difficult area to cover properly. Use of solvents and products containing solvents are very important for emissions to air of NMVOCs.  Solvent emissions may be estimated using activity specific emission factors or by estimating the amount of solvents containing products used and their solvent content.  Both methodologies tend to underestimate the actual emissions.  As a first order approximation emissions could be estimated from the use of the main solvents and paint. 

There is no production of solvents in the Palestine Territory according to the foreign trade statistics. The quantities of imported solvents, classified according to international trade classification, are available from the foreign trade statistics. Some solvents may be re-exported, but data is not available.  

Consumption = Production + Import – Export - Feedstock 
Emission = Consumption * Solvent content *Fraction emitted 

Pure solvents are assumed to contain 100 per cent NMVOC.  For paint, the solvent content varies.  Even water-based paints contain some solvents. The content of solvent is essential for calculating the emissions. In Norway the content of solvent for water based paint is 3.5 per cent, while it is 20-26 per cent for organic solvent-based paints.

Alternatively the solvent emissions could be estimated from per capita emissions of solvent use for countries similar to the Palestinian Territory. 

Chapter Five

Emissions From Agriculture

This chapter will focus on emission from the agricultural sector, and - except for emission from machinery - the most important sources are:

 CH4 from livestock (enteric fermentation).  Emissions depend on type of livestock, animal characteristics and fodder.

 CH4 from decomposition of manure under anaerobe conditions.

 N2O from agricultural soils.

 CH4, CO, N2O and NOx from agricultural burning.  Burning of savannah and agricultural residues 

According to the agricultural statistics, agriculture account about 10 per cent of the GDP and about 13 per cent of the population is working there.  Agriculture may be a source of relevance of methane and nitrous oxide.  

5.1. CH4 from enteric fermentation and manure management

The production of CH4 from enteric fermentation in animals depends on the digestive system and the feed intake. Ruminants like cattle, buffaloes, goats and sheep produce most methane. Pseudo-ruminants (horses, mules, asses and camels) on second and monogastric animals (pigs) on third are also of some significance. Emissions are also dependent on feed intake, the higher intake - the higher the emissions.

The basic method of estimating the emission from livestock, both enteric fermentation and manure management, is as follows:

Livestock population

The livestock is to be divided into sub-groups according to the following rules.

 It is important to use the average annual livestock population and not the population at the beginning or end of the year.

 Dairy cattle ought to be separated from other cattle, and dairy cattle should be divided into sub-groups depending on whether the cattle are “improved” high producing breeds in commercial production or low producing cows managed with traditional methods. Data on the production of milk for these cows is required.

 Dividing the livestock into groups according to the climate where they live.  There are three climate-categories which the IPCC uses, cool, temperate and warm, where the annual average temperature respectively is less than 15C0, 15-25C0 and more than 25C0.

To summarise, the information needed to divide the livestock into sub-groups is, 

(  Average annual livestock population for the different animals.  Number of sheep, goats, bee hives, broilers, layers and cows by type, are available from the agricultural statistics. These figures are not, however, reported by the farmers but collected from the different governorate administrations.  There may be some uncertainty connected to the figures. An agricultural survey is planned this year, the first one, but it is supposed to be regular in the coming years.

(   Data on milk production per day for the different dairy cattle.  This is available from the agricultural statistics

( The portion of the different animals living in cool, temperate and warm climate. Number of the different animals is given for each governorate in the agricultural statistics. 

Specific emission factors for Palestine will give the most accurate estimates, but if this is not possible!, IPCC suggested default values should be used.  It should not be any problem implementing better factors in the future. 

N2O emissions from agricultural soils

Emissions of N2O from agricultural soils are divided into three groups, direct emissions, emissions from animals and indirect emissions. The main equation is shown below.

	Equation 1

	N2O = N2ODIRECT + N2OANIMALS + N2OINDIRECT


All the information needed to calculate N2O emissions from agricultural soils may be obtained from the agricultural statistics. 

The following data are needed in order to calculate emissions:

 Total use of synthetic fertiliser (in N/yr).

 Number of livestock, divided in non-dairy cattle, dairy cattle, poultry, sheep, swine and other animals (N(T)).

