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Foreword

[ Soly2yQa {SO2yR . ASYyyAlFf ! LRFGIS wSLRNI o.! wo
Climate Change (UNFCCC) was prepared with the Enhanced Transparency Framework of the Paris
Agreement in mind. Fully aware of the challenges and gaps that it hizdéoduring the preparation

of the First Biennial Update Report, and encouraged by the guidance and assessment under the
International Consultation and Analysis (ICA) process, the BUR expert team drafted more than a
report. It started drafting a vision fafficient institutional arrangements and transparent reporting

of emissions, mitigation, finance and MRV for the Paris Agreement implementation era. While this
vision is far from being complete and perfect, it has created the much needed national momentum

for a broader involvement of national stakeholders and a sense of responsibility towards established

and upcoming UNFCCC processes.

The importance of the Second BUR also lies in the appropriation of its dual international and national
dimension. While ébanon understands that preparing a BUR is an opportunity to assess gaps and
needs in terms of climate finance and capacity building, and to monitor progress of implementation
of national development and sectoral policies with mitigation action compondméscountry is also

fully ready to participate in the international stocktaking cycles. Cautiously and consistently
submitting constantly improved BURs shows that we strongly believe in joining efforts to make sure
we are collectively efficiently workings parties towards achieving the global temperature goal we
have set for the planet under the Paris Agreement.

Concretely, main improvements on the technical level in the present BUR include a detailed trend
analysis, an incorporation of all recommendais from the ICA process in terms of reporting

capacity building needs, and improved tables with more complete information for reporting
mitigation actions and finance and capacity building information in line with discussed suggestions by
partiesinthe R 1 20 22NJ Ay 3 DNRBdzZL) 2y GKS tFNR& ! ANBSYSy(
BUR has been an opportunity to launch work on a national data repository for tracking emissions and
progress on the implementation of the Intended Nationally Determinedti@arion (INDC), on the

design of a climate finance reporting system, and on the establishment of standard procedures for
preparation and communication of BURs.

LO Aa ¢6A0GK 3INBIG K2y2dzNJ FyR SyiOuKdzaAlay Ol & L L
the international community. We hope readers will be able to appreciate our progress and
challenges, and we are looking forward to an era of unprecedented multilateral cooperation to
advance implementation of climate action through improved reporting.

Cjb
Tarek El Khatib
Minister of Environment
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Executive Summary

National circumstances

Lebanon is located otine eastern basin of the Mediterranean Sea with a surface area of 10,452 km

OKI N OGSNAT SR o0é Yzahte Yzdzylil Ay2dza bMNE2ADP ¢KS (
2013, includingforeign workers, Palestinian and Syridisplaced It is estinated that 858,641
displacedhave settled in Lebanon in 2013, including Syrian nationals, Palestine Refugees from Syria

and Lebanese returnees.

[ Soly2yQa SO2y2Yeé Aa NBflIGAGSte RADBGSNEATASR GAl
representing arond half of the economy, and a Gross Domestic Product (GDP) of USD 49.9 billion in

2014 and a GDP per capita of USD 18,052. Lebanon's growth track record is volatile. During the
period 20062010, real GDP growth averaged 7.7% before falling to 1.9% inZi1ELas a result of

geopolitical developments.

Lebanon is a sovereign state with a centralized political and administrative structure. The decision
making involves the Lebanese Parliament (128 seats) and the Council of Ministers which enact
regulations in the form of decisions and decrees. The Environmental Protection Law (law no.
444/2002) is the overarching legal instrument for environmental protection and management in
Lebanon and the National Council for the Environment (NCE) cHajrbe Ministry of Environment

is the body responsible for providing environmental policy and planning.

Greenhouse gas inventory

In 2013, Lebanon emitted 26,285 Gg.€ with the most significant greenhouse gas being carbon
dioxide, primarily produced frorthe burning of fossil fuels. The main contributor to greenhouse gas
emissions is the energy sector (including transport) with 79% of GHG emissions, followed by
industrial processes (10%) and waste sector (7% r&fovals from the land use, land use chan
and forestry category amounted to 3,518.80 Gg,LO 6 NAy IAy3d [ Soly2yQa ySi
22,766 Gg Coq.

Land Use, Land use

change and forestry

Agriculture\oo/0

4%

Energy
56%

Figure iLebanon's national greenhouse gas inventory by category in 2013
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Tablei:[ Sol y2y Qa
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Greenhouse gas source and CcQ CcQ CH CH N,O N,O Total
sink categories emissions| removals

Gg Gg Gg Gg Gg Gg Gg

CQeq. CQeq. CQeq.

Total national emissions and 23,246.21| -3,518.80| 96.68| 2,030.36| 3.25| 1,008.53| 26,284.69
removals
1 Energy 20,551.07 2.12 44.47 0.58| 179.56| 20,775.10
Energy industries 7,367.39 0.297 6.25 0.06 18.44| 7,392.08
Manufacturing industries anq 4 403.84 0.106 223| 0.03 9.89| 4,415.96
construction
Transport 5,987.93 1.273 26.74 0.46| 143.69| 6,158.35
Other sectors 2,791.91 0.441 9.26 0.02 7.55| 2,808.72
Fugitive emissions from fuels NO NO NO NO
2 Industrial processes 2,545.42 2,545.42
Mineral products 2,545.42 2,545.42
Chemical industry NE NE NE NE
Metal production NO NO NO NO
Other production NA NA NA NA
Production of halocarbons NO
and sulphur
Consumption of halocarbong NE
and sulphur
Other NO NO NO NO
3 Solvent and other product NE NE NE
use
4 Agriculture 1455| 305.55| 2.20| 682.00 987.55
Enteric fermentation 12.64| 265.44 265.44
Manure management 1.91 40.11 0.55 170.50 210.61
Rice cultivation NO NO
Agricultural soils 1.65| 511.50 511.50
Prescribed burning of NO NO NO NO NO
savannas
Field burning of agricultural NO NO NO NO NO
residues
Other NO NO NO NO NO
5 Land use, land use change 149.67| -3,518.80| 0.01 0.23| 0.0001 0.04 149.95
and forestry
Changes in forest and other
woody biomass stocks
Forest and grassland
conversion
Abandonment ofnanaged
lands
CQ emissions and removals
from soil
6 Waste 0.05 80.00| 1,680.11| 0.47| 146.51| 1,826.67
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Solid waste disposal on land 60.91| 1,279.14 0.00| 1,279.14
Wastewater handling 19.09| 400.97 0.47| 146.51 547.48
Waste incineration 0.05 0.05

NA: not applicable NE: not estimated NO: not occurring
Numbers may reflect rounding.

Indirect greenhouse gases such as carbon monoxide (CO), nitrogen oxides (Nxgtimame

organic volatile compounds (NMVOCSs) and sulphur dioxide which have indirect impacts on climate
and alter the atmospheric lifetimes of other greenhouse gases havéatso estimatedin Lebanon,

the transport sector is the major source of indirect greenhouses, being responsible for 61% of NO
emissions, 99% of CO emissions and 65% of NMVOCs. Fuel combustion for energy production is the
main emitter of S@with 94% of enissions, mainly caused by the sulphur content in burnt fuel. As for
industrial processes, they mainly emit NMVOCs, being responsible for 34% of these emissions.
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Figureii: Indirect GHG emissions and,®@issions in 2013

[ SolFy2y Qa DI DincleaSihgaad anzayeiage lrawof 3.4% every year, which lead to a
doubling of emissions since 1994heTirend of increase in total GHG emissions closely follows the
trend of emissions from the energy sector, which constituted 53% to 59% of total emiskiong

this period.This significant growth in emissions reflects the growing denfanelectricity, due in

part to the changing socieconomic conditions and to the expansion of the national grid. The 2
detectable drops in 2007 and 2010 and the sigaiftancrease in 2009 are mainly due to the impacts

of the July 2006 war where significant damage to the road network and electricity infrastructure was
inflicted. The rehabilitation of the infrastructure extended over 2 years, and it was not until 2009 tha
power plants started to run on full capacity again, hence explaining the peak in GHG emissions in
2009.
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The sector with the most significant change in emissions is still the transport sectoemwisisions
increasing by a factor of 3.9 reaching 6.1 ionlltonnes Céeqg. in 2013. This increase is mostly
related to the upturn of the number of registered vehicles in Lebanon from 500,000 in 1994 to

1,640,000 in 2013.

The waste sector also witnessed a significant increase in emissions, increasing by af fadtdrom
1994. With an increase in population, in waste generation and in percent of waste deposited in
landfills, methane emissions from solid waste disposal on land have increased by 93% during this

period.

The agriculture sector is still showinglecrease in emissions with a reduction-6% from the 1994
levels, mainly due to the decrease in emissions from agricultural soils and to a lesser extent from
enteric fermentation.

As for Land Use, Land Use and Forestry, forests are still constitutpagtémt sinks of greenhouse
gases. However, changes in forest and vegetation covers due to wildfires and mainly urbanization
resulted in a net decrease of 2.37% in,€EQissions.
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Figureii: Trend of GHG emissions 198213
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Climate change mitigation

As a party to the UNFCCC, Lebanon has made efforts to implement activities that lead to emission
reduction based on its capabilities and taking into account its national circumstakidgation
measures are mainly achieved in the power and forestryossct

In 2013, mitigation measures implemented in the energy sector contributed in reducing emissions by
513,063 tonnes C@q., with the expansion of the solar water heaters and the replacement of
incandescent lamps inducing the most significant emissidaoctons.

As for land use, land change and forestry, afforestation and reforestation activities were sustained
and increased by the Ministry of Agriculture and leader organizations in the country such as the
Association for Forest Development and Conseovatand Jouzour Loubnan. In 2013, the total
amount of GHG emissions that has been removed from mitigation actions in this sector to 18.996 Gg
CQeq. in 2013

[ S61 y2yQa G(NIyaLl NByoOs TFTNIYS62Nl I AyadAaddzdiazyl f

As part of enhancingd Sot y2y Qa NBIFIRAySadaa G2 AYLXSYSyd GKS
transparency, several initiatives are being undertaken:

- Minister of Environment decision 99/1 whigrovides an incentive to the private sector to
report on a voluntary basis their GHG iesions and related activity data to the Ministry of
Environment. The latter is planning to undertake an assessment to determine the relevance
and scalability of the initiative for better informing climate change policy in Lebanon.

- Cooperation between Mistries of Environment and Industry, which entail collection of
information by requesting that basic activity data be included as part of the standard
procedures followed for industries tcquire their business licenses

- Cooperation between Ministries dEnvironment and Finance, which entails data request
included in the online tax declaration template. A first round of data collection will be
launched starting 2018 for the companies registered at the Large Taxpayer Office.

- The Lebanon Climate Act initia#i, which aims to engage the private sector and -state
actors in climate action. A series of trainings have been conducted to support companies in
determining their level of engagement, identifying potential partners from civil society and
municipalities, and developing implementation, monitoring and reporting plan for their
climate actions.

- Transparencyaw, which giveaccess to information lawo the public and whiclprescribes
that all government entities publish online key documents showing perfooaandicators.

The law is a positive step towards improving transparency and public accountability, and
work for climate change transparency will benefit from this initiative.

- Management and Information Sgsn for Climate Action (MISCA), whigh an online
AYF2NXIEGA2Y aeadSyYy GKIFG GNYOla LINRPAINBaa 2F A
Nationally Determined Contribution. The Ministry of Environment aims at expanding the
MISCA initiative to include other ministries. This would be an important nmowards
SYKFyOAy3 [Soly2yQa STFSOGAGSySaa FyR (NI yalLl

Some gaps and challenges still exist to coordinate these initiatives and to enforce their efficient
implementation.
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Constraints and gaps, and related financial, technical and capacity neiedkjding a description of
support needed and received

The main challenge related to the preparation process of the BUR is the absence of sustainability of
the team responsible for the climate reporting processes at the Ministry of Environment. Therefore,
the main need is the provision of permanent financial and administrative support to the Ministry of
Environment in order to guarantee the sustainability, continuity and integrity of the information
reported in the BUR. This can be ensured through the distahent of the MRV Coordinatirigntity

which will be responsible not only for tracking climate change activities and collecting relevant data,
but also in identifying needs to strengthen climate reporting processes in Lebanon.

Other significant challenge®late to the preparation of national inventories. They include but are

not limited to the centralization of data management, the development of measurement campaigns

G2 o0SGGUSNI OKI N OGSNARAT S [Soly2yQa SySNHpofamed aliSya
official census on the population in Lebanon or the manure management systems.

Challenges also exist in the collection and consolidation of information related to existing mitigation
actions. They are mainly related to limited availability of dat@eak coordination between

institutions working in climate change and the difficulty in quantifying emission reductions achieved.

Lebanon also needs to improve its institutional arrangements that would allow exhaustive and
accurate reporting of support ceived for climate change activities. Efforts are underway to define
climate finance and devise a process to establish a system for MRV of support received (including
capacitybuilding and technology transfer) and their respective financing and linkage®@ goals.
Lebanon has attempted in the present BUR to gather readily available and trusted information, in a
format that, if developed and improved, could inform the global stocktake more easily. Only
information on climate related projects that have beapproved by donors and whose beneficiary is
the Ministry of Environment since the submission of BURI has been considered in this report and
presented in tabular formats. The report also includes a table which lists the participation of
representatives ofLebanon in capacity building events related to climate change since the
submission of the first BUR.
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l. National circumstances
1 Government structure

[ Soly2yQa fS3IAraftlidAPdS o02ReX NBLINSaiSofgarszBd inloe G KS
specialized committeesamong which tB Committee for Environmeén The Environmental
Protection Lawlaw no. 444/2002) ighe overarching legal instrument for environmental protection

and managemenin Lebanon.

The Ministry of Environméns the main national coordinator for climate change and the UNFCCC
focal point. The Ministry also chairs the National Council for the Environment (NCE) which is
composed of official representatives from 7 ministries (the Ministry of Environment; and the
ministries of Finance, Interior and Municipalities, Agriculture, Public Works and Transport, Energy
and Water, and Industry) and 7 ngmnublic entities (Order of Physicians, Order of Engineers and
Architects, The Bar Association, Association of Banks, iAssoc of Insurance Companies,
representative of NorGovernmental Organizations (NGOs), representative of the academic sector).
The NCE is mandated to approve environmental policies and strategies and integrate environmental
concept, including climate chge issues, into national development plans.

Work on climate change in Lebanon is mandatedvistue of law 359/1994 andlaw 738/2006
relating to the ratification of theUnited Nations Framework Convention on Climate Change
(UNFCCGnd the Kyoto ProtocdKP)respectively The Paris Agreement was signed by the Lebanese
Prime Minister in April 2016 and the draft ratification law is awaiting approval byl #imnese
Parliamentafter having been approved by the relevant parliamentarian committéésder theParis
Agreement, Lebanon submitted its Nationally Determined Contribution (NDC) under which the
country has set 2030target of reducing it$SHGemissiors by 15% as an unconditional target and by
30% conditional to financial, technical and capacity lngdupport

No major legislation directly addresses climate change in Lebanon. However, a number of regulations
have addressed issues that could be linked to climate change, such as the reduction of air pollution
from transport (aw 341/2001), the reduatin of energy import by developing local energy including
renewable energies (Council of Ministers, decisimn 13/2004), energy efficiency standards and
labels,tax incentives on green products well as large scale renewable energy indust@scree

167 under Law 4449nd other decisions relating to the ratification of conventions such as thiced
Nations (UN)Convention on Biodiversity or the UN Convention to Combat Desertification.

Tablel:[ SoFy2yQad LYGSYRSR blidAa2ylrfteé 5SGSNY¥AYSR /2y

Targets Unconditional Targeby 2030 Conditional Targeby 2030
National 15% reduction of greenhouse gas emissions 30% reduction of greenhouse gas emissions
Energy Refurbishment, replacement and extension of conventional power generation capacities an

switch to natural gas

15%increase in the share of renewables 20%increase in the share of renewables
meeting the power and het demand meeting the power and het demand
3% reduction in power demand through enerr  10% reduction in power demand throug
efficiency measugs energy efficiency measures

Transport  36% stabilization of the share of annu  48% stabilization of the share of annu
passengerkilometres driven using public  passengerkilometres driven using publi
transport transport

20% increase in the share of fuel efficie
vehicles in the fleet by 2030

Waste waste management through energy recovery, equivalent to avoiding emissions from landfilling of
tonnes solid waste per day
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25% recycling rate

51% of municipal wastewater treatment

30% recycling rate

70%% of municipal wastewater treatment

Forestry 20 million trees planted 26 million trees planted

2 Population profile

Leba/ 2 Yy Q&  LJasldstiindteill 1o2b§6,131,254in 2013, includingforeign workers,Palestinian
and Syriardisplaced[ S 0 I yp@pyil&ién profile has changed drastically between 2012 and 2013
due to the increasing influx of Syrialisplaced entering the countrgispersing themselves across
more than 1,200 villages in Lebandn.2013, it is estimated that 858,64lisplacedhavesettled in
Lebanon, includingyrian nationals, Palestirgefugeesrom Syria and Lebanese returnees (UNHCR,
2013). Although rost of the displaced Syrians are living in rented accommodations or hosted within
Lebanese communitieg},231 informal settlements have spreaross the countrymainly in the
Bekaa andhe North RegionsThe large influx odlisplacedhas constituted a heavy burden on already
fragile environmental reaarces and has directly impactezhergy demand and consption, solid
waste and wastewater generation and managemaedit, quality, food consumptionand land use
(MoE/EU/UNDP, 2014).

3 Geographic profile
Lebanon is located on the eastern basin of the Mediterraneana®eaischaracterized by mostly
mountainous aras constituted of tk following parts

A narrow coastal plain composed of 2 plains, one in the north (Aakar) and one in the
south (Tyre) and a succession of little narrow plains separated by rocky headlands in the
center.

The Mount Lebanon chaihas an average elevation of about 2,200 m. Cut by deep
canyons, and composed essentially of Jurassic thick carbonate sediments, the northern
part of the chain is the higher region.

The Anti Lebanon chainsubdivided into two massives: Talaat Moussa (2,62%nthe
north and Jabal el Sheikh or the Mount Hermon (2,814 m) in the south.

TheBekaavalley- a flat basin with a length of about 120 km, located between the Mount
Lebanon and the Anti Lebanon chains. Its elevation averages at 900 m, peaking at 1,000
m at its center.
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Figurel: Geographical location of Lebanon
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4  Climateprofile

Lebanon hasa Mediterraneantype climate characterized by hot and dry summers (June to
September) and cool and rainy winters (Decembemid-March). Spring and autumn are warm and
pleasant¢ KS I GSNIF 3S Fyydzrf GSYLISNI GdzNE A& wmpe/ ®

Along the coast, summers are hot and humid with temperatures crossing 35°C in August. But due to
the moderating effect of the sea, the daily temperature rangeasower than it is inland. January is

the coldest month, with temperatures around 5 to 10°C. The mean annual rainfall onotist
ranges between 700 and@0Omm (Asmar, 2011). About 70% of the average rainfall in the country
falls between November and Meh and is concentrated during only a few days of the rainy season,
falling in heavy cloudbursts or violent storms. Rainfall in inland Lebanon isr higghesnow in the
mountains (1600 mm according to Asmar, 2011) than that along the coast.

5 Economic profe

[ Soly2yQa SO2y2yYeée Aa NBf I (curgds, tmanufeciudh§ NdnstridicioS R 6 A
and financeg representing around half of the economy, an@assDomesticProduct (GDPYf USD

49.9 billion in 2014and a GDP per capitaf USD 18,052 ebanon's growth track record is volatile

Duringthe period2006-2010 real GDP growth averaged 7.7% before falling to 1.9% in-2014as

a result of geopolitical developments

[ Soly2yQa SO2y2vYe adzZFFSNE T NR G, includiggdaveakShasic2 ¥ & 0
infrastructure (e.g., roads, water, electricity and telecommunications). Conflicts over the years have
damaged infrastructure, which suffers from underinvestment and inefficient management.
Accounting for less than 2% of GDP, tBe@S Ny YSy 1 Qa OF LIAGEE SELISYRA G dzN
crowded out by large and rising debérvicing and wage expenditures. The economy continues to

face heavy shortages of electricity because of the lack of investment in new capacity and an
inefficiert energy subsidy system.

6 Energy

In Lebanon, electricity is generated from thermal and hydroelectric power plants, with a rate of 91%
and 9% respectively in 2013 (MoEW, 881(hydropower averaged at 6.54% from 2009 to 2015)
Lfy2ad |t 2% efjedpreqienients arelifhdbriéd, since the country does not have
any indigenous energy sources. Out of the 7 thermal power plants in Lebanon, 3 operate on heavy
fuel oil and 4 on gas diesel oil. Currently, there is no supply of natural gas to Lebtoagla a gas
pipeline has been connected and a natural gas station has been constructed at the Tripoli
installations. Recent studies and surveys conducted in the deep offshore Exclusive Economic Zones
have shown very promising seismic conditions for hgdrbon deposits, mainly natural gas with
some oil. As a result, Lebanon had already started the development phase for the exploration and
production era which is expected to have a positive economic impact on the country.

Due to load shedding, technicaldlgi S& 'y R (GKS F3Ay3 2F LIR2GGSNI LI I yi
suffers from frequent shortages from the difference between supply and demand. In 2013, Ekectricit

du Liban has supplied 11,728 GWh of electricity while the demand was estimated at /876

giving space to the proliferation of privately owned generators. While some of these generators are
located in industrial facilities or in commercial institutions, most of them are spread within
neighbourhoods, supplying electricity to residential bt and small retailers at a monthly fixed
subscription fee.

To overcome the problems faced by the energy sector, the Ministry of Energy and {MatEW)
published the Energy Policy Paper in 2010, which proposed a series of actions related to generation,
transmission, and distribution of electricity including the generation of 12% of renewable energy by
2020. The Policy Paper was followed by the 2 National Ergffgyiency Action Plans NEEA®Y (
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2011-2015 and 201£020) in addition to the National Renewable Energy Action Plan NREAP for
20162020 setting up a series of activities to implement the targe¢s by the Policy Paper
(MoEW/LCEC, 2011; MoEW/LCEC, 2016a; MOEW/2TIB0).

In 2015, and- & LI NI 2F [ Soly2yQa bl ((NROYseftdrab targetS oS NY A y S
2020 were set for the energy sector: 15% renewable energy and 3% reduction in demand from
energy eficiency as an unconditionaltarget and 20% renewable energy with 1G0&guction in

demand as a target conditional to technical, financial and capacity building support.

In terms of renewable energy in Lebanon, its share in energy production is slowly but steadily
increasing. The main contributor to the renewable energy mix is hydropower, producing be8deen
and1f: 2F (G KS 02 dzy (i NB Q adepérliig of te Prechitddbe leveINR cRaz@aaiA 2 v
The potential for hydroelectric power in Lebanon is significant, conditional to the rehabilitation and
upgrade of existing units, the installation of new hydro units on the main rivers and streams and the
development ofmicro-hydro potential on small streams and narer sources.

Lebanon has an abundant solar resource with high solar irradiance levels, providing a net feasible
potential energy productionf 6,780 GWh/year. Photovoltaic (PV) power systems are currbathg

used in Lebanon mostly at the micro level and for specific applications like street ligiad),
decentralised residential installatiorsd other municipal use. In 2013, a 1 MW grid connected PV
farm has been installed over Beirut River as pathe MoEW/LCEC Beirut River Solar Snake project,
generating up to 1,665 MWh/year as per the initial simulations. In addition, more than 700 small
scale PV projects and 8,000 public street lighting systems are installed in Lebanon by the
government, locaimunicipalities and internationally funded projects such as the Country Energy
Efficiency and Renewable Energy Demonstration Project (CEDRO) and UNDP Small Decentralized
Renewable Energy Power Generation Project (DREG) projemsaged by the United Nations
Development Programme (UND®)oEW/LCEC,; 2016b).

Solar water heating technology is already a mature technology in Lebanon and its market is
witnessing a steady growth. In 2013 around 400,660f solar water heaters were installed in the
country, exceeihg the 190,000 rhtarget set initiallyby the first NEEAP 2012015 (MoEWI/LCEC;
2016b).

The country has a significant wind potential of 12,139 GWh/year, however no wind farm has been
commissioned yet in Lebanon (MoEW/LCEI16b). The licensing of 3 farmdth a total capacity of
ca. 200 MW has started in 2017, with energy production expected by 2020.

As an incentive for increasing the share of decentralized renewable energy, net metering was
launched by theElectricie du Liban to boost the developmentf aistributed renewable energy
generation. A number of private consumers are benefiting from the net metering contict.
addition, a financing mechanism known as National Energy Efficiency and Renewable Energy Action
(NEEREA) has been established by Geatral Bank of Lebanon and the LCEC in 2012 in which
subsidized loans are given to financing new and existing energy efficiency, renewable energy and
green building projects to private sector entities. NEEREA has benefited ft8DE5 million grant

from the European Union in its staup phase of 2012014 and has helped to fundore than 225
projects with a total amount of loans of USD 240 Million by-20d5(MoEW/LCEQ0167).

7  Transport

Land transportin Lebanon consists mainly of roathotorized vehicles, since appropriate
infrastructure for nommotorized vehiclesdoes not exist (i.e. bicycle lanes, safe storage, and
convenient and affordable bike rentals) and the entire rail network is currently der&icad
motorized vehicles rely mainly on persofmalned passenger cars. The 2013 vehicle fleet database
shows a total of 1.64 millioregistered vehicleanainly constituted of passenger cars.
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Figure2: The 2013 vehicle fleet distributio

Mass transport consists of public and private buses, #ranis as well as exclusive and shariele
taxis, all operating on an daabc basis without any coordination, resulting in very poor occupancy
rates (MoE/URC/GEF, 2012Z)he mass transport markeshare inLebanon isweak due to the
impracticality, lack of safety and restricted reach of public transportation compared to the
attractiveness of owning a private automobile, an alternative that is still promoted in Lebanon
through bank loan facilities anaffordable new and used car imports.

The driving patterns in Lebanon are characterized by a relatively low driving range with a high rate of
congestion and frequent stops at short time intervals. It is estimated that 50% of trips have a
distance lower tn 5 km, 25% of stops are below 2 seconds and the total stop time per trip
corresponds to more than 15% of travel time (Mansour, 2011). Moreover, observed results reflect
the continuous stopand-go driving patterns, therefore resulting in the inefficienpevation of
internal combustion engines, and a high rate of fuel consumption and pollutant emissions as a result.

The main road transpotegislationsare law 341 (6/08/2001) and decree no. 7858/2002, banning the
use of private and public cars of dieseberes starting from 1%6/2002, and the use of public buses

of 16 to 24 passengers of diesel engines starting from 31/10/2002014, the Ministry of Public
Works and Transport (MoPWT) presented to the Council of Ministers the master plan to revitalize
the land public transport for passengers. It encloses a set of actions to be implemented on the short
and medium terms, shifting the passenger transport demand to mass transit systems.

In terms of aviation activitiedyliddle East Airlines is the national air carrier of Lebanon and Beirut
International Airport is the only operational commercial airportinthecourfin5 6 I y2y R2Say Qi
any scheduled domestic flightlie to the small surface area of the country.

As fa maritime activitiesLebanonhas five legaharbors: Beirut, Tipoli, Saida, Tyrand Jounieh.
Theport of Beirut hosts around 78% of the incoming ships to Lebanon and the port of Tripoli hosts
around 16% (CAS, 2014). The number of yearly incoming aipeil tankers to Beirut port ranges
between 2,000 and 2,400 ships, with a total capacity around 700,000 containers Total Equivalent
Unit per year (Beirut port statistics, 2014). As for Tripoli, its port hosts around 350 to 450 yearly
incoming containeand cargo ships, and 50 to 90 oil tankers (Tripoli port statistics, 2014).

The fisheries host a fleet of around 2,860 boats with a yearly catch of 9,000 tonnes. About 98% of the
fleet is constituted of open woody boats with length less than 12 m (EastRE®). The fleet is old

(e.g. average age of 17 years at the port ofeJyand spread over 44 local harbors, most of which
requiring major infrastructure maintenance intervention.

8 Industry

The industrial sector in Lebanon remains an important pillar efdbonomy contributing to roughly
TOw: 2F (GKS O2dzy i NB Q ate via§ muchihighernimtivenitiels (B.g. &sfintz@K ( KA &
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at 12.5% in 199¢ The Lebanese industrial establishments are considered as new industries, with
61.7% established betvea 1990 and 2007 (Mol/ALI/UNIDO, 2010).

According to the Ministry of Industry (Mol) latest census, conducted in 2007 and published in 2010,
the total industrial output for 4,033 industrial establishments (establishments employing more than

5 workers) realsed USD 6.8 billion. As such, the industrial sector productivity has significantly
increased compared to 1998, whereby the industrial output was equivalent to USD 3.1 billion (for
5,082 industrial establishments employing more than 4 workers). This saniifincrease in
productivity of the industrial sector is reflected by the fact that the average value of output per
enterprise has increased to USD 1,686,162 in 2007 compared to USD 542,326 in 1998
(Mol/ALI/UNIDO, 2010). The industrial census has not bipeiated since 2007.

The key industrial sectors in Lebanon are food products and beverages, fabricated metal products
and other nommetallic mineral products. These constitute 50% of the economic activity of the
industries in the country. Other sectorsclade the chemical sector, furniture manufacturing and
electrical machinery manufacturingigure3) (Mol/ALI/UNIDO, 2010).

Printed matter and
recorded media Machinery

Furniture and other Pulp, paper andRubber and plastic
manufactured  paper products\ products

goods n.e.c 2% 4% 5% and
18%\ equipment
Chemicals 3%
and man

made fibres
5%_\

Electrical machinery
and apparatus
2%

Figure3: Distribution of industrial establishments by economic activity in Z@d7ebanon

The industrial sector hosts large unitsrural and remote areas, mainly manufacturing activities
using large surface areas for their operations. The largest industrial establishments are located out of
the Governorate of Beirut and Mount Lebanon, especially in North Lebanon and Bekaa.

Accordingto the Mol, around 75% of the industries were mostly established prior to the enactment

2T GKS RSONBS ynmykHnnH at SNYAGGAY3T 2F 9adlofAal
alignment of industrial enterprises with recent permitting systems)uiding the environmental
management rguirements (EFL, 2013). The MoE is responsible for the environmental compliance of
industrial establishments through the implementation of the Environmental Compliance Decree
8471/2012 and its related decisions (202203/1 & 271/1- 2013). Depending on the size and type
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of each industrial establishment, water and air pollution abatement measures have to be undertaken
to comply with the decree.

9 Wasteand wastewater

Solid waste management

Throughout the last 20 yearsolid waste management n Lebanon has witnessed significant
technical, legal and institutional changes, in an attempt to organize the sétbovever,to date, no

clear welldefined strategy has been agreed in the country.idl@l consensus has not been reached
yet on a specific solid waste management strategy despite the various attempts and efforts put in
place throughout the yeargspecially after the waste crisis the country is witnessing since July 2015,
after the closue of the main landfill of the country.

MunicipalSolid Waste (MSW) generated in Lebanon is either disposed of in managed landfills (mainly
in urban agglomerations) or disposed of in open dumpsites (mainly in rural areas) where open
burning occurs. Hazaptdis waste, that are mainly produced from industrial activities is disposed of
with MSW in landfills and open dumps or stored on location. In rare cases, it is exported to be
treated abroad according to the Basel Convention.

It is estimated that around 17% of the waste generated is recycled or composted. Estimates for the
amount recycled may understate the actual importance of recycling since this activity is conducted in
part by the «informal» sector whose activities are, dsfinition, difficult to quantify. Informal and
semiformal private sector entities, which collect recyclable materials from municipalities, treatment
facilities or directly from consumers, have created a market for recycling, providing livelibnod
thousands of people. Although, the extent of this recycling activity varies according to market
conditions, thedraft Law on ntegrated solid waste management clearly aims at reducing the
guantity of wastes to be disposed by promoting waste minimization, soseparation, recycling and
energy recovery (Sweepnet, 2014).

There are4 main landfillsin Lebanorthat have been receiving since 1998 around 55% of the total
generated solid waste in LebanoklVaste sorting in dedicated facilities precede modt the
landfilling activities.

The Naameh Landfillvas established in 1997 as part of the emergency plan for solid waste
management for the GBaAndreceives the majority othe waste generated in Lebanon. The Landfill
receivedaround 2,500 tonnes per dagnd iscomplemented by2 sorting facilitiesand a composting
facility. The landfill is equipped with a 7MW power plant with 7 containerized generating sets and is
designed to generate energy for own use at the facility. After 18 years of operation and 12 million
tons of wastethe site was closed on 17 July 2015, leading to a major waste crisis in the country.

The Zahle landfill was opened in 2002 in the Bekdley andwas designed and built teeceive 150
tonnes per daysening 18 out of 33 municipalities irthe Caza of Zahl&he landfill is complemented
by a sorting facility since 2008 but no composting activities are taking phacand 160 tonnes of
MSW are landfilled per dajlethane generation is insignificant and is flared.

The Tripoli controlledlumpsite is located on the Tripoli seafront and serves the city of Tripoli as well
as the neighboring towns with an estimated population of 400,000 inhabitafite managed
dumpsite, which receives around 380 tonnes of wagennexed b sorting faciliy however not
operational yet.

The Saida waste facility and landfill has beperationalsince 20130 treat the MSW generated by
the city of Saida and its surrounding ared$e facility includes sorting facility and anaerobic
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digestion plant with @areatment capacity of 300 tons/dayCurrentlyaround200 tonnesare landfilled
perdayand1.6 megawattsire beingoroduced forinternal use

A number of small and medium sized sorting and compogtailjtieshavealsobeenimplemented

at a municipal level with treatment capacity ranging fr&@mo 250 tonnes/day. Funding has been
securedthrough Eiropean Commissiogrants United States Agency for International Development
(USAID), as well as some N@aovernmental Organizations (NGOs) ik& S | 2dzy3 a Sy Qa
Association, Pontifical Mission, and Creative Associates Intenadtimc. The execution of the
facilities has been undertaken by the private sector, contracted through the concerned municipalities
while the operation ofthesefacilities is carried out by the municipalities themselvdswever, he
projects have known limited success due to lack of financing of the operation and maintenance
services and lack of technical capabilities of the municipalities to ensure efficiedt wsatite
management.

Table2: OMSARmMplemented MSW Treatment Facilities (outside GBA and Mount Lebanon)

Treatment / design

MSW treatment and disposal facility capacity (t d)z Status
Hbaline (Jbeil) Sorting and Composting Facility 100
Khiam (South Leb.) Sorting and Composting Facility 25
Qabrikha (South Leb.) Sorting and Composting Facility 25
KherbitSilm (South Leb.) Sorting and Composting Facility 10
Union of Municipalities of Tyré Ain Baal (South Leb.) Sorting al Operational

. . 150
Composting Facility (based on
Ansar / Nabatieh (South Leb.) Sorting and Composting Facility 10 (r:l:)ar\:?;];)m ent
Union of Municipalities of Minieh (Akkar) Sorting and Compos 70
Facility
Michmich (Akkar) Sorting and Compostiegility 10
Union of Municipalities of Baalbedkermel Sorting and Compostin 200
Facility
Tripoli (Union of Municipalities of Al Fayhaa) Sorting Facility 420 Constructed
ChoufSwaijang Kahlouneyye (Chouf) Sorting and Composting Faci 30 2;2rationaron

. . . . . (awaiting

Union of_ Munlc!pahtles of Nabatielt Chquif (Kfour) Sorting an 250 management
Composting Facility contract)
Taibeh (Nabatiehg Sorting and Composting 10
Qlaiaa (Nabatiend Sorting and Composting 5.0
Kfarsir (Nabatiehy Sorting 7.5 Operational
Aitaroun (Bent Jbeil) Sorting and Composting 15.0
Chagra (Bent Jbeit)Sorting and Composting 5.0
Bent Jbeil (Bent Jbeit)Sorting and Composting 20.0

1 Composting capacities of the facilities are estimatete approximately 50% of their respective sorting capacities

2 Capacities for operational facilities indicate the treatment capacities. Capacities foremugruction and constructed
non-operationalfacilities indicate the initial design capacity.