 Production of dry pulses and soyabeans and other N-fixing crops (kg/yr).

 Dry production of other crops (kg/yr). 

5.2  Direct emissions

The biogenic production of N2O comes primarily from nitrification - aerobic microbial oxidation of ammonium to nitrate - and denitrification - anaerobic microbial reduction of nitrate to nitrogen gas.  N2O is a gaseous intermediate in the reaction sequences of both processes. The processes depend on pH, soil moisture content and temperature.  The emission of N2O increases with the availability of mineral nitrogen.

Direct emissions of N2O exclude emission of NH3 and NOx and emission of N2O from manure dropped directly onto the soil.  The emission of N2O from manure from grazing animals is included under N2OANIMALS.  Some of the NH3 and NOx emitted to air produce N2O when deposited, this indirect emission is included in N2OINDIRECT.

N2O emissions from animals

N2O emissions from animals are caused by animals grazing.  This means emission from the manure dropped directly on the fields.

Indirect N2O emissions from agricultural soils

Indirect emission of N2O covers the sources of atmospheric deposition, leaching/runoff and sewage.  The atmospheric deposition of nitrogen as NOx and NH3 enhance the biological production of N2O.  The same enhancing effect is caused by leaching/runoff from cultivated fields and deposition of sewage into water and on land.  In other words excess nitrogen, meaning the amount of nitrogen that the plants are not utilising, promote emission of N2O.

The following equation shows how to calculate the indirect emission of N2O. 

	Equation 1

	N2Oindirect = N2O(G) + N2O(L) + N2O(S)

	
	

	N2O(G):
	N2O produced from atmospheric deposition of NOx and NH3 (kg N/year)

	N2O(L):
	N2O produced from nitrogen leaching and runoff (kg N/year)

	N2O(S):
	N2O produced from human sewage (kg N/year)

	
	


Table 5.1. Default Values for Nitrogen Excretion per Head of Animal for Near East and Mediterranean

	Animal
	Nitrogen excretion (N kg/animal/year)

	Non-dairy cattle
	50.0

	Dairy cattle
	70.0

	Poultry
	00.6

	Sheep
	12.0

	Swine
	16.0

	Other animals
	40.0


   Source: IPCC

5.3  Agricultural burning of residues

Agricultural burning will lead to emission of several pollutants.  Agricultural waste burned as energy, e.g. for cooking or heat should not be included here, but in the energy combustion section.

According to the agricultural statistics, agricultural crops residue may be left at field, burned outside, or feed to animal.  The proportions are not known but we use a suggested proportions in this methodology.  If most of the residues are burned within the household sector, it should not be accounted for in the agricultural sector, but under “energy combustion”.  It may be difficult to find activity data for this source. Amount of crops produced is available from the agricultural statistics. An assumption for how much of this that is burned has to be made until further knowledge is available.

The following information is needed to do the estimations:

 Amount of crops produced with residues that are commonly burned

 Ratio of residue to crop product

 Fraction of residue burned

 Dry matter content of residue

 Fraction oxidised in burning

 Carbon content of the residue

Calculating the carbon released are done using the following equation:

	Equation 1

	Total carbon released (tonnes of carbon) =

	[ all crop types [annual production (tonnes of biomass per year) *

	the ratio of residue to crop product (fraction) *

	the average dry matter fraction of residue (tonnes of dry matter/tonnes of biomass) *

	the fraction actually burned in the field *

	the fraction oxidised *

	the carbon fraction (tonnes of carbon/tonnes of dry matter)]


Follow the step by step calculation given in the IPCC workbook, and specify values used and assumption made.  Since values for Palestine not are available the default ones listed in tables 5.2 and 5.3 should be used. 

Table 5.2. Default Values for Emission Ratios of CH4, CO, N2O and Nox

	CH4 emission ratio
	0.005

	CO emission ratio:
	0.06

	N2O emission ratio:
	0.007

	NOx emission ratio:
	0.121


Table 5.3. Default Crop Residue Statistics

	Crop
	Residue/

crop product
	Dry matter

Fraction
	Carbon fraction

(% dm)
	Nitrogen-Carbon (N-C) ratio

	Wheat
	1.3
	0.78-0.88
	0.4853
	0.012

	Barley
	1.2
	0.78-0.88
	0.4567
	..