Source| Sweepnet, 201MoE/UNDP/ECODIT, 2011
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Open dumping and open burning BfSWare still practiced in Lebanon. Around 670 dumpsites have
been reported in 201QMoE UNDRPELARD, 20119ut of which 504 are MSW dumpsites and the rest
is construction analemolition dumpsitesindustrial solid waste is still dumped with MSW since no
industrial waste treatment facilities exist in the country.

Incinerationof MSWis not practiced in Lebanon. Onlsmall quantity ofhealth carewasteis being
incinerated byhospitals.Currently, and after the enactment of decree 8006 in 2002 on the proper
management of the health care waste in Lebanon, several hospitals started managing their waste
mainly through autoclaving. However, although no license for medical viasigerators has been
issued after 2004, some hospitals are still using this pmclids estimated that in 2013%7 tonnes

of health cae waste have been incinerated. In addition, an incinerator at a university animal care
facility has been incineratin an estimated 37 tonnes/year of animal casses since 2004
(MoOE/UNEP/GERD17).

Wastewater generation and management

Lebanon generates around 248 millior? af wastewater per yearmost of whichis discharged
without prior treatment. Although 66% of households are estimated to be connected to a
wastewater network, only 8%f wastewateris being currently treated in small scaleural waste
water treatmentplants (MoEW, 2014 World Eank, 2011)

Wastewater is discharged directly in tkea and surface water bodies, in open sewers or in septic
tanks that arestill widely adopted in rural area€oastal waterseceivemore than 60%of the total
sewageload of Lebanon, fromat least 53 sewage outfalls, 16 of which lie in the Beirut area
(MoE/UNDP/Ecodit,2011)Industrial wastewater is rarely treated at the industry level prior to its
discharge in the environment or in the public sewer network.

The government of Lebanon, through tiMinistry of Energy and Water (MoEW) developed the
Naional Water Sector Strategin 2012, which aims at increasing the wastewater collection,
treatment and reuse rates by 2020. Due the regulatory, institutionabnd financial barriers, the
implementation of the plan is being delayed.

Somewastewatertreatment plantswere built in recent years through grants and/or loahewever
only few of them areefficiently operating due to lack of financing adperation and maintenance
services and lack of technical capabilities of the municipalitiesaier esablishmentsto ensure
properwastewatertreatment.

The heawyflow influx of Syriamisplacedo the Lebanese territories since the Syrian conflict &iae

had its implicationson solid waste and wastewater generation and management. It has been
estimated that the incremental annual waste generateddigplacedis equivalent to 15.7% of the
solid waste generated by Lebanese citizens prior to the crisisaddition, national wasteater
generation rates have increased between 8 and 14% with the Bekaa having the highesbfshare
displaced populationMost of his incremental wastewateis being discharged of without treatment

in the Litani River and 10% into open laijbioE/EU/UNDP,@14).

10 Agriculture

Agriculture is a vital part of the Lebanese economy and its social and cultural heritage. Even though
0KS aSO02NRa aKIFINBE 2F GKS D5tz A& -Blofolthemdvet & f 2 ¢
work force and constitutes 17%f the total exports (MoA, 2010a). In rural areas, however,
agriculture is reported to contribute up to 80% of the local GDP and represents the major ncome
SFNYAYy3 IyR SYLX2@YSyid 2LIR2NIdzyAde 6+SNYSNI Sa ¢
agriculture production in the country is characterized by a higher value added per square kilometer,
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reflecting a higher intensity of production and greater focus on higher value fruits and vegetables

O0C! hY wHammlIO0O® [/ 2YLI NBR (2 of thep GDP reaéh&dy9% lagriblitueabzt ( dzN.
contribution to the GDP has been steadily decreasing. There are many reasons for this decline
including the postvar economic crisis, urban encroachment that changed the rural landscape of the
country, government economipolicies favoring other sectors, emigration of young generation of

farmers and the switch from farming to highpaid jobs, and climate change with its concomitant

effect on crops, pastures, and water resources.

According to FAOSTAT (FAO, 2011a) thd &mdcultural area is estimated at 638,000 ha (62% of
total surface area). As indicated figure4, pastures and meadows constitute approximatg8go of
the total area, permanent crops 12%, arable land 11%, and forests 13% of the total surface area of

Lebanon.

Arable land
11% Permanent

meadows and
pastures
3%

Figure4: Agricultural land use in Lebanon (% of total agriculture area)
Source| Adapted from FAOSTAT, 2011a

Acording to the Ministry of Agriculture (MoA) 2010 census, the utilized agricultural area was
approximately 231,000 ha, which is lower by 6% in comparison with the value from previous census
in 1998. Of these, 106,272 ha were dedicated for seasonal crogpsggregetables, legumes, root
crops, industrial crops, and forages) including 3,800 ha of greenhouse crops and 125,928 ha for
permanent crops (olives, fruit trees, citrus, and grapes).

10
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Grain crops
Olives \20%

Legumes

/ 4%

Forages
1%

Vegetables
17%

Fruit Trees
31%
Industrial crops
4%

Figure5: Agricultural production in Letmon
Source| MoA, 2010b

Of the total utilized agricultural land, approximately half is irrigated, and increased by 8% compared
to irrigated areas in 1998. Flood and furrow irrigation comprise 50% of irrigated land, while
approximately 30% is throughigrand 20% through sprinkler irrigation.

Agricultural production in Lebanon is diverse reflecting a Mediterranean climate with variable
temperature and precipitation regimes, and distributed in the following regions of the country:

1. The Bekaa:Oncereg@SR | 4 (GKS WoNBIR o6lai1sSid 2F (GKS w2Yl

most important production area and accounts for the highest percentage of seasonal crops
(60%) as in cereals, potatoes, and vegetables, and in stone fruits, and grapevine. It alswsconta
the highest percentage of cattle population (43%), sheep (72%), goats (51%) and poultry layers
(60%).

2. The north and Akkar Plain: Olives, cereals, potatoes, vegetables, cattle and poultry broilers
production.

3. South and Nabatieh: Olives, cerealsgetables, and tobacco production.

4. Mount Lebanon: Fruits, vegetables, poultry broilers, and swine production.

In addition, the geographical coastal strip along the Mediterranean coast from the North of the
country to the South is home for intensive vegele greenhouse production, citrus fruits, and
bananas.

Crop production

[ Soly2yQa YIAY F3ANROdz GdzNI £ ONRLIJA FNBE FTNMHzA Gaz
Pressure on the land base has led to a decline in cereal production in favor afaftughcrops such

as vegetables. Lebanon is sslffficient in fruits ad vegetables, although competition from open
markets is leading to import of these commodities as well.

The most important cereals cultivated are wheat and barley, with some production of forage crops
such as alfalfa, vetch, corn, oats, and sorghum.thdbshe barley grown in the arid parts of Bekaa

11
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(Hermel and El Qaa) is left as pasture for grazing animals. It is anticipated that forage crop production
would increase after recent incentives introduced by the MoA to encourage milk and forage
productionby farmers with small animal holdings.

In 2010, wheat, barley, and potato production decreased due to a combination of drought and
reduction in the areas planted. Although wheat and barley production recovered in 2011 and 2012,
potato crop production remiaed at least 80% less compared with 2005, mainly due to the shrinkage

in hectares planted (20,000 ha in 2005 vs. 12,000 ha in 2012). Also, imports from Saudi Arabia and
Egypt rendered potato farming, once a profitable and prominent enterprise, vulnetabtgpen
markets.

Fertilizer use

Statistics on fertilizer consumption in Lebanon are sporadic and contradictory. The Lebanese customs
provide extensive data about imports but these could not be corroborated from the major
agricultural importing companiesThe amount of fertilizers used in Lebanon has been decreasing
since 1994: approximately 122,000 tonnes of total nitrogenous fertilizers were used in 1994 (average
of 31,000 tonnes of Nitrogen (N)), while in 2006 total nitrogenous fertilizers used were
approximately 50,000 tonnes (average of 9,500 tonnedHd)vever fertilizer consumption increased

in recent years to reach 85,000 tonnes (19,000 tonnes of N) in 2013. Most of the nitrogenous
fertilizers used were NitrogeRhosphorudPotassium (NPK) fertidig, (1#17-17; and 151515, and

other combinations), Ammonium Sulphate, Ammonium Nitrate and Urea. Application rates of
nitrogen fertilizers far exceed the recommended agronomic ratedH@sisan2011). Forexample,
potato growers apply on average 5RQN/ha while the suggested agronomic rate is 220 kg N/ha. For
vegetables, growers apply the average of 900 kg N/ha while the agronomic rate is 500 kg N/ha.
Unfortunately, soil testing for soil nutrient content is not widely practiced and growers apply
nitrogen rates based on experience or on the recommendation of agents from fertilizer distributors.

Animal production

The livestock sector contributes to around 30% of the total value of production (FAO, 2011a).
Although animal production is considered secoNda @A G K NBALISOG G2 ONZRLJ
poultry and dairy sectors both hold importance in terms of production and quality. The poultry sector

is the only agriculture sector that satisfies domestic demand and is dominated by few companies
utilizing cbsed systems producing quality broilers and egg products. Cattle are mainly raised for milk
production with the majority of stocks raised in large farms as well as smatl holdings (FAO,
2011b). Beef production is limited and imported live animalsa@dition to imported chilled and

frozen cuts) provide a major source for local consumption. The size of sheep and goat herds has
fluctuated since 1994 but decreased in recent years mainly due to decrease in the number of
shepherds and due to competitionoim imported meat fom Australia, Turkey and Syria addition,

the crisis in Syria has caused the influx of goat and sheep herders to Lebanese rangelands with their
flocks but this is hard to quantify. Swine production has decreased steadily since 19%d alshift

in consumer preferences towards poultry, mutton and beef, and due to fear from the swine flu.

11 Landuse,landusechange andorestry

In Lebanonthe lack of land management plans and/or inadequate urban regulations has strongly
affected the natural and built environment. This has facilitated unplanned urban sprawl at the
expense of natural landscapes). The construction of new roads and highwaysiiiain areas has
alsoaffected landforms, vegetation cover, and ecosystems.

Several initiatives have been conducted to document and map land cover attributes in Lebanon.

Accordingly, the first land covenap wasproduced in 1961 by the Lebaneaeny in martnership with
0§KS CNBy O& AN VLKA Aj (dziatdsin Q002 gahdiuse/dand cover map of Lebanon

12
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was produced by the Ministry of Environment in cooperation with the National Center for Remote
Sensing of the Nationalo@ncil for ScientifiResearch (NCpRhich involved the use of satellite
remote sensing data acquired in 1998. The final map disaggregated land use and land cover into
seven main categories and 23 subcategorigge NCSR is currently aiming at completing the Land
Cover / Land Use map using remote sensing data acquired in 2013.

National forest resources assessmeribr Lebanon were conducted in 2005, 2010 and 26\ $he
Ministry of Agriculturewith the assistance of the Fooand Agriculture Organizationhe latest
results showed that forestsover13.2% of the total area of the country. In addition,.2% of the
Lebanese territorys covered by other wooded lan@oA/FAO2015).

Increasingly [ Soly2yQa F2NBadax Leaadotcees, icygnier tmess adil f dzl o f
evergreen trees that cover the mountains in patches, are exposed to degradation due to quarries,
urbanization, pests and diseases, fires, wars, human neglect, impropergemeat, outdated laws,

and poor law enforcement. Like other Etitediterranean countries, fires have been especially
RFEYF3Ay3 [Soly2yQa FT2NBaida Ay NBOSyld &SIFNmEXZ NBL)
RSaidNre [Soly2yQa yverfitdeNdbdenceNdd a dationdd $odest managhidat
a0NFGS3e YR GKS fF01 2F KdzYry IyR G4SOKYyAOFf NB
forests.

Overall, the lack of land management in Lebanon is the cause for theemp#mitation and
degradaton of lands in many areas. It is estimated that 84% of the Lebanese territory still does not
have adequate master plans, which has allowed for a lot of chaos when it comes to construction or
any activities thaichange land cover and land udeis estiméed that there are about 1,278 quarries

in Lebanon covering an area of 5,267 haoBy12012). Most recently, an indicative research study
conducted showed that the largest area of artificialization on the coastal zone of Lebanon between
1998 and 2010 affeetl grasslands followed by forests and agricultural lands, consecutively
(MoEHUNER 2013). Furthermore, it was found that wetlands decreased by 47%, grassland by 27%,
and forests by 9%. Further investigation showed that most of artificializatiamaissland affected
moderately to highly dense vegetation, while most of the artificialization in forestedslaffdcted
shrublands.

In an attempt to tackle deforestation and to preserve what is left of natural areas, Lebanon has
created until the year @15, a total of 15ature reserves, diospherereserves, 1rotectedforests,

18 protected ratural sites/landscapes, Ramsaisites, 5world heritage #es, and 15mportant bird

areas (MObE/UNDP/ECODIT, 201The MA developed a National Forest Plan P)MRand pursue
SFF2NIa G2 dzZlRFGS [Soly2yQa F2NBald f1 g G2 LINBGS(
increase in forest coveay 40 million trees by 2020MoE has been involved in developing a forest fire

fl g O2YLX SYSy Ay Atratedy torfofedtyir® dandmenment.2 y | f &

LY FTRRAGAZ2YZ | ydzYoSNJ 2F LINP2SOGa adzOK |a GKS D¢
azdzy Gl Ay ! NBFa¢ LINR2SOG yR GKS FRIFILIWGIFGAZ2Y FdzyR
[ FLI OAdGe 2F GKS wdzNI f /[ 2 YY dngAati ikcRasinghfgfest[a@aslingy 2 v £
Lebanon and limit degradation losses. Also, Lebanon has set a target towards land neutrality by 2030
under the United Nations Convention to Combat Desertification.

The influx of Syriandisplacedhas also had impacts onnd resources through the expansion of

Informal Tented Settlement (ITS) and theidistribution in relation to agricultural areas,
environmentallysensitiveareas and vulnerable towns.

13
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II.  Thenational GHGnventoryin 2013

The inventory of greenhouse gas emissionthis report covers the year 2@1 with arecalculatedime series

for 19942013. The inventory was prepared based on IPCC Guidelines and Guidance used for the Invent
preparation, the 1996PCC Revised Guidelines and elements from the IPCC Good Practice Guidances 2000
2003 (IPCC GPG 2000 and IPCGLGRGCF 2003) in line with Decisions 17/CP.8 and 2/Cknisaidhs of
Carbon Dioxide (C@), Methane (Ch), Nitrous Oxide (NO) were estimated. The UNFCCC Naxnnex |
greenhousegasinventorysystem,version 1.3.2was used for the computation exercise.

In 2013, Lebanon emitted6,285Gg C@eg. with themost significant greenhouse gasing carbon dioxide,
primarily producedrom the burning of fossil fuels. The main contributor to greenhouse gas emigsitims

energy sectorincluding transportwith 79% of GHG emissions, followed imglustrial processes (10%nd

waste sector (7%)CQ removals from theland use, land use change and forestry category amounted to
3518.80GgCe& ONAY3IAYy3I [ SoldovatyR2A66G0TEqSYA daA 2y a

Land Use, Land use
change and forestry

Agriculture_ 0%

Energy
56%

Figure6: Lebanon's national greenhouse gas inventory by category in 2013

14



Lebanonds Bigmmldpdiate Report to the UNFCCC

100% -
90% -
80% - m Waste
05 —
70% m Land Use, Land use change ar
forestr
60% - y
m Agriculture
50% -
m Industrial processes
40% -
30% - m Transport
20% - Energy
10% -
O% T T 1

CO2 CH4 N20

Figure7: Lebanon's national greenhouse gas inventory by gas in 2013
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Table3: Lebanoi® GHG emissiormd removaldor 2013 per gas and category

Greenhouse gas source and sink CcQ CcQ CH CH N,O N,O Total
categories emissions | removals

Gy Gg Gg Gg Gg Gg Gg

CQeq. CQeq. CQeq.

Total national emissions and 23,246.21| -3,518.80| 96.68| 2,030.36| 3.25| 1,008.53| 26,284.69
removals
1 Energy 20,551.07 2.12 44.47 0.58| 179.56| 20,775.10
Energy industries 7,367.39 0.297 6.25 0.06 18.44| 7,392.08
Eﬂoinslilrfsg:il:)rri]ng industries and 4.403.84 0.106 2.23 0.03 9.89| 4,415.96
Transport 5,987.93 1.273 26.74 0.46 143.69| 6,158.35
Other sectors 2,791.91 0.441 9.26 0.02 7.55 2,808.72
Fugitive emissions from fuels NO NO NO NO
2 Industrialprocesses 2,545.42 2,545.42
Mineral products 2,545.42 2,545.42
Chemical industry NE NE NE NE
Metal production NO NO NO NO
Other production NA NA NA NA
Production of halocarbons and NO
sulphur
Consumption of halocarbons and NE
sulphur
Other NO NO NO NO
3 Solvent and other product use NE NE NE
4 Agriculture 1455 305.55 2.20| 682.00 987.55
Enteric fermentation 12.64| 265.44 265.44
Manure management 1.91 40.11 0.55 170.50 210.61
Rice cultivation NO NO
Agricultural soils 1.65| 511.50 511.50
Prescribed burning of savannas NO NO NO NO NO
Field burning of agricultural residue NO NO NO NO NO
Other NO NO NO NO NO
5 Land use, land use change and 149.67| -3,518.80| 0.01 0.23 | 0.0001 0.04 149.95
forestry
Changes in forest and other woody
biomass stocks
Forest and grassland conversion
Abandonment of managed lands
CQ emissions and removals from
soil
6 Waste 0.05 80.00| 1,680.11| 0.47| 146.51| 1,826.67
Solid wastalisposal on land 60.91| 1,279.14 0.00| 1,279.14
Wastewater handling 19.09( 400.97 0.47| 146.51 547.48
Waste incineration 0.05 0.05

NA: not applicable NE: not estimated NO: not occurring

Numbers may reflect rounding.
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To estimate the GH®missions, tier 1 methods from the IPCC guidelines were mostly applied with defaul
emission parameters, with activity data being derived from national sources, international organizations ar

other literature as identified in each sectoifgble 4). Proxy data, interpolations, extrapolations and
estimations based on expert judgments were used in the cases where data was unavailable.

Tier 2 methods weresed to estimate emissions from cement manufacturing, road transport while approach :
was adopted for the representation of land use areas in some subcategories of Land Use, Land Use Changt

Forestry (LULUCF).

In order to allow the aggregation andt& overview of national emissions, emission of,@Hd NO were
converted to CQS lj dzA @I € Sy i dzaAy3a GKS Lt// aSO2yR | aasSaa
values based on the effects of greenhouse gases over-gdd@itime horizon (bO = 310, 8, = 21).

Table4: Sources of activity data

Activity data Main sources of data
Energy (including Ministry of Energy and Water
transport) Ministry of Public Works and Transport

International Energy Agency

Directorate General dCivil Aviation

Ministry of Interior and Municipalities/Traffic, Truck and Vehi
Management Authority

Fuel importers

Industrial processes

Industrial establishments

Ministry of Economy and Trade

Ministry of Agriculture

Ministry of Energy and Water
LYRdzZAGONARSAQ a@yRAOIGSa

Agriculture

Ministry of Agriculture

Directorate General of Customs

Food and Agriculture Organization
Lebanese syndicate of cattle importers
Surveys and personal communications

Land use, land wus
change and forestry

Ministry of Agiculture

Food and Agriculture Organization
Satellite imageries

Scientific publications

Surveys and personal communications

Waste

Ministry of Environment

Central Administration of Statistics

Council for Development and Reconstruction
Wastecontractors

Scientific publications

Local NGOs

1 The GHG inventory preparation process

The Ministry of Environment is the institution responsible for the preparation ofGh inventories, as part
of the BURs and National Communicatiohbe preparatiorof the GHG inventory is an integral part of the

BURILINE 2S00 =

gKAOK Aa FdzyRSR G(KNRJzAK (KS Df2ol ¢

and managed by the UNDP in Lebanon. The GoL through the MoE provides in kind support foett€psap
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50,000. The overall coordination of the project was handled by the climate change office at the MoE, whic
works under the Service of Environmental Technology.

The GHG inventory and report were compiled and drafted by the climate change dffioe Ministry of
Environment. The recruitment of local consultants was undertaken for the preparation of LULUCF a
transport GHG inventoriegntensive stakeholders and key data holders consultations are conducted during
the process, building on existimgstitutional arrangements.

Improvements:
- Industry [cement)
— Transport [tier 2)
— Energy [Naticnal
NCY)

Figure8: GHG Inventory preparation process
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2  Breakdown of emissions by IPCC sector

2.1 Energy
Methodology
Il OO2NRAY3 (2 GKS Lt/ / 3FdzARStAySaz GKS RGENIHANdOL |
N,O emissions (1A) and fugitive emissions associated with the production, transport and distribution of fos

fuels (1B) Snce no oil production activitiesccur in the country, therefore they are reported as not occurring
(NO) in the inentory reporting tables

Fuel combustion activitie€LA) are divided in two main categories, on the basis of the characteristics of the
methodology applied for the calculation of emissions:

- Stationary combustion, including energy industrigganufacturing industries and construction and
other sectors (agriculture, residential and commercial / institutional sectors and
agriculture/forestry/fisheriesTableb)

- Transport, including domestic civil aviation, road transport, and domestic navigatuhe6)

Table5: Reportingcategories under stationary combustion

Repo”'?‘g Description Remarks Methodology
categories
Emissions from combustion of : Emissions are calculated
. . : Lubricants store 50% of .
gas/diesel oil,heavy fuel oiland based on the tier 1

their carbon content and
only emit the remaining
50%.

Energy industries lubricants for electricity generation
from the 7 power plants.

methodology and
disaggregatedby power
plant.

Emissions from combustion ¢ GasHiesel oil is considered Emissions are calculated

gasdiesel oil, heavy fuel oil to be used mainly for based on the tier 1
petroleum coke and LPG fc electricityproduction methodology.
electricity or heat generation fol within the industrial
. own use in industries. facilities (generators).
Manufacturing
industries and Fuel consumed by
construction neighborhood generators is
considered under this
category.

Petroleum coke is only
used by cement industries.

Emissions from combustion of Gashiesel oil is considered EMissions are calculated
gas/diesel  oil for electricity to pe used for electricity ~ Pased on the tier 1

_Comm_ercial and generation and space he_a_ti_ng ar production from methodology.
institutional sector ~ LPG fo_r cooking activities i generators.

commercial and institutiona

buildings.

Emissions from combustion of Emissions are calculated

: . gas/diesel oil, LPG, and biomdssl| based on thdier 1

Residential sector : :

for space heating and cooking methodology.

activities
Agriculture, forestry Emissions from combustiaf diesel Emissions are calculated
and fisheries oil for stationary and mobile based on the tier 1

activities related to in agriculture methodology.

forestry and fishing.
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Table6: Reporting categoriegnder mobile combustion

Reporting

; Description Remarks Methodology
categories
Military helicopters; civil, Emissions from military aircrafts are Civil, prlvgte gnd
o i commercial aircrafts
L commercial aircrafts; and not calculated due to the .
Aviation emissions are calculated

private jet and propeller  confidentiality of activity data for

. o based on the tier 1
type aircrafts. military case.

methodology.

Emissions from military navigation

are not calculated due to the

unavailability of activity data for Emissions from

military case. Emissions from fishin¢ international navigation are
are not reported under transport, bul calculated based on the tiel
rather under the 1 methodology.
agriculture/forestry/fisheries

category of the energy sector.

Domestic navigation
Maritime transport  between local ports, and
international navigation.

Onroad vehicle Emissions are 'estimate‘
technologies rely on Road transport is the only mobility ~ “> 9 the — tier 2
gasoline and gas/diesel  mean considered under land methodologybased on the
Road transport internal combustion transport as the entire rail network is number of vehicles pel
vehicles engines.The fleet derelict. _Category and_ their activity
encompasses motorcycles in terms of d|§tance and/ol
passenger cars, vans, fuel consumption.

buses and trucks.

Activity data

¢KS O2dzy iNEQA& LINAYI NB SySNHe& AYLERNI& AyOfdzRS 2Si
as residual fuel oil)petroleum cokelLiquefied PetroleunGas (LPG)Petroleum cokebitumen, and lubricants.
Biomass or logged wood is still usadfireplaces or stovemainly for heating purposes in rural houses.

No national systenias beerestablishedyet for the collecton of data for the GHG inventory, particularly for
the consumptionof fuel by end useTherefore,for the reference approachthe mainsource of datds the list

of aggregated amounts of fuel imponsovidedby the Ministry of Energy and Water (MoEW, 281 &or the
sectoral approach, activity data has been estimated based on a survey that has been undertaken by the
Energy Center (IPTEC) for the Ministry of Environment on the sales of fuel from IPT stations to end users.
survey was conducted for ¢hyear 2013.
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Table7: Activity datafor the energy sector

Subcategory  Data Source Assumptions
Energy Ministry of Energy and Water for fue All quantities of fueteported to be delivered to EDQire
industries imports (MoEW, 2016a) consumed wthin one reported calendar year

Ministry of Energy and Water for fue 13% of imprted LPG is used in industries.

imports (MoEW, 2016a) 49% of the gas diesel oil consumed for private

Manufacturing  Ministry of Environment for petroleurr generation is used byindustries and neighborhood
industries and  coke use (MoE, 2047 generators(1 liter of diesel oil generates 3.65 kwh).

construction
IPT Energgenter (IPT, 209 All imported quantities of petroleumcoke are
consumed within one reported calendar year
Ministry of Energy and Water (MoEV Gas diesel oil is only used féfeavy Duty Vehicles
20169) (HDV), with an estimate¢onsumption of 7.06 mpg
International Energy Agency (IEA, 2017 (33.3 1 of diesel/100km)
Ministry of Interior and Municipalities, Passenger cars annual mileage is 12,000 km/year.
Traffic, Trucks and Vehicles Manageme Light Duty Vehicles annual mileage is 27,250 km/year
Transport Authority for vehicle flet characteristics . .
(MolM, 2017). HDV annual mileage 50,000 km/year.
Scientific publications (Waked and Af Motorcycles annual mileage is 5,000 km/year.
2012) fornumber of vehicles equippet
with a catalyst for emission control
15% ofimported LPG is used ithe commecial and
Commercial institutional sector.
and IPT Energy Center (IPT, 2p1 ) ) )
S 51% of the gas diesel oil consumed for privat:
institutional . . LT .
sector generation isused commercial institutions1(liter of
diesel oil generates 3.65 kWh)
o 73% ofimported LPG is used in residential sector
Ministry of Energy and Water for fue
Residential imports (MoEW, 2016a)

sector Biomassrom FAOSTAT (FAO, 2017)  52% of remaining gas diesel oil in the market is used
the residential sector
IPT Energy Center (IPT, 2p1

Agriculture, - 48% of remaining gas diesel oil in the market is used
Ministry of Energy and Water for fue : ) .

forestry and . the agriculture, forestry and fisheries.

fisheries imports (MoEW, 2016a)

IPT Energy Center (IPT, 2p1
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Heavy Fuel oil Petroleum Coke LPG Bitumen Lubricants Biomass

Jet kerosene Gasoline Gas Diesel Oil

i i Agriculture Residential ici ] ) o
International Domestic g Electricity International Energy . Roofing and Machineries in . .
aviation aviation R T fofriifg'i:gd sector production navigation production Cocking road paving EDL Space heafing Caoking
Commercial Industrial and Energy : ; ; Residential
sector neighborhood industries Industrial sector Residential Commercial ;
sector Insitutional sector
generators generators (power plants)

Figure9: Distribution of fuel used in Lebanon
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Table8: Quantities of fuel imported for the periotP942013(for selected years)

(F1u,8:)g't):nnes) 1994 2000 2006 2011 2013
Gasoline 1243.18 1263.757 1,224.61 1,598.42 1,596.340
Jet kerosene 14591 124511 103.36 223.88 258.891
Gas diesel oil ~ 818.123 1315.64 1,596.28 2,448.07 3,075.57
Heavyfuel oil 1411.01  1507.9 1,039.72 1,347.36 1332.03
LPG 146  165.12 161.12  196.67 250.976
Bitumen 66 91.72 4386  59.19  57.102
Lubricants 0.29 37.7 29.86  35.24 40.61
Petroleum coke 180  157.01 477.86 335.60 542.342
Biomass 9.77 10.08 9.99 9.95 9.92

Source| MoEW, 208aandMoE; 2017

Table9: Distribution of fuel consumption by erdsefor 2013

Fuel type Consumption
(1000 tonne$
Gas diesel oil (GDO)

Energy industries (EDL) 1,174.53

Road transport 534.02

Private generation 1,359.15
Manufacturing industries and construction 663.20
Commercial and institutional sector 695.95

Residential sector 4.08

Agriculture/forestry/fisheries 4.28

Heavy Fuel Oil (HFO)

Energy industries (EDL) 1,183.43

International navigation 30.00

Manufacturing industries and construction 118.6

LPG

Residential sector 180.70

Manufacturing industries and construction 32.63

Commercial and institutional sector 37.65

Gasoline
Domestic aviation 3.00
Roadtransport 1,59.95
Jet kerosene
International aviation 258.89
Petroleum coke
Cement industries 542.34
Lubricants
Energy industries (EDL) 40.61

Source| MoEW, 208aand IPTEC, 2014

Energy industrieg public electricity and heat production

The fuel consumption used under the energy industries category for the estimation of GHG emissions
is presented inmrablel0. It includesamounts of heay fuel oil and gas/diesel dhat are delivered by

the Ministry of Energy and Wate¢o EDI_considering that these amounts are being consumed during
one calendar year.
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TablelQ: Activity data for fuel consumption in energy industries

Fuel type Quantity (1,000 tonnes)
1994 2000 2006 2011 2013
Gas diesel ol 48.65 532.805 1,057.70 1,305.67 1174.529

Heavy fuel ol 1,124.07 1294.362 956.61 1,186.78 1,183.43

Lubricants 0.197 37.7 29.86 35.24 40.611

Source| MoEW, 208a

Manufacturing industries and construction
This category includes GHG emissions from fuel consumption in the 2 following activities:

1- Production of electricity, steam and process heat by industries: the industrial sector is one of
the majorenergyconsumingsectorsin LebanonHowever, due to the intermittent electricity
supplied by EDL and the constant power shortages, most industrieebanon generate
their own energ from inhouse generators. Gadiesel oil and fuel oil are bought either
directly from the Ministry of Energy and Water or from private fuel distributors and are used
in the premises Unfortunately, no data is recoded othese quantities. Therefore,
estimations have been calculated based on the IPTEC survey on the sale of fuel per end user
for 2013 (IPT, 2014).

2- Production of electricity by neighbourhood generatorsdue to the frequent power
shortages,neighbourhoodgeneiators have flourished in Lebanosupplying electricity to
households during cuff hours (which range from 3 to 15 hours a day depending on the
region). Al these generators work on galiésel oil which is bought either directly from
private fuel distrilutors or from gas stations. Unfortunately, no data is available on the
number, capacity or quantity of fuel used for private generators in the couiiingrefore,
based on an intensive consultation process was put in place with the main stakeholders
(Ministry of Energy, Electricité du Liban, private distributers of fuel, and owners of
generators) it was agreed to assume that the gap between public electricity supply and
demand (referred as Energy not Supplied ENS) is being met at 80% by private generators.

As most developing countries, Lebanon suffers from a major gap between energy demand and
supply, resulting in a deficit in energy of around 23%. This energy not supplied by public utilities is
being supplied by privately owned generators providaigctricity to households and commerce
during cutoff hours. All these generators work on gas diesel oil which is bought either directly from
private fuel distributors or from gas stations. Unfortunately, no data is available on the number,
capacity or quatity of fuel used for private generators in the country.

Therefore, an intensive consultation process was put in place with the main stakeholders (Ministry of
Energy, Electricitdu Liban,private distributers of fuel, and owners of generators) to attentp
guantify the diesel used in private generation. As a result of this process, it was agreed to assume
that the gap between public electricity supply and demand (referred as Energy not Supplied ENS) is
being met at 80% by private generators.

The belowtable presents the values that were used for the year 2011. The energy not supplied is
estimated by calculating the difference between the energy produced in 2011 and the estimated
demand. Then, the diesel consumption of what is equivalent to 80% of K8sig€estimated using a
conversion factor of 222.98 g/KWHFinally, GHG emissions are calculated by using a country specific
NCV and default emission as per IPCC guidelines
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Table 11 presents the quantities of fuel used in manufacturing industries and construétion
selected yearvased on the following assumptions:

1 The heavy fuel oil used in manufacturing industriesaleulated aghe difference between
the total fuel oil imported to Lebanon minus the amount consumed by public utilities and the
amount consumed for international navigation.
1 The gas/diesel oil used in this category constitutes 49% of the total gas/diesel oil mhsum
for private generation (the othe51% is used by the commerciaBtitutional sector)
The LPG used in this sector is estimated at 13% of the total LPG import to Lebanon.
Petroleum coke is consumed only in cement industries and imported quantitiedetivered

= =

RANBOGTE & 02 0KS AYRddZAGIGNARSAQ t20FdA2ya FFi4S

Environment.

Tablell: Activity data for fuel consumption in manufacturing industries and construction

Fuel type Quantity (1,000 tonns)

1994 2000 2006 2011 2013
Gas diesel oil 424.42 292.20 153.75 361.89 663.20
Heavy fuel oil 286.94 198.54 64.11 133.59 118.60
LPG 21.06 21.47 20.95 25.57 32.63
Petroleum coke 180 157.01 47786  335.60 542.34
Lubricants 0.102 - - - -

Source| MOEW, 208aandMoE, 2017a

Transport

Road transport covers all internal combustion vehicles used for passengers and goods mobility in
Lebanon, except farm tractors and publiork vehicles. Types of vehicl@svestigated in this
inventory are motorcycles, passenger cars, vans, buses and trucks, classified into categories in
accordance with the guidelines: Passenger Cars (PChluighVehicles (LDV), Heabwuty Vehicles

(HDV) and motorcyclesSTéble 12). After banning the use of diesel for vehicles with gross weight
lower than 3,500 kdlaw 341 (6/08/2001) and decree 341/200Passenger cars, lighiuty vehicles

and motorcycles run only on gasolinghile heavy duty vehiclesin on diesel.

Tablel2: Description of the vehicles categories used in the calculation of road transport emissions

Vehicle category Description

Passenger Ca(PC) Private personal gasoline cars used for mobility including Sport Utility Vehicles (SU

Light Duty Vehicles Gasoline vehicles with rated gross weight less than 3,500 kg including light trucks ¢
(LDV) coaches, designed for transportation of camgoassengers.

Heavy Duty Vehicle: Diesel vehicles with rated gross weight exceeding 3,500 kg including heavy trucks
(HDV) coaches, designed for transportation of cargo or passengers.

Includes a mixture of-8troke and 4stroke engines awell as mopeds having an engint

Motorcycles less than 50cc.

The following activity data are considered:

1 The numbers of registered vehicles for are provided by the Ministryinterior and
Municipalitiegtraffic, truck and vehicle management authorityr the years2012 and 2015
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(MolM, 2017). The database includes the number of registered vehicles by category, type of
use (private or public), production date, circulation date, horsepower, and type of fue] used
as well ady emission control technologies, followirtige European Union (EU) classification
described in the IPCC guidelines (IPCC, 1997). The number of vehicles per category for 2013
are interpolated from the 2012 and the 2015 databsise

Table13 summarizes the classification of the 2013 vehicle fleet per vehicle category and EU
emission control technology. Note that the classification per emission control technologies
takes into consideration the common practice in Lebanon of removing the emissiatrol
catalyst without any replacement. The fraction of vehicles for which the catalyst was
removed is obtained from a survey conducted in Beirut on 3,000 vehicles. (Waked, 2012;
Waked and Afif, 2012; Unpublished data). The results from this survey ex¢rapolated to

the rest of the vehicle fleet.

Tablel3: Classification of the 2013 vehicle fleet per category and EU emission control technologies

EU emission control technolog' Passenger Car: Light Duty Vehicles Heavy Dutyehicles Motorcycles

Uncontrolled 7,220 599 298 -
Early noncatalyst control 169,027 8,081 2,991 -
Non-catalyst control 352,375 21,310 2,925 -
Oxidation catalyst 89,764 13,062 363 -
Threeway catalyst 775,306 73,370 31,973 -
<50 cé - - - 84,594
2-strokes - - - 4,811
4-strokes - - - 2,504
Total 1,393,692 116,422 38,550 91,910

"Motorcycles having 1 cylinder
2 Motorcycles having 2 to 3 cylinders
*Motorcycles having 4 cylinders and above

)l

The annualtravelled distance per vehicle category is considered. Due to field data
unavailability, an assumption was made using the ForFITS (For Future Inland Transport
Systems) database. ForFITS is a modeling tool intended to evaluate the transport activity,
energy use and CQemissions, using transport data collected from different national and
international transport related agencies (UNECE, 2014). For countries with mobility
characteristics similar to Lebanon, a value of 12,000 km/year is estimated for passarger
27,250 km/year for lightluty vehicles, 50,000 km/year for heasdyty vehicles and 5,000
km/year for motorcycles.

Gas/diesel oilis only used by heawjuty vehicles and is estimated to be 534,021 tonnes in
2013 éeeBox1 for calculation methodology). The amounts used by passenger cars (taxis in
general) and LDV are considered insignificant.

Box1: Estimation of gas/diesel oil used in road transport

HDV diesel consumptias assumedo be 7.06 mpg (33.3 | of diesel/100km), based on thea provided by IP]
on their trucks fleet consumption, and double checked against the GREET Model default neaiudronne
National Laboratory) and also compared to the results study conducted by VTTicEkdResearch Centre (
Finland. Theansumption value is averaged taking into consideration the loaded and unloaded truck trips

HDV annual mileage assumed 3W0km/year in ForFITSvhich was validatedby experts in the fieldAfif,

2017)

Uncertainties

- Consumptionis averaged for the whole fleet without taking into consideration the age distribution effeg
consumption. It is noteworthy to mention that 2% fuel reduction isestimated every 5 years for model ye
trucks above 1990. Howevesjnce theHDV fleet in Lebanon is old, the consideradue (33.3 1/100km) is
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representative of national condition&urther refinement of this number could be dolager.

- Expert judgments have validatetie estimated 50,000 km/yeabased on survey that is currently bei
undertaken by the Universite Saint Joseph. However, it is unsure how representative the survéei$iioV
fleet.

- Diesel buses constitute ammll share compared to HDV trucks, therefore, buses consumption
approximated to be similar to thaverageconsumption of the diesel truck

Conclusion

Thegas/diesel oitotal consumption for transport in Lebanon is4821tonnes in 20B. The differene with
numbers calculated in this file is related to the assumptions estimated above.

1 Domestic flights consist o small propellestype aircrafts, used only for trainingrhey
operateon gasoline (AVGAS LBP 100) with an annual consumption ranging between 2 and 3
ktonnes. Which is estimated on a capita badisen weighted by the population and
extrapolated to cover the 1992011 yearly consumption

T Activities related to domestic navigation are limited fishing boats which are reported
under the category agriculture/forestry/fisheries, and consequently, their emissions are not
reported under transport. Emissions related to military maritime transpeoere not
considered due to the unavailability of the activity data.

Other sectors

This category includes thgreenhouse gases emittetly fuel combustion in the commercial/
institutional sector, residential sector and agriculture/ forestry/ fisherieifelent types of fuel are
considered under this category and are mainly used for electricity generation, cooking, heating,
navigatinganduse ofother mobile equipment.

OYA&aaArz2ya FTNRBY oO0dNYyAy3a 2F g22R | NB I fulblza@dasi SR dzy
logged wood is still being used for cooking and heat generation. The biomass activity data is based on

the volume of fuelwood logged from coniferous and momiferous forestsréferred to as wood

waste) as reported by FAOSTAT (FAO,720@nlyemissions of not€CQ gases derived from biomass

fuels are included, and reported, in the emissions of the energy sector and national totals of the
inventory. Therefore,CQ emissions from biomass fuels are includedyoas information item

becauseit is assumed that the consumption of biomass is similar to the volume that is regenerated.

Any variation to this hypothesis is reflected and calculated in the LULUCF Jéwtmefore, arbon

dioxide emissions from biomass combustion are not includedational totals, but are recorded as

memo item for crosshecking purposes as well as avoiding double counting.
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Table14 presensthe quantities of fel used in per category based on the following assumptions:

)l

1
1

The gas/diesel oil usefbr electricity generation in the commercial and institutional sector
constitutes51% of the total gas/diesel oil consumed for private generation (the o#986 is

used bymanufacturing industriesector)

The remaining gas/diesel oil is used by the residential sector (52%) and by
agriculture/forestry/fisheries (48%)

The LPG used the commercial and institutional sect@ estimated at 13 and the amount
used in the residential sector at 72%6the total LPG import to Lebanon.
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Tablel4: Activity data for fuel consumption in the commercial and institutional sector

Fuel type Quantity (1,000 tonnes) Enduse
1994 2000 2006 2011 2013

Commercial/institutional sector

- Electricity generation

Gas diesel oil 57.67 306.63 161.34 379.76 695.95 -Space heating
- Water heating
- Cooking

LPG 14.58 2477 2417 2950 37.65 -Space heating

- Water heating

Residential sector

- Space heating

Gas diesel oil 65.45 - 30.02 4.08 Water heating

- Cooking
LPG 110.36 118.89 116 141.61 180.70 -Space heating

- Water heating
Biomass 9.77 1008 998 995 992 ~S00KNg

- Space heating
Agriculture/forestry/fisheries

179.98 - - 19 3 Mobile equipment

Gas diesel oil 179.98 i i 010 128 Fishing boats

Source| MoEW, 208a

Feedstock and noenergy use of fuels

Some of the imported fuels are used as raw materials for gheduction of other productsni

chemical industry and metal production, or the use of fuels for-anargy purposes such as bitumen

and lubricants (HS code used for Lebanon is HS 27.10.19.90). Since these fuels are not combusted,
their carbon content isdtally or partially stored in the product and is not oxidized into carbon

dioxide for a certain period of time. The O®leased from the use or decomposition of the product

Ad y20 NBLR2NISR dzyRSNJ GKS SySNH& aNdmiaz NDEJ Syyues
(MoE/UNDP/GEF, 2015)

The calculation of carbon dioxide emissions from-eoergy use of fuels is based on the relevant
consumption by fuel type and the fraction of the carbon stored by fuel type (50% for lubricants and

100% for bitumen).

International Bunkers

International bunkers include international aviation and navigation. Emissions from these sources are
not accounted imational totals and are reported as memo items in the inventdtye activity data

for international civil aviationnicludes the jet kerosene consumption and is collected from the
Ministry of Energy and Water (MoEW,18%). The activity data for navigationlimited to the heavy

fuel oil consumption for international bunkers and it is collected from the fuel imports data by the
International Energy Agency (IEA, 2017). Fuel consumption in ktonnes/year is preserdabteiib.

Tablel5: Fuel consumption for marine bunkers ktonnes/year

Year 1994 2000 2006 2011 2013
Jetkerosene 14591 12451 103.36 223.88 258.89
Marine bunkers - 15 19 27 30
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Emission factors and other parameters

Due to the lack of country specific emission factors and emissions measurements, tier 1
methodologies are adopted for the calculation of all greenhouse gases emissions from stationary
combustion. C¢) CH and NO emission factors and other parameters used in the calculation are
based on default values of the Revised 1996 IPCC Guidelines and the IPCC Good Practice Guidance.
CH and NO emission factors are differentiated by technology and fuel, whilgegd@ssion factors

are differentiated only by fuel.Information on theNet Calorific Value (NCV) per imported fuébr

2013 isprovided by the Ministry of Energy and Water.

Tablel6: Carbon content, net calorific value and otlparameters by fuel type

Fuel type Net calorific Carbon content Oxidation factor  Fraction of
value (tonnes CITJ) (%) o r'_’e%?
(TJ/ktonnes)
Gasoline 43.9 18.9 0.99 0
Jet kerosene 42.890 19.5 0.99 0
Diesel oil 41.60 20.2 0.99 0
Heavy fuel oil 41.10 211 0.99 0
LPG 47.31 17.2 0.99 0
Lubricants 40.19 20.0 0.99 0.5
Bitumen 40.19 220 0.99 1
Petroleum coke 35.30 275 0.99 0
Natural gas 48.00 15.3 0.995 0
Biomass 15.00 29.9 0.98 0

1Assumption is made that no carbon is stored, excepbftumen and 50% of lubricants, as per the IPCC default values.

Tablel7: CH and NO emission factors

CH  emission| N,O emission| NOx emission| CO  emission NMVOC emissior
factor (kg/TJ) | factor(kg/TJ) factor (kg/TJ) | factor (kg/TJ) | factor (kg/TJ)
Oil Biomass | Oil Biomass | Oil Biomass | Oil Biomass | Oil Biomass
. . 0.6 20 15 5
Energy industries 3 0
Manufacturing 0.6 20 10 5
industries and 0
construction 5
Gasoline 0.6 60 8,0 1500
Transport 20 0 00
Diesel 0.6 80 1,0 200
5 0 00
Commercial/instituti 0.6 41 10 20 5
onal 10 300 0
Residential 0.6 4| 10 100| 20 5000 5 600
10 300 0
Agriculture/forestry/ 0.6 4| 10 20 5
fisheries 0
10 300
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For mobile combustion, GHG emissions from road transport have been calculated using tier 2
emission factors, which depend on the production date of vehiclesy&hecle category and the type

of fuel used. Therefore, besides the classification per category, the vehicles are also categorized by
model year of production. Since no national emission factors are available and most of the Lebanese
vehicle fleet is congtited of European vehicles, default EU emission factors are usexssions

from other categories under mobile combustion are calculated with default emission factors
available in the 1996 IPCC guidelines (IPCC, 1997).

Tablel8: Default EU emission factors for gasoline passenger cars under the tier 2 methodology

Estimated emission factors for EU gasoline passenger (ksn)

CH

NMVOCs

(6{0)

N;O

CcQ

Threeway catalyst: ass

umed fuel economy 11.8 km/I (8.5 1/100 km)

0.02

0.5

2.9

0.05

205

Oxidation catalyst: assumed fuel economy 12.3 km/I (8.1 /100 km)

0.07

1.4

7.5

0.005

190

Non-catalyst

controls: assumed fuel economy 12.

0 km/I (8.3 1/200 km)

0.07

4.5

19

0.005

200

Early noncatalyst controls: assumed fuetonomy 10.6 km/I (9.4 /100 km

0.08

5.2

29

0.005

225

Uncontrolled: assumed fuel economy 8.9 km/I (11.2 /100 km)

0.07

5.3

46

0.005

270

Tablel9: Default EU emission factors for gasoline kdaty vehicles under théer 2 methodology

Estimated emission factors for EU LDV gasoline ¢gfiem)

NGO CH

NMVOCs

CcO

N,O

cQ

Moderate control: assu

med fuel economy 7.4 km/l (13.

6 1/100 k

29 0.08

6.1

37

0.006

325

Table20: Default EU emissidiactors for diesel heavgluty vehicles under the tier 2 methodology

Estimated emission factors for EU HDV diesel ¢grkm)

NGO CH

NMVOCs

CcO

N,O

CcQ

Moderate control: assumed fuel economy 3.3 km/l (29.

9 1/100 k

10 0.06

1.9

9

0.03

770
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Table21: Default EU emission factors for motorcycles under the tier 2 methodology

Estimated emission factors for motorcyclég/km)

NGO CH NMVOCs | CO N;O Cca

Motorcycles < 50 cc
Uncontrolled: assumed fuel economy 41.7 km/| (2.4 |/X@90)

0.05 0.1 6.5 10 0.001 57

Motorcycles > 50 CC 2 stroke
Uncontrolled: assumed fuel economy 25.0 km/I (4.0 1/100 k

0.08 | 0.15 16 22 0.002 95

Motorcycles > 5@c4 stroke
Uncontrolled: assumed fuel economy 19.6 km/l (5.1 1/100 k

0.3 0.2 3.9 20 0.002 120

<1%

m Europe

HUSA

m Korea

m Japan
China

Figurel0: Classificatiomer country of origin of the 2010 Lebanese vehicle fleet

Results

In 2013, the energya SO 2 ND& Dwel esSnmatediai?d, 27yGH C@eg. 0.7million tonnes
CQeq.), representing 79% of the total greenhouse gas emissions in LebanBnergy is mainly
responsible for carbon dioxide emissiaf®.63%) while it also contributes to methane and nitrous
oxide emissionwvith 0.12% and ®R8%respectivelyThe contribution of eackubcategoryto the total

of the energysector is presented iffable22 andFigurell.
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Table22: GHG emissions from energy by source category and gas f8r 201

co CH CH N,O N.O Total
G (©g 9 @Gy &9 (Ca
CQeq.) CQeq.) CQeq.)
20,551.07 2.12 44.47 0.58 179.56 20,775.10
Total energy
Energy industries 7,367.39 0.29 6.25 0.06 18.44 7,392.08
Manufacturing energy and 4,403.84 0.11 2.23 0.03 9.89 441596
construction
Transport 5,987.93 1.27 26.74 0.46 143.69 6,158.35
Other sectors 2,791.91 0.44 9.26 0.02 7.55 2,808.72
Commercial/Institutional 2,234.11 0.307 6.447 0.018 5.580 2,246.14
Residential 546.21 0.132 2,772 0.006 1.806 550.84
Agriculture/Fishing/Forestry 11.59 0.002 0.042 0.000 0.000 11.63
A Global Warning Potential of 1 was used fop,Q0 for Cljand 310 for NO,
Numbers may refleatounding.
Residential
2.6%% —l Agriculture/Fishing
/Forestry

Commercial/ 0.06%

Transport
29.6%%6

7 A

Figure11: Contribution of energy emission sousig 2 (i K aSOG3a3NRa G2t F2NJ H

Energy industries

The energy sectoin Lebanonrelies on fossil fuel combustion for meeting the bulk of energy
requirements inthe country. The finalenergy consumption in 202 amounted to approximately
287,465TJ. Since electricity generation from public power plants (energy indsjsts the main fuel
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consumer, it is responsible f@.58: 2 F (G KS a SO0 2 NI &ranSpyri @0 8Mopayich F2f f

manufacturing industrie2(L.28%)as illustrated irFigurell.

Indeed, publielectricityI Sy SN GA2y A& GKS I NBSald O2y dNROGdzi2 NJ

that more than 88% of importeduel oil and38% of imported gas diesel oil are usedthermal
power plants for public electricity generatioRigurel?).

3500
m International aviation
3000 -
Agriculture/Fishing/Forestry
2500 -
m Residential
Q 2000 +—
c
g m Commercial/lnstitutional
T 1500 -
Transport
1000 -
m Manufacturing Industries and
500 + construction
0 m Energy Industries

Gas/Diesel oil Residual Fuel oil

Figurel2: Amount ofgas diesel oil and fuel @bnsumedper subcategory

Transport

In 2013, GHG emissions from transport are estimated &a6&35 Gg C@eqg. Carbon dioxide,
methane, and nitrous oxide contribute to 97.2%, 0.43%, and 2.3% of totabC@spectively.

Table23: Transport sector GHG emissions for 2013

CQeq. CQ CH N,O
Emissions ¢ 156 5938 1.27 0.46
(Gg)
Contribution 97.2% 0.43% 2.3%

As for the contribution of the different vehicle categories, passenger cars have the highest share of
the 2013 emissionwith 58.1% of the total road transport GHG emissions,€G®, while LDV, HDV,
and motorcycles account for 17%, 24.5%, and 0.5% respectively.

Manufacturing industries and construction and commercial/institutional sectors

Other highemitting subcategoriesin the energy sector are manufacturing industries and
construction and the commercial/institutional sectosince they cover all combustion activities
related to the private generation of electricity. Due to high difference between electricity supply and
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demand, private generation in industries, commercial instituticensd at neighbourhoodlevek
consume considerable amounts of Ga##Bel(GDO)In 2013,it is estimated thafrivate generators
supplied 6,095 GWh of electricity, calculated @908ofthe EnergyNot-Supplied (ENS), i.¢he
difference between supply(12,257 GWh) and demand (19,987 GWhR013.Assuming a rate of
consumption of 222.98/gWh of GDQ it is estimated thafl,359149tonnes of gas diesdlave been
used for private electricity enerationin 2013 exceeding theamount of GDO usedn EDL power
plantsand constitutingd44% of total import of gas diesel oil

Manufacturing industries and construction and commercial/institutional sectors also emit GHG
emissions from their consumption aiquefied Petroleum Gas (LPIG) heating and cookindieavy
fuel oil for heat generation in industries and petroleum cokedement production Table24).

Table24: CQ emissions from manufacturing industries and the commercial/institutional sector in
2013

Manufacturingindustries

(including neighbourhood Commercial/institutional

generators) sector
Fuel Type Emissions in 2013 (Gg g0
Gas/Diesel oi for private generation 2,023.00 2,122.90
Heavy fuel oil 373.35 -
LPG use 96.38 111.21
Petroleum coke 1,911.11 -
Total 4,403.84 2,234.11

/ 2YLI NBR G2 GKS NBadzZ §a NBLE2NISR Ay [Soly2yQa
industries andthe commercial/institutional sector in 2013 seems to be twice as much as the
emissions in 20114,592.03 Gg G€q.). This is mainly driven by the inased reliance on private
generation resulting from the growingap between the electricity suppd by EDL and electricity

demand.

Table25: Differencein GHG emissiorfsom manufacturing industries and the commercial/institutional
sector

2011 2013
Emissions (Gg G&3).) 4,592.03 7,224.68
DO for private generation (ktonnes) 741 1,359
Energynot Supplied 4,158 7,619
EDL Suppl§GWh) 12,406 12,257
Electricity demandGWh) 16,564 19,876

Residential sector

In the residentialsector, LPGis estimated to be the main source of GHG emissi®35.095Gg
CQeq.), followed by gas diesel oil that is used for space and water heating in housdtmidsions
from the use of private generators in residential buildings are not allocetekis category to avoid
double counting from private generation under the manufacturing industries and construction
category.

t Electricity supply takes into account electricity production and purchase for any given year
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Compaison betweenthe sectoral approach and the reference approach

According to the IPCG@uidelines, carbon dioxide emissiofiiom the energy sector should be
calculated using both the reference and the sectoral approach. The reference approach is based on
detailed data on primary energy consumption, which leads to the calculation of apparent
consumption of fuel and to the congaent calculation of emissions, while the sectoral approach is
based on a detailed disaggregation of energy consumption by sector and fuel for the calculation of
CQ emissions. The application of the reference approach can be considered as a quality contro
procedure, as theleviation of estimations should not be significant (deviations in the order of £2%)
or else explanations should be provided.

In Lebanon, carbon dioxide emissiofts the energy sectomare calculated according to the two
methodologies.In the reference approach, it was considered stock change was not taken into
consideration due lack of data, and it was assumed that all fuel imported are consumed within the
same calendar year.

As shown inTable26, the difference between the 2 approacheid8%, which islightly abovehe
threshold defined by the IPC@uidelines. The existing difference results mainly from statistical
differencesin fuel consumption and the use of tier 2 methodology in the transport sector.

Table26: Difference between the reference and sectoral approach foi3201

CQ emissions Difference
(Gg)

Reference approach 21,072.72 2.48%

Sectoralapproach 20,551.07

International bunkers

For international bunkers, the total direct GHG emissions from aviation and marine amounted to
879.77Gg of Cgeq. in 2013, with 90% of these direct GHG emissions originatingifri@mational
aviation.

2.2 Industrial processes

Methodology

The GHG inventory of industrial processes in Lebanon is carried out based on calculation
methodologies of the Revised 1996 IPCC Guidelinasatnal greenhousegas nventories and the

IPCC Good Practice Guidarieerther descriptions of the methodologies used and gases covered for
each source of emissions identified by the guidelines are detail€dbite27.

Table27: Reporting categories investigated in the inventory of the Lebanese industrial processes
sector

Reporting categories Emitted gases Methodology, description and remarks

Cement production CcQo All cement industries in Lebanon amovered in this calculation
Cement manufacturing is a key category in Lebanon. Tier 2 is adc
to calculate emissions from this category.

Lime production CcaQ The only lime production plant in Lebanon is covered in !
calculation. Lime is also prodeat in cementmanufacturinghowever it
is already accounted for in clinker produced in cement industries.
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Limestone use CcQ Limestone is mainly used in Lebanon in cement, glass and
industries. Therefore emissions from limestone are already accoul
for in each of these categories.
Soda ash production an CQ There is no soda ash production in Lebanon. Therefore all sode
use used is imported. Percentages of soda ash used for each tyg
industry (glass manufacturing, soap and detergents, wateatment
etc.) are not available.
Production and use o NMVOCs Asphalt use and production
miscellaneous minera CO Bitumen used for asphalt road paving in Lebanon is imported.
products SQ It is assumed that all asphalt used for mpaving applicationss
produced by blowing process (IPCC, 1997). Therefore, the amou
asphalt blown was derived by subtracting cement asphalt for n
paving from total bitumen imports.
Glass production
Glass production does occur lrebanon;however, production data
could not be accessed. Therefore emissions from glass productior
not estimated.
Concrete pumice stone production
There is no concrete pumice stone production in Lebanon. There
emissions are not occurring.
Ammonia production CcQ Thereis no ammonia production in Lebanon. Therefore emissions
NMVOCs not occurring.
CO
SQ

Nitric acid production N,O There is no nitric acid production in Lebanon. Therefore emissions
NQ, not occurring.

Adipic acid production N,O There is no adipiacid production in Lebanon. Therefore emissions
NGO, not occurring.
NMVOCs
CO

Carbide production CcQ There is no carbide production in Lebanon. Therefore emissions ar:
CH occurring.

Production of other CH, Phosphate fertilizersare reported to be produced in Lebano

chemicals NGO, However, data from producing companies is inaccessible to
NMVOCs government agency. Therefore, emissions from this category are
CoO estimated.
SQ

Metal production CcQ There is no metal production in hanon. Production of Iron and Ste:
NG, from the years 2000 to 2002. Then the only metal produciogpany
NMVOCs in Lebanon closed. Besides emissions from this period, none
CO occurred for this category.
SQ

Pulp and paper industries  NQ, In Lebanonthere is no pulp production in any of the paper industrie
CcoO Pulp is imported. Therefore emissions are not occurring.
SQ
NMVOCs
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Food and drink NMVOCs Categories included in this module are: wine production, b
production, meat, fish and poultry production.
Estimatons were also made for bread and cake and biscuits produc
based on quantities of imported as well as locally produced wheat.
Data on coffee, animal feeds and Arak (locally produced sji
production could not be obtained, therefore emissions from ghe
subcategories were not estimated.

Production of halocarbons HFCs Halocarbons are not produced in Lebanon. Therefore, emissions
and sulphur hexafluoride  PFCs production are not occurring.

Consumption of HFCs There is no data available on consumptiqn faforinated gases.
halocarbons and sulphu PFCs [ Solty2yQa ylFiAa2yltft 212yS 2FFAC
hexafluoride to estimate the amount of ODS, mainly HFC, in the country.

Activity data

Table 28 below summarizes the data sources used for dadculation of C®emissionsindustrial
LINE OS&aasSa Ay [ Sbdtajfsadifie galcdlafiadd pfyadRvity datavabe presented in Annex
Il.

Table28: Summary of data sources used in the GHG inventory for the industrial processes sector

Reporting category Activity data needed Reference
Cement production Quantity of cement produced Thethree cement industries in Lebanon
Quantity of clinker produced
Lime production Quantity of lime produced The only lime producing company in Lebanon
Soda ash use Soda ash used Lebanese customs through Ministry of Economy and Trade

(except for the year 2013 for which data wasrieved
directly from the customs website). HS code: 28.36.30.00

Data for the present inventory was collected for the time series 192@13.Table29 present some
of the activity data collected for the source categories for the industrial sector for selected years.

Table29: Activity datafor industrial processeis Lebanon for selected years

Year 1994 2000 2006 2011 2013

Quantity of clinker produced gnneg 298,000 3,135,084 3,868,051 4,955,079 4,881,844

Quantity of cement produced¢hneg 298,000 2,790,336 4,043,357 5,771,074 5,905,811

Quantity of limeproduced (tonnes ) 15,000 2,500 2,503 2,122 1,901

Quantity of soda ash used (t) 12,072.6 9,555 14,601 9,122.62 10,564

Emission factors

The emission factors used in the calculation of emissions from industrial processes are based
on default values provided by the IPCC 1996 revised guidelines except for cement industries
for which a national emission factor has been calculated.
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Table30: Emission factors and other parametéos industrial processes

Reporting categories

Emission factor and other
parameters

Source of emission factor

Cement production

0.51 t C@t clinker produced

Nationally developed emissidactor, SNC
(MoE/UNDP/GEF, 2011)

Correction factor for cement kilr
dust (CKD): 1.02

IPCC Good Practice Guidance and Uncertainty
Management, p.3.12

0.3 kg S@it cement produced

Revised 1996 IPCC guidelines, reference manual,
p.2.7

Lime production

0.79t CQ/t quicklime produced

Revised 1996 IPCC guidelines, reference manual,
p.2.9

Soda ash use

415 kg Cglt soda ash used

Revised 1996 IPCC guidelines, reference manual,
p.2.13

320 kg NMVOCs/t road paving
material used

Revised 1996 IPCC guidelimeference manual,
p.2.14

Production and use of
miscellaneous mineral
products

2.4 kg NMVOCs/t asphalt
roofing produced

Revised 1996 IPCC guidelines, reporting instructio
p.2.9

0.095 kg CO/t asphalt roofing
produced

Revised 1996 IPCC guideline$erence manual,
p.2.13

0.035 kg NMVOCs/hl beer
produced

Revised 1996 IPCC guidelines, reference manual,
p.2.41

0.3 kg NMVOCslt fish processe

Revised 1996 IPCC guidelines, reference manual,
p.2.42

0.3 kg NMVOCs/t meat
processed

Revised 1996 IPG@idelines, reference manual,
p.2.42

0.3 kg NMVOCs/t poultry
processed

Revised 1996 IPCC guidelines, reference manual,
p.2.42

8 kg NMVOCs/t bread processe

Revised 1996 IPCC guidelines, reference manual,
p.2.42

8 kg NMVOCs/t bread processe

Revisedl996 IPCC guidelines, reference manual,
p.2.42

1 kg NMVOCs/t cakes and
biscuits processed

Revised 1996 IPCC guidelines, reference manual,
p.2.42
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Box2: Calculation of national emission factor for clinker and a correction factor for cement kiln dust

According to the IPCC Good Practice Guidance and Uncertainty Management, data on calcium oxiq
content of the clinker (CaQje) is needed in ordera generate a national emission factor for tier 2 method
per equation 3.3 p.3.12:

EE:Iinker: 0.785 x CaQJj.nker

0.785 is the molecular weight ratio of €@ CaO in the raw material mineral calcite (Cgd@m which most
or all the CaO in clinker i®dved.

The value obtained from the three plants producing cement in Lebanon for CaO content of cliré&%ois:
Therefore,
ERiinker= 0.785 x 0.65 = 0.51 t gCxlinker

Cement Kiln Dust (CKD) is a mix of raw material and clinker that is produced bytdemaces. It may bg
partly recycled to the furnace. Good practice is to correct for the €@@tained in the norrecycled, therefore)
lost calcined CKD because this,@@l not be accounted for by the clinker produced. The default (
correction factoris 1.02 (i.e. add 2% to the €€alculated for clinker).

Therefore, the emissions from the cement industries from clinker production as per the tier 2 method will

Emissions = clinker production x.&k:X CKD correction factor

Results

In 2013, total emissions frormdustrial processe& Lebanon amounted to 2,545.42 Gg of,CO
Greenhouse gas emissions primary entail thg @43 from the cement and lime production sectors,
with the largest contributor being cement production. Lime production and soda ash use have a very
minimal contribution to C@®emissions in the sectoCH and NO are not emitted from industrial
processes.

Table31: CQ emissiondrom industrial processes in Lebanon for selected years

- Emissions from Emission from lime Emissions from use

Year Total Emissions GO cement production  production (Gg) of soda ashi(Gg)
(Gog) (Gg)

1994 171.88 155.02 11.85 5.01
2000 1,765 1,631 2 4
2006 2,020 2,012 2 6
2011 2,584 2,578 2 4
2013 2,545 2,539 1.50 4.38
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Figurel3: CQ emissiondrom industrial processes in Lebanon per category

While emissions from someategories were not estimated due to the absence of activity data
(namely glass production and phosphate fertilizers), it is assumed that these will not highly impact
overall GHG emissions from the sector, as the quantity produced is believed to be wémyami
compared to the highest emitter, i.e., the cement sector. However, emissions from the consumption
of halocarbons and §Fhaving a high global warming potential, may significantly affect the overall
emissions from the sector in terms of OfYyuivalert, even with small quantities.

2.3 Agriculture
Methodology

The IPCC guidelines for nation@HG inventories identified six sources of GHG emissions in
agriculture as follows:

Enteric fermentation

Manure management

Agricultural soils

Rice cultivation

Prescribed burning of savannahs

Field burning of agricultural residues

=A =4 -4 -8 a9

Agricultural GHG emissions in Lebanon consist mainly of emissions from enteric fermentatjon (CH
emissions), manure management (&d NO emissions) and agricultural soils@N\emissions). The

other IPCC subcategoriesrice cultivation, prescribed burning of savannas, and field burning of
agricultural residues do not occur in Lebanon and are thpsrted as Not Occurring (NO).

Thetier 1 approach was employed in the calculation of emissions, using the Revised 1996 IPCC
Guidelinesand the GPG 2000. There are no available data to adpgr 2 methodology.

For the GHG inventory of the agricultural sector, the UNFCCC software version 1.3:-2A(ex 1
National GHG Inventory Software) was used. All sheets presented in the software were filled as in
the module 4 égriculture) of the eftware, except forsheet (45s1) used for the calculation of\F
(nitrous oxide emission from agricultural soilskyWas calculated manually and the values entered

in the sheet. The calculations are presentedimexlll.
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Activity data

In BUR | actvity data of the agriculture sector was mainly derived from the FAO database (FAO Stat),
which was the most complete datase, with additions from the Lebane8&inistry of Agriculture

the Lebanes&ustoms, and the Lebanesgndicate ofcattle importers. Imported beef had not been
included in any national greenhouse inventory before the first BUR, which was considered an
improvement in the methodology.

Based on lessons learned from the BRI recommendations from the technical review under the

ICA process to: (1) rely on national primary sources rather than secondary sources, (2) enhance
sustainable institutional arrangements for data exchange between ministries, and (3) decrease
reliance on independent consultants to improve institutional meyand build capacities within
national institutions, a different approach for data collection has been adopted for the second BUR.
The new approach consists of adopting data available at the MoA, even if incomplete or based on
assumptions, and work on thestablishment of institutional arrangements for continuous data
exchange, which would save significant amounts of resources and time. The data missing from the
Ministry of Agriculture was completed by secondary sources or extrapolation. In addition,dke M

and the MoA have initiated a loAg SNY RA I f 23dz28 (G2 dzy RSNEGF YR St OK
collection and segregation level, in addition to participation in trainings on GHG inventories.

Table32 below summarizes the data sources used for the GHG inventory of the agriculture sector in
the second BUR.

Table32: Summary of data sources used in the GHG inventory foaghieultural sector

Reporting category and activity ~ Source used iBUR | Source used iBUR Il
data needed

Livestock Dairy Cattle FAOSTAT under the domain Ministry of Agriculture
population production Livestock primaryMilk,

whole fresh cowproducing animals

Non-Dairy Cattle Total Cattle is the summation of twc Ministry of Agricultureg

Non-DairyCattle sources: Imported beef was not included
Population = Total 1) Total Cattle: Obtained from due to:
Cattle population FAOSTAT under the domain 1) lack of records and archives
minus Dairy Cattle productionLive from BUR bn the source and
population. animals Cattlé Stock. contacts to obtain data on

2) Imported beef: Local data imported beef

obtained from Syndicate of Cattle  2) the exclusion of imported bee’

Importers (19972012).Values for from the MoA statistics. Future

19941996 were extrapolated. institutional arrangements will
explore the possibilitpf
gathering this data on a
sustainable basis.

Sheep, Goats. FAOSTAT under the domain Ministry of Agriculture
production live animals(name of
the species)tock

Swine, Camels, FAOSTAT under the domain FAOSTAT under the domain
Horses, Muls, production live animalé (name of production live animals(name of
Asses the species)stock the species)stock

Poultry (Laying For laying hens and broilers: All data obtained from the
Hens, Broilers and FAOSTAT under the domain Ministry of Agriculture, and

traditional chicken) productionlivestockprimarpé Y S I broilers were adjusted to 60 day:
LJ2dzf GNBE B 6f Aad o alive using the following
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(list\producing animals. Broilers
were adjusted to 60 days alive.
For traditional chicken, data was
obtained from Lebanese MOA.

However population were missing
for 19941996, 20062007 and 20141
2012. Tlese were obtained through

extrapolation and interpolation.

equation:

Population = Days alive
(NAPA/365)

Where:

Days alive= Averagaimber of
days for the animal before it is
slaughtered

NAPA = Number of Animals
Produced Annually

Detailed calculation of poultry
population is presented in Annex
[l

Nitrogen Fertilizer Consumption

Consumption data was taken from

local imports. Databtained from

The Lebanese Customs. Values for

19941996 were extrapolated.

2013 data obtained by
extrapolation from the available
data series from the previous
inventory. Data available at the
Lebanese customs did not matct
the data series gathered for ¢h
first BUR and no explanation
could be obtained. Data not
available at the Ministry of
Agriculture.

Crop
Production

Dry beans, green
beans, broad
beans, horse beans
chickpeas, lentils,
lupins, dry peas,
green peas,
vetches, barley,
maize, oats,
sorghum, wheat,
carrots and turnips,
garlic, onions,
potatoes.

FAOSTAT under the domain
Productioncrops (name of
crop)\production quantity.

FAOSTAT under the domain
Productioncrops (name of
crop)\production quantity. Data
available at the Ministry of
Agiculture only until 2009.

Crop production values should b
reported on dry matter (DM)
basis. Therefore all crop
production values were
multiplied by the appropriate DM
fractions.

Alfalfa.

Alfalfa production was obtained by

multiplying the areéharvested by
the yield. Area harvested was

obtained from FAOSTAT. Yield (40

tonnes Fresh Weight/ha) was
obtained from expert judgment.

Alfalfa production was obtained
by multiplying the area harvestec
by the yield. Area harvested we
obtained from FAOBAT, except
for the year 2013, estimation wa:
provided by Ministry of
Agriculture. Yield (40 tonnes
Fresh Weight/ha) was adopted
from expert judgment during
BURI

Manure Management systems

Data was obtained though expert
judgment and survey of selected

dairy, poultry and swine farms (Liba

Lait, Dairy Khoury, Hariri Farms,
Hawa Chicken, Tanmia, Wilco,
Porkys).