	Maize
	1.0
	0.30-0.50
	0.4709
	0.020

	Oates
	1.3
	..
	..
	..

	Rye
	1.6
	..
	..
	..

	Rice
	1.4
	0.78-0.88
	0.4144
	0.014

	Millet
	1.4
	..
	..
	0.016

	Sorghum
	1.4
	..
	..
	0.020

	Pea
	1.5
	..
	..
	..

	Bean
	2.1
	..
	..
	..

	Soya
	2.1
	..
	..
	0.050

	Potatoes
	0.4
	0.30-0.60
	0.4336
	..

	Feed beet
	0.3
	0.10-0.20a
	0.4072a
	..

	Sugar beat
	0.2
	0.10-0.20a
	0.4072a
	..

	Jerusalem artichoke
	0.8
	..
	..
	..

	Peanut
	1.0
	..
	..
	..

	a:
	Beet leaves
	
	
	


Greenhouses in Palestine do not use fuel for heating, due to the climatic conditions. The greenhouses are covered with plastic, which is burned after use.  It is uncertain how long the lifetime of the plastic is, according to the agricultural statistics may be burned every second or third year. Black plastic is used for some crops in the field. Also this plastic is burned after use, every year. The amount plastic burned from greenhouses may be estimated from the areas of the greenhouses or from values from the trade statistics. Black plastic may also be estimated from trade statistics.  According to the foreign trade statistics, the use of such plastics are limited to the agriculture.  The IPCC methodology does not suggest a default emission factor, so other international literature should be used.

According to the agricultural statistics, manure from cows is used as fuel. This should be accounted for in the energy section (fuel combustion in households).  This is not included in the available energy statistics due to lack of data, but it may be included in the energy accounts.

Chapter Six

Emissions from Waste

Disposal of industrial and municipal waste may lead to emissions of methane. This is globally a very important emission source of methane.  Incineration of waste will lead to emissions of a range of pollutants.  This is an important emission source in Palestine as about 85 per cent of the solid waste are burned.

Waste and wastewater treatment may also be an emission source. 

6.1. Solid waste disposal on land

When organic waste is land filled and bacteriologically anaerobically decomposed, methane is generated.  CO2 is formed under aerobe conditions.  Methane will be produced in both managed landfills and open dumpsites. Methane is mainly considered as a greenhouse gas, but landfill gas also causes unpleasant odours and great danger of explosion.  There are only open unmanaged landfills in Palestine.

Landfill gas (also named biogas) will consist of about 50% CH4 and 50% CO2 by volume.  In many countries the gas generated is collected and used for energy or flared.  The processes generating landfill gas are complicated and an emission estimate will be very uncertain. Important parameters are waste disposal practices, waste composition, moisture, temperature etc. 

The default IPCC methodology is not very sophisticated and it should be checked whether there are any Palestinian studies on emissions from waste disposal sites. 

The equation for annual emission of methane from landfills is as follows:

Emission of CH4 (103 tonne/year) =(MSW * Fmsw *MCF * DOC * Fdoc * FCH4 * 16/12 -R) * (1-OX)

MSW = municipal Solid Waste generated

Fmsw =  fraction of MSW disposed to solid waste disposal sites

MCF = methane correction factor (fraction)

DOC = degradable organic carbon (fraction)

Fdoc = fraction DOC dissimilated

FCH4 = fraction of CH4 in landfill gas (default is 0.5)

R = recovered CH4
OX = oxidation factor (fraction - default = 0)

Total MSW should preferably be known from surveys etc., but, if not available, it can be estimated from the population * Annual MSW generation rate. The population figure should only include the part of the Palestinian population where there is organised waste collection. That means that parts of the rural population should not be included. 

IPCC do not suggested any of the default values for Palestine, so one should choose those for a similar country. The values should be checked against Palestinian knowledge. 