Data was adopted frorBUR |

Table33 to Table37 present some of the activity data collected for livestock populatiortjlitzsr
consumption, crop production and manure management for selected years.

Table33: Activity Data for livestock population in Lebanon for selected years
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Number of animals (heads)

1994 2000 2006 2011 2013
Dairy Cows 51,620 38,900 43,900 55,000 67,118
Other Cattle 43,480 38,100 33,100 15,000 13,382
Sheep 242,980 354,000 370,400 450,000 450,000
Goats 418,980 417,000 484,400 550,000 550,000
Camels 530 450 440 200 200
Horses 6,810 3,580 3,580 2,634 4,000**
Mules and asses 26,500 19,780 19,780 20,000 20,000
Swine 52,800 26,000 10,000 7,650 5,300*
Poultry 11,790,260 14,491,781 16,972,603 13,363,014 12,705,479

*extrapolation
**estimation

Table34: Fraction of Manurditrogen perManure ManagementSystem MMS) in Lebanon based on

expert judgement

Dairy Other Sheep Goats Camels Horses Mules Swine Poultry

Cows Cattle
Anaerobic Lagoons 0.01
Liquid systems 0.005
Solid storage and drylot 0.955 1 0.33 0.33 0.9
Daily spread 0.01 0.1
Pasture range and paddock 0.02 0.67 0.67 1 1 0.04
Poultry manure without 0.19
bedding
Poultry manure with bedding 0.77
Table35: Amount of synthetic fertilizer applied to soil in Lebarionselected years

1994 2000 2006 2011 2013

Synthetic Fertilizer Applied to 31,016,000 25,354,000 9,535,000 18,359,000 18,269,111*

Soil Ner{Kg N/yr)

*extrapolation

Table36: Amount of pulses produced in Lebanon for selecyedrs, reported in tonnes on a dry

matter basis

Production of pulses (dry) (tonnes) zraytter 1994 2000 2006 2011 2013

Dry beans 1% 4726 100 200 743 426
b

Green beans 085" 25500 39015 10,795 21250 20,773

Broad beans, horse beans 1@ 1,950 300 300 126 150

Chick peas 1% 9700 2200 1,200 3547 2,435

Alfalfa 059 13600 15,000 15000 15000 10,000
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1 (@)

Lentils 13,000 800 600 1,803 1471
Lupins 1% 4170 1,150 450 132 115
Dry peas 1% 1086 2450 2,400 2500 2,495
Green peas 085" 10880 3740 2465 3715 3,476
Vetches 099 48500 4725 2,835 648 7425
Total (dry basis) 87,012 69,480 36,245 49,554.35 42,084.15

(a) Pulses data from FAO are on DM basis; (b) 2000 GPG; Table 4MB,J(Q016(d) 2006 IPCGL, Table 11.2; (Nixing
Forages)

Table37: Amount of nonN fixing crop produced in Lebanon for selected years, reported in tonnes on
a dry matter basis

Production (dry) (tonnes) DM 1994 2000 2006 2011 2013

Barley 0.889 17,762.8 8,272 27,984 26,400 30,800
Maize 0.88%® 3,595.68 3,080 2,728 2,640 2,640
Oats 0.88® 448.8 352 211.2 161.04 128.48
Sorghum 0.88® 1,454.64 1,232 756.8 396 440
Wheat 0.88® 46,354 95,128 134,992 110,000 123,200
Carrots and turnips 0.12© 3,914.4 984 696 612.72 456.96
Garlic 0.357 12,250 3,850 1,085 992.95 668.85
Onions 0.147 9,910.46 22,064 6300 12,131.98 10,701.18
Potatoes 0.459 1447952 123,750 179,100 123,750 185,400
Total (dry basis) 240485.9 258712 353853  277084.7 3544355

(c)WSU, 2016(e) 2006 IPCC Glable 11.2; (f) Slovenian NIR; (g) 1996 IPCe&f8tence Manual Table 4.17

Emission factors
Enteric fermentation

Emission factors used for calculation of methane emissions from enteric fermentation are default
values from 1996 IPCC GL and reportedable 38 below. Total ClHemissions is then the sum of
emissions from all animal categories, except poultry as per the guidelines (enteric fermentation in
poultry is insignificant).

Table38: Methane emission factors for enteric fermentation.

Species CH Emission Source
factor
Sheep 5 1996 IPCC GL, reference manual, Table 4.3
Goats 5
Camels 46
Horses 18
Mules and asses 10
Swine 1
Dairy cows 100 1996 IPCC GL, reference manual Table 4.4. Milk production data are
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Other cattle 48 used in estimating an emission factor for enteric fermentation using t
Tier 1 method. Average annual milk production for dairy cows in
Lebanon is 4,200 kg/head/yr (comparable to Westeunnoge).

Manure management

1 Methane (Ch)
Table 39 below shows the emission factors used for calculating methane emission from manure
management. In addition to the livestock populations used for calculating methane emission from
enteric fementation, poultry populations were also included for estimating methane emissions from
manure management. For cattle and swine, emission factors suitable for Eastern Europe were
chosen as they better reflect the conditions for manure management in Lebérm solid based
systems are used for the majority of manure). For the other species showahile39, emission
factors for temperate regions were chosen from the default factors proposed by the 1996 IPCC
guidelines. Indeed, in the Reference Manual, Table three climate regions are defiden terms of
annual average temperature: cool (<15°C), temperate (£526°C), and warm (>25°C). Livestock
population in Lebanon all fall within the temperate region.

Table39: Methane emission factors for manure management.

Speies EF (kg/head/year) Source

Sheep 0.16 1996 IPCC GL, reference manual, Tab
4-5 (Temperate regions)

Goats 0.17

Camels 1.9

Horses 1.6

Mules and asses 0.9

Poultry 0.018

Dairy cattle 19 1996 IPCC GL, reference manual, Tab
4-5 (Eastern Europe)

Other cattle 13

Swine 7

1 Nitrous Oxide (bD)

The amount of BD emitted from manure management is estimated using the IPCC Tier 1 approach
where the total amount of Nitrogen excretion (from all livestock species/categories) in each type of
Manure Management System (MMS) is multiplied by an emission factor for that type of MMS. In the
absence of countrgpecific emission factors, the IPCC default nitrogen excretion ratgk dhd
emission factors were used.able40 and Table41 provide the nitrogen excretion rates for animal
species I and emission factors used for each type of MMS. Fraction of manure managed in each
MMS was determined using surveys of major dairy,-dainy, swine, and poultry farms as well as
expert judgment from academic experts.
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Table40: Nitrogen excretion rate for animal species and fraction of manure managed in each manure
management system in Lebanon

Dairy Other Buffalo Sheep Goats Camels Horses Mules Swine Poultry Source
Cows Cattle

Fraction of Manure Nitrogen per MMS

Anaerobic 0.01 Expert
Lagoons judgement

Liquid 0.005
systems

Solid storage 0.955 1 0.33 0.33 0.9
and drylot

Daily spread 0.01 0.1

Pasture 0.02 0.67 0.67 1 1 1 0.04
range and
paddock

Poultry 0.19
manure
without
bedding

Poultry 0.77
manure with
bedding

Nitrogen Excretion (kg/head/yr)

70 50 12 12 40 40 40 16 0.6 1996 IPCC
GL,RM,
Table 4
20.

Table41: Emission factors for Nitrous Oxide emission for each utilized manure management system.

MMS Emission Factor Source
(kg NO-N/kg N excreted)

Anaerobic lagoons 0.001 GPG 2000, Table 4.12 and Table 4.13
Liquid systems 0.001
Solid storage & drylot 0.02
Poultry with bedding 0.02
Poultry without bedding 0.005
Daily spread 0.00

* As per the 1996 IPCC guidelines, emissions from pasture range and paddock are not reported under manure
management, but rather under agricultural soils, which is whyttifite does not contain an emission factor for this type of
MMS.

Agricultural soils

Emissions of O from agricultural soils result from anthropogenic N inputs through both a direct and
an indirect pathway. Direct pathway occurs via two mechanismanfeptional additions of N
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directly to soils through synthetic fertilizers, nitrogen fixation byixihg crops, animal manure, and

crop residues and (b) unintentional additions of N through animals grazing on pasture, ranges, and
paddocks (PRP). IndireltO emissions occur through two pathwagssolatilization from applied
fertilizer and manure as Ntdnd NQ and subsequent deposition, and through leaching and runoff of
applied fertilizer and animal manure.

9 Direct Nitrous Oxide emissions
Fsn Nitrogenfrom Synthetic Fertilizer

Fsy is annual amount of synthetic fertilizer nitrogen added to soil, adjusted fog &hdl NQ
volatilization.

Table42: Factors used for the calculation of nitrogen from synthetic fertilizer

Fraction ofSynthetic Fertilizer 0.1 1996 IPCC GL, Reference Manua
Applied Emitted as N@and NH Table 424

Fragase

Emissim factor for direct 0.0125 1996 IPCC GL, Reference Manua
emissions (g NO-N/kg N) Table 418

Eaw: Nitrogen from Animal Manure

Faw is annual amount of animal manure nitrogen adjusted for (a} &hdl NQ volatilization,(b) for
manure dropped on soil from animal grazing (PRP), and (c) for fraction of manure N burned (i.e. used
as fuel, assumed zero).

In order to avoid double countiy) Ninputs from animals on pasture, range, and paddock (PRP) is
subtracted from nitrogen additions from animal manureyFand added separately as direciON

emissions from Pasture, Range, and Paddock.

Table43: Factors used fahe calculation of nitrogen from animal manure

Fraction of Nitrogen excreted during grazing Fraggpwas calculated as the ratio of the amout
(Fragrp of nitrogen excreted during grazing (PRP) to th
0.2:0.34 total nitrogen excreted from all MMS.

Appropriate cells on worksheet:
4-1s2 A24] 41s2 A27

Fraction of Nitrogen excreted emitted as NC g o 1996 IPCC GL, Reference Manual, Tah 4
and NH

Emission factor for direct emissiong&g N.O- 0.0125 1996 IPCC GL, Reference Manual, TaHl8 4
N/kg N)

Emission Factor for AWMS (kg®I¢ N/kg N) 0.02 GPG 2000, Table 4.12

Esn N fixed by Crops

Fsnis the annual amount of nitrogen added to soil through the process of nitrogen fixatiorfikinéy

crops cultivated annually. Nitrogen fixing cropxlude pulses (dry beans, broad beans, peas,
chickpeas, and lentils), leguminous crops (green peas and green beans) and N fixing forages (alfalfa
and vetch). gyis manually calculated using Tier 1a method (Equation 4.25; 2000 GPG):

FRn=2 x CrOQ:X FaCNCRBF

Where

Cropse= Yield of Pulses and leguminous vegetables (kg dry Matter/year, refeble36)

Fragcrs=  Fraction of biomass that is nitrogen (0.03, default value: 1996 IPCC GL, Reference
Manual, Table 4.19)
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As per IPCC recommendations, crop production values fiaxilg crops are all reported on dry
matter (DM) basisTherefore,all crop production values were multiplied by the appropriate DM
fractions (seeAnnexIV for detailed calculations ogf.

The fator 2 converts the edible portion of the crop (which is reflected in the production data) to
total crop biomass.

The emission factor for direct emissioris(0125kg NO-N/kg N) also applies for the calculation of
nitrogen fixed by crops.

Fcg Nitrogenfrom crop residues
Nitrogen returned to soil from crop residues left to decompose in the field.

Table44: Factors used for the calculation of nitrogen from crop residues

Fraction of nitrogen in N fixing crops 0.03 1996 IPCC GReference Manual,
Table 4.19

Fraction of nitrogen in non N fixing crops 0.010

Fraction of crop residue burned Fragsy 0 Experts judgement

Average of fraction of residue removed from field Expertgudgement (LARI) for Frac

for N fixing and non N fixing crops Frac 0.66 of each crop. We calculated the
average

Emissim factor for direct emissions @ NO-N/kg N) 0.0125 1996 IPCC GL, Reference Manu:
Table 418

9 Indirect Nitrous Oxide emissions

Indirect NO emission from nitrogen added &gricultural soils are based on two sources. These are:
volatilization and subsequent atmospheric deposition ot &kt NQ from the application of

fertilizers and animal manure, and leaching and runoff of the nitrogen that is applied to or deposited
on sdls.

Note: Emissions of @ produced from the discharge of human sewage into rivers are reported under
the waste sector.

Table45: Fractions and emission factors used for calculating indirect emissions from agricultural soils

Fraction of total manure N excreted that volatizes 1996 IPCC GL. Reference Manu:

Fragasvkg NH-N + NQ-N volatilized/kg of N excreted b 0.2 Table 419 ’

livestock

Fraction of synthetic fertilizer N applied that volatizes 1996 IPCC GL. Reference Manus

Fragaskg NH-N + NQ-N volatilized/ kg of fertilizer N 01 Table 424 ’

applied

Fraction of N that leaches Fragcikg N leached /kg of 1996 IPCC GL, Reference Manu:
. . 0.3

fertilizer or manure N applied Table 424

Emission Factor for atmospherateposition of NH and 0.01 1996 IPCC GL, Reference Manui
NQ, (ER) (kg NO¢ N/kg N) ' Table 423

Emission factor for leaching (ERKkg N.O ¢ N/kg N) 1996 IPCC GL, Reference Manui

0025 roble 423
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Results

In 2013, total GHG emissions from tagricultural sector were 9835 Gg C@eq, constituting 4% of
total national emissionsNitrous oxide (MD) emissions from agricultural soils1(.5 GgCQeq.)
represented over half of emissions from agriculture , €Missions from enteric fermentation were
26561 GgCQeq. and NO and Chemissions from manure management 210.4 @Ggeg. Most of
the emissions from manure managementere due to NO emissions as opposed to CH

The summary of methane (QHemissionsrbm enteric fermentation and manure management and
nitrous oxide (MO) emissions from manure management and agricultural soils are preseniathie

46 below.

Table46: GHG emissions for thagriculturesectorfor selected years

Enteric fermentation (Gg GH 11.02 9.88 10.55 11.48 12.64
Enteric fermentation (Gg G&y.) 231.42 207.48 221.55 241.6 265.44
Manure management (Gg QH 2.27 1.83 1.80 1.72 1.91
Manure management (Gg G&2.) 47.67 38.43 37.80 36.20 40.11
Total Gg CH 1329 1171 1235 13.24 1455
Manure management (Gg,0) 0.46 0.47 0.52 0.53 0.55
Manure management (Gg G&2).) 141.05 1450  161.D 164.3  170.9
Agricultural soils (Gg.®) 1.9 1.75 1.29 1.62 1.65
Agricultural soils (Gg G€y.) 615.35 542.9 399.9 502.D 511.9
Total Gg BO 244 222 1.81 2.15 2.20
Total emissions from agriculture (Gg£Q) 1,035.49 934.11 82045 94387 98755

The main source of emissions across the years@s fddm agricultural soils, which constitute over
half of total agricultural emissions, while the remaining sources ofgams are almost equally from
enteric fermentation (CkJ and from manure management (¢£&hd NO) Figureld).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Gg CQegq.

1994 2000 2006 2011

2013

m Enteric fermentation = Manure management m Agricultural soils

Figurel4: GHG emissions by agricultural source)@gl contribution (% of total from agriculture)
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Enteric fermentation

Enteric fermentation is a major soura® emissions within the agricultural sector. In 2013, it
constituted 265.44 Gg G€x., compared to 2416 Gg C@eq. in 2011 and 2235 Gg C@eq. in 20®.

Dairy cattle are the main methane emission source for enteric fermentation, followed by sheep and
goats (Table47).

Table47. Methane emissions from enteric fermentatifor selected years

Species 1994 2000 2006 2011 2013
Dairy Cattle CHGQ) 5.16 3.89 4.39 5.50 6.71
Non-Dairy Cattle CHGQ) 2.08 1.82 1.58 0.72 0.64
Sheep CHGg) 1.21 1.77 1.85 2.25 2.25
Goats CiH{Gg) 2.09 2.08 2.42 2.75 2.75
Camels CHGQ) 0.024 0.02 0.020 0.0092 0.0092
Horses CHGQ) 0.12 0.064 0.064 0.0047 0.072
Mules and Asses G{&Q) 0.26 0.197 0.197 0.20 0.2
Swine CHGQ) 0.052 0.026 0.010 0.0076 0.0053
Poultry CH(GQg) 0.00 0.00 0.00 0.00 0.00
Total CH(Gg) 11.02 9.88 1055  11.48 12.64
TotalCQeq.(Gg) 231.42 207.48 22155 241.16 265.44

Manure management

In 2013, dairycattle were also the largest contributor to €eimissions from manure management
(67%). They are followed by nalairy cattle (9%) and poultry (12%)durelbs).

Swine
2% Poultry
Mules and Ass 12%

Non-Dairy C
9%

51



Lebanonds Bismmldpdhte Report to the UNFCCC

Figure 15: Distribution of methane emissions from manure management gEectedspecies in
2013.

Nitrous oxide emission from manure management depends on how manure for each animal species
is distributed between different Manure Management Systems (MMS). MMS utilized in Lebanon for
different animal species and the fraction of manure nitrogen per ggeper MMS are presented in
Table34. Mainly, cattle manure is largely managedsatid storage anddrylot, whereas sheep and
goats are distributed &tween Pasture, Range and Paddock (PRP)sald storage anddrylot.
Poultry manure is mainly managed with bedding and to a lesser extent without bedding (traditional
chicken manure is included under PRP).

Nitrous oxide emissions from major MMS are @neted inTable48 below. Manure managed under

solid storage anddrylot, and poultry manure managed with bedding represent the largest sources of
emissions (almost equally), since nitrogen excretions from manure managed in those two systems
are the highest Kigure16). Note that emissions frondaily spread and frompasture, range and
paddock are considered under emissions from agricultural soils and therefore not included in the
calculations of D emissions from manure management.

Table48: Nitrous oxide emissions frommajor manure management systems utilized in Lebanon for
selected years

1994 2000 2006 2011 2013
Anaerobic lagoonbslLO(Gg) 0 0.00 0.00 0 0.00
Liquid system&,O(Gg) 0 0.00 0.00 0 0.00
Daily spread
Solid storage & dryldi,O(Gg) 0.28 0.24 0.26 0.27 0.29
Pasture range and paddock
Poultry manure without beddiniy,O(Gg) 0.01 0.01 0.02 0.01 0.01
Poultry manure with beddini,O(Gg) 0.25 0.22 0.25 0.25 0.25
TotalN,O(GQ) 046 0.47 0.52 0.53 0.55
Total CGeq. 141.05 14770 16020 164.3 17050
10,000,000
9,000,000
8,000,000
S 7,000,000
S 6,000,000 Others
Y 5,000,000 m Swine
qé’ 4,000,000 m Sheep and goats
'% 3,000,000 u Poultry
2,000,000 m Dairy cattle
1,000,000 . = Non-dairy cattle
0 T T T T
Anaerobic  Liquid Solid Poultry Poultry

lagoon systems  storage  without manure
drylot bedding with
bedding
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Figurel6: Amount of nitrogen (§ N/year) excreted from animals in different manure management
systems in Lebanon in 2013

Agricultural soils

In 2013, 4% of total NO emissions from soils were due to indirect emissions, while direct emissions
were 42%, and emissions from grazing (PRBje 18%. Shares of subcategories from agricultural
soils emissions remain fairly stable over the years as showiiable 49. Figure 17 further
disaggregates direct and indirect esgions into their subcategories for the year 2013. Leaching
constitutes a much larger fraction (90%) than atmospheric deposition (18%gh&d nitrogen enters

the groundwater, riparian areas, and rivers where it enhances biogenic productioyOoBxhissins

from this category are therefore directly linked to the use of N fertilizers, and they will vary
accordingly. On the other hand, fertilizer use and animal waste are the main sources of direct
emissions.

Table49: Total emissions from agricultural soils and its subcategories in Lebanon for selected years

1994 0.98 49 0.79 40 0.22 11 1.99 615.35
2000 081 46 0.70 40 0.24 14 1.75 542.50
2006 051 40 0.52 40 0.26 20 1.29 399.90
2011 0.68 42 0.65 40 0.29 18 1.62 502.20
2013 0.69 42 0.66 40 0.30 18 1.65 511.50
Animal
grazing
18%
Volatized . Crop
10% N-fixing residue (FCR)
crops (FB 10%
" NL\
Synthetic
fertiliser
(FSN)
Animal 4%
waste (FAW)
37%
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Figurel17: Contribution of subcategories to direct and indirect emissions from agricultural soils in
2013

2.4 Landuse,landuse change andorestry

Methodology and activity data

Selection of the appropriate tier levédr the land categories and subcategories, AD® gases and

carbon pools, was mostly based on the resources available for the inventory process. The
representation of most landise areas and land conversions was done following the Approach 3
which is a Hr 3 level methodology used in the selection of activity data. Thelawegl land
categories which were considered in the change detection mapping were forest land, cropland,
grassland, wetlands, settlements and other land. The definitions for these c@esgmcording to the
National classification system based on the Land Cover / Land Use map of 1998 are listed in Annex IV.

Initial collection and calculation of the activity datAnpex V) was conducted following three
methodologies depending on the alability and type of countrgpecific data:

1 Approach 3 within Intergovernmental Panel Climate Change Good Practice Guidance

1 Surveys and personal communications

1 Interpolations and extrapolation
The abbreviations FF, GG, CC, WW, SS, OO denotadstagdégories undergoing no conversions;
and the abbreviations LF, LG, LC, LW, LS, LO denoted land conversions to these &atedgories
(Annex IV). Overall, land categories and subcategories were accounted for in the inventory
estimation depending on data aifability.

Table50: Land use categories and subcategories, carbon pools an€Clpgases accounted for in
the inventory estimation of the LULUCF sector in Lebanon

Land use Estimations Aot SeliEiee
: Subcategories (NE)/No activity  Assumptions
categories calculated .
data available
Forest land
remaining forest Estimated - -
land
Forest land Land converted Other land converted Grassland and No Settlements
to Forest land through Cropland
to . converted to Forest
afforestation/ converted to
Forest land . land
plantations Forest land
Cropland
remaining Estimated
Cropland
Cropland N
Land converted No Settlements
- Other land
to cropland converted to Cropland
converted to
Cropland
Grassland
remaining Estimated - -
Grassland
Grassland

Cropland, Forest
Land converted land and Other No Settlements

to Grassland converted to Grasslanc
land converted to
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Land use Estimations Aot SetEie
. Subcategories (NE)/No activity ~ Assumptions
categories calculated .
data available
Grassland
Wetland Estimations not
remaining - - required for
Wetland calculatiorf
Wetland No Cropland, Forest
Land converted Grassland converted i land, Settlements or
to Wetland to Wetland Other lands that are
converted to Wetlands
Settlements Estimations not
remaining required for
Settlement calculatiorf
Settlement Forest land, Grasslant
Other land
Land converted and Cropland
converted to -
to Settlements converted to
Settlements
Settlements
Typically unmanaged i
rczztr?gr:?nndomer i i reference to GPG (IPC
g 2003p.3.145)
land
Other land Forest land,
Grassland and No Settlements
Land converted
Cropland converted to Other
to Other land
converted to land
Other land

! Estimations are calculated for the following carbon pools and@@ngases depending on data
availability: AGB, BGB, DOM, litter ardil carbon; CEINO, CO and NO
% Lebanon is considered as rAnnex | Party in the UNFCCC convention.

GHG emissions and removals reported from the LULUCF sector in Lebanon are respectively caused by
biomass losses and increments and by variatiospihcarbon stocks from the different land use and
land use change categories which were taken into consideration in this(ivabke51).

Table51: Causes of GHG emissions and removals reported for the LULUCF sector in Lebanon

Increase in soil carbon

Biomass increments .
stocks and litter

Biomass losses

Forest converted to settlement Growth of forest lands

Grassland converted to settlement

Cropland converted to settlement Growth ofcroplands

Burned forest lands (Perennial crops)

Afforestation

Burned croplands (perennial crops)

Burnedgrasslands Growth of lands converted

to forests or plantations

Fuelwood gathering from forests (Afforestation)

Almost all burned areas in Lebanon have resulted from hunzarsed fires. It is hot easily possible to
have natural causes of fires such as lightning due to the coincidence of lightning with the start of the
wet season.
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Emission factors and other parameits

Collection of the Emission/Removal (E/R) factors was done following two methodologies according to
the availability and type of data:

9 Tier 1: IPCC GPG default data or assumptions

1 Tier 2: Countnspecific data from global databases, literature surveys, and personal

communications

A complete list of the E/R factors investigated and reported in reporting tables for the calculation of
GHG emissions and removals from 12843 is provided i\nnex IVE/R factors were collected or
calculated (by awages and extrapolations) for each category depending on the disaggregation level
required by the GHG emission/removal calculation method and depending on the data availability.
Detailed calculations, values and sources of all the E/R factors are re@ortedocumented in the
UNFCCC reporting tables.

Results

In 2013, LULUCHCcted as a greenhouse gas sink in Lebanon, with net removals eq3:368.8659
CQ (Table52).Indeed,[ SO0 Y2y Q& ¢ A R Seprentiasigiificad2ORS8nK,Jalthdughfat
downward trend in sink capacities have been observed in recent ykardo deforestation, forest
fires and most importantly, urbanization.

Table52[ S0 y2yQa DI D SYA34A2YakNBY20l f 83 adzyYl NBE T NP

CcQ CcQ CH N,O Total
emissions removals  emissions emissions  emissions
Gg Gg Gg Gg Gg CQeq.

Land use, land use change and forestry 149.67 -3,518.80 0.01094  0.00014 -3,368.86
A. Forest land 0.00 -2,296.94 0.01066  0.00013 -2,296.67
1. Forest land remaining forest land -2,210.73 -2210.73
2. land converted to forest land -86.21 -86.21
B. Cropland 0.00 -1,221.86 0.00 0.00 -1,221.86
1. Cropland remaining cropland -1,221.86 -1,221.86
2. Land converted to cropland 0.00
C. Grassland 0.00 0.00028  0.00001 0.00 0.01
1. Grassland remaining grassland 0.00028 0.00001 0.00
2. Land converted to grassland 0.00
D. Wetlands 0.04 0.00 0.00 0.00 0.04
1. Wetlands remaining wetlands 0.00
2. Land converted to wetlands 0.04 0.01
E. Settlements 149.63 0.00 0.00 0.00 149.63
1. Settlementsemaining settlements

2. Land converted to settlements 149.63 149.63
F. Other land 0.00 0.00 0.00 0.00 0.00
1. Other land remaining other land

2. Land converted to other land
Results reflect calculations of emissions froblLUCF based on 2003 GPG for LULUCF.
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Numbers may reflect rounding.

The main categories that are contributing significantly to the emissions/removals in LULUCF are the
conversion from forest land, crop land and grassland to settlements. These are dramly by the
following factors:

- Unregulated urban sprawl

- Active market of the real estate sector

- Absence of clear zoning

- Expansion and improvement of the road networks in rural areas

- Improvement of public and private services in rural areas

- Lack ofinterest of owners of cropland, forest land and grasdlamkeeping such type of lands
due to increase in land prices and increase demand for commercial and residential
development projects

- High costs of labors to maintain croplands

- Lack of a market fahe agricultural products

Degrading financial situation of citizens (selling agricultural lands and grasslands which are

eventually converted to urbanized areas)

It is important to note, however, that the reported numbers of annual conversion to settlement
accounted only for the annual sum of any conversion that is above 90 to 100his was mainly

due to the spatial resolution of the employed satellite imagery. Counting the changes that are
below 90 nf can slightly increase the total areas of conversmsettlement.

Table53: Changes in emissions/removals in 2013

Type of change Change in area (ha) CQemissions/removals (Gg)
Forest to Coniferous 48.62 +11.94
settlements Broadleaf 258.75 +57.87
Mixed 49.56 +11.63
Cropland to Perennial 265.25 +61.27
settlements Annual 329.37 +6.04
Grassland to settlements 296.687 +0.87
Fuelwood gathering (f) 18,769m> +26.8
Forest land remaining forest land (different +3.15
between 2012 and 2013) -356.94
Afforestation(Cumulative) 3,597.56 -86.20

Further observations showed that broadleaf forests wire mostaffected by land conversion to
settlements. This was mainly the result of the relatively large extent of broadleaf forests in the
country and the fact that urbanization most likely occurs more on shrubland (mostly broadleaf
vegetation) than on forested aas.

Conversions to settlements have also affected croplands and grasslands. It is easier, however, to
convert annual crops than removing perennial crops (mainly comprising fruit trees and orchards).
Conversions of cropland and grassland to settlemeanight be related to the lack of interest of
owners in keeping such type of lands (e.g. increase in land prices related to an increasing number of
population, increasing demand for development projects), high costs of labors and lack of a market
for the agicultural products, and degrading financial situation of citizens (selling agricultural lands
and grasslands which were eventually converted to urbanized areas). This has been at least
confirmed for artificialized cropland on the Lebanese coast.
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The totalestimate for fuelwood gathering in 2013 was 18,769 mquite constant number over the
inventory time period resulting in an average £&ission of about 27 Gg/yr. Moreover, a decrease

of 0.14% in forest lands from 2012 was shown in 2013, which is waslymattributed to
urbanization resulting in a decrease in @movals from forest areas by 12.1 Gg. Afforestation
activities in 2013 covered a total area of 302.62 ha of forests leading to a cumulative increase in CO
removal of 86.20 Gg in 2013.

The main source of GHG emissions in 2043s wildfires affecting forest land, cropland and
grassland, with forest lands being the main target of these fifablg54).

Table54: Emissions from burned areas in 2013

Type Burned areas(ha) CQemissions (Gg) CHemissions (Gg) N,Oemissions (Gg)
Coniferous 475 +0.68

Forest Broadleaf 44.25 +5.79 +0.01066 +0.00013
Mixed 78.56 +10.78

Cropland Annual NE NE NE NE
Perennial 9.56 +2.20 NE NE

Grasslantl 37.88 NE +0.00028 +0.00001

'CH and NO emissions from croplands are not accounted for in the GPG for LULUCF since the source of these types of emi
mainlyagricultural activities (fertilization, livestock, burning, etc.). These are included in the agricultural sector.

CQ emissions from burned grasslands are not accounted for in Tier 1 of the IPCC GPG for LULUCF, since it is assumesl ah
balancein biomass stocks of grasslands. Burned lands are only calculated for perennial crops.

In 2013, forests followed by croplands had the largest contribution tpe@tssions/removals in the
LULUCEF sector in Lebanéig(rel8).

CO, Emissions/removals by Category in 2013 (Gg)

149.63
0.04
0
Wetlands Settlements
500
- = Forest Land
o
:JD 1000 ® Cropland
© Wetlands
-1,221.86 Settlements
1500
-2000
-2,296.94
-2500
Categories

Figurel8: CQ emissions/removals by category in 2013.

Table55 shows for selected years a summary of the tota} @@ norCQ emissions/removals in Gg
CQ equivalent from the LULUCF sector.
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Table55Y [ S0 |y 2nyisSidns/rBnhotals summary from the LULUCF sector for the period 1994
2013(for selected years)

GHG emissions/removals

of the LULUCF sector 1994 2000 2005 2010 2013
CQ (Gg) 3450.84 322129  -3303.30  -3218.00 -3369.12
CH (Go) NE 0.03 0.04 0.04 0.01094
CH (Gg C@eq.) NE 0.57 0.74 0.81 0.22974
N,O (Gg) NE 0.00 0.00 0.00 0.00014
N,O (Gg C&eq.) NE 0.11 0.14 0.16 0.0434
NO, (Gg) NE 0.00 0.00 0.01 0.00149
CO (Gg) NE 0.41 0.52 0.59 0.16316
th)a' emissions (Gg &« NE 0.68 0.88 0.97 0.2731
Total removals (Gg GD 345084 322129  -3303.30  -3218.00 -3369.12
CN:g eGqH)G removals (Gg 3450.84  -322061  -330242  -3217.03 -3368.85

"NE: Not Estimated. No activity data about burned areas from 1988 resulting in no data about totahmissions during
this period.

2.5 Wasteand wastewater
Methodology

I O0O2NRAY3 G2 GKS Lt/ / 3JdzZARStAySazr (GKS &2 dzaNDOS
discharge of both solid waste and wastewatexhile differentiating between the various
management options. The fundamental basis for the inventory methodology rests upon three
assumptions:

1. The flux of methane (CHto the atmosphere is assumed to be equal to the sum of emissions
from solid waste disposal sites and wastewater treatment, amdiseions from waste
incineration (considered to be negligible).

2. The flux of nitrous oxide @) to the atmosphere is assumed to be equal to the sum of emissions
from wastewater treatment and eissions from waste incineration.

3. Carbon dioxide (Cfpcan be ettmated by first establishing the rates of organic content in waste
incinerated.

Based on the availability and level of aggregation of the information on waste and wastewater
characteristics in Lebanon, the tier 1 method was adopted for the emissiongatains.

Activity datac¢Solid waste

Data on solid waste generation is not readily available and where available, information is
disaggregated (by site, operator, local authoriyg.), decentralized and often reported in hard copy
reports making any manipulation and analysis time consuming and difficult. Furthermore, solid waste
amounts are generally estimated based on population and generation rate per capita estimations
and not on drect weighing and monitoring of collected solid waste from households and institutions.
Surveys and assessment conducted for the years 1994 (Eldfabl€bayti, 2000), 2006 (CDR, 2006),
and 2010 (MoE, 2010) produced generation rates for these respegtiaes. Due to the increased
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migration from rural to urban areas and major cities during the past 20 years, a significant increase in
the quantity of waste in Beirut and Mount Lebanon (excluding Jbeil Caza which is served by a private
waste collection opeator) took place over the last years. The estimated quantities of municipal solid
waste generated within the Greater Beirut Area and Mount Lebanon in year 2013 was estimated to
be 2,850 tomes/day, compared to 2000 tons/day back in year 199@%/EERet, 2014).

The data collection for this GHG inventory (was conducted using several references and studies that
helped retrieving basic information to start building up the model. This information was mainly
based on populatin statistics, waste statisticegview of literature made available through national
reports and publicationsnd personal communicationin addition, expert consultation meetings
were held in order to validate assumptioaadfindings.Extrapolations and interpolations were used
when dat was unavailable.

Table56: Activity data for solid waste emissions calculations

Population includes:

- Lebanese resident® 2013 was extrapolated frormpublished surveys from CA
for the years 1997, 2004 and 2010

- Foreign workergApprox.840,000in 2013) as per CAS

- Palestinian refugee&alculatedas 441,000in 2013) as per theUnited Nations
Relief and Works Agency

- Syriandisplacedstarting 202 were retrieved from official yearly publicationsk
the UNHCR (UNIRC2013)

Population

Interpolation and extrapolation were performed using a growth rate of 1.65%
commonly used in studies for World BafWorld Bank, 2011; SWERIRt, 2010).

The generation ratefor the Lebanese population, including foreign workers &
Palestinian refugegesvasextrapolated based ompublications issuedor the years 1994
(El Fadel and Sbayti, 200@006(CDR, 2006)and 2010(MoE, 2010) For other years,
rates were calculated by extrapolation atterpolation. The generation rate used fo
Syriandisplacedwas adapted from Lebanon Environmental Assessment of the S
Per capita waste  Conflict
generation rate
The waste generation rate for the Lebanese population (including foreign workers
Palestinian refugees) is 1.05. The rate for Syrian displaced varies between 0.47 1
bekaa region, 0.5 for the south, 0.51 for the north and 0.53 for Beirut and M
Lebanon (MoE/EU/UNDP, 2014).

Waste generation for the years 1994 through 3041 & OI f Odz |
Municipal solid OFLAGE 61aidsS 3ISYSNIrdAzy NI GS¢E 0f
waste generation refugeeg for each year rgsectively.

R
and

D
< »