The methane correction factor (MCF) will depend on the waste handling practices (table 6.1). The disposed waste in Palestine should be classified according to these categories. 

Table 6.1. Methane Correction Factors (MCF)

	
	MCF

	Managed
	1.0

	Unmanaged – deep (( 5m waste)
	0.8

	Unmanaged – shallow (< 5 m waste)
	0.4

	Unknown 
	0.6


Source: IPCC

The DOC (degradable organic carbon content) is based on the waste composition. 

Table 6.2. Default DOC for Major Waste Streams.

	
	% DOC

	Paper and textiles
	40

	Garden and park waste
	17

	Food waste
	15

	Wood and straw
	30


It is assumed that about 15 per cent of the solid waste in Palestine are land filled. The main types of waste in the households are known due to a survey.  A methodology for industrial waste is not included in the IPCC methodology. In Palestine all types of waste (municipal, medical and industrial) are mixed, and about 85 per cent is assumed to be burnt (the Ministry of Environment, but the figure is not published yet).  The types of industrial waste are known. The industry also burns some of their solid waste themselves, but the quantities are unknown. The emissions from burning of domestic solid waste brought to landfills can start by using default emission factors from IPCC.

6.2. Wastewater handling

Methane is produced during wastewater handling under anaerobic conditions depending on the type of handling. This is globally a quite important source of methane emissions and accounts for 8-11 per cent of the world’s methane emission (IPCC).  The emission level depends on the wastewater characteristic, handling systems or lack of such, temperature and BOD (biochemical oxygen demand)/COD (chemical oxygen demand). The wastewater’s content of organic materials is the most important factor when estimating the emission of methane.  BOD indicates the content of organic materials in domestic and commercial wastewater and sludge, while for industrial wastewater the indicator is COD. 

“The BOD indicates the amount of carbon that is aerobically biodegradable, whereas the COD indicates the total amount of carbon, chemi-degradable and non-biodegradable, that is available for oxidation.”   Methods of wastewater treatment (see the IPCC workbook for step by step calculation and factors):

 Aerobic methods of wastewater management (little or no production of CH4)

1. Open pits/latrines

2. Aerobic shallow ponds

3. River discharge

4. Sewer systems with aerobic treatment

 Anaerobic disposal and handling methods (high production of CH4)

1. Anaerobic deep ponds

2. Sewer systems with anaerobic treatment

3. Septic tanks

 Anaerobic methods with methane recovery, mainly for sludge handling

The data needed in order to make estimations of methane emission from wastewater handling, are:

 Population from whom their wastewater is decomposed in an anaerobe environment.

 Degradable organic component (DC) in kg DC per 1000 persons per year.

 Generation of wastewater and sludge in industry.

 Wastewater handling systems. Get an overview of the different wastewater handling systems and quantities of water through.

 Fraction of degradable organic components (DC) removed as sludge.

6.3. Waste incineration

Waste incineration will generate a range of hazardous pollutants. There is no plant incinerating waste in Palestine.  In Palestine, all types of waste (domestic, medical, and industrial) are mixed, and it is assumed that about 85 per cent are burned in open air. 

	Component
	kg/tonne

	PM
	8.0

	SO2
	0.5

	CO
	42.0

	CH4
	6.5

	NMVOC
	15.0

	NOx
	3.0


Chapter Seven

Data Quality

* It is important to note that there are other types of fuel (coke, other petroleum products, animal and vegetal residues) that are not included in the energy statistics due to lack of data, this will lead to an underestimation of the emissions.

* In all energy data related to transport sector, the informal sector is not included.

* Energy used by Israeli settlements (including households and industry zones) and military stations on the Palestinian Territory is not included in the energy statistics, the emission from these will depend on the type of fuel used and type of industry.  Also, emissions by all the Israeli cars driving in the Palestine Territory will not be included in the emission calculations.

* The emissions from agriculture sector are not included due to the unavailability of data.

* The emission of particular matter PM10 from economic sector are not included due to the unavailability of data on quantity of products.

* The emissions estimated  may be small amount due to the unavailability of all data about emissions sources.



* The emission factors used  are different some of them from international factors, Middle East factors, Egypt and Norway factors.
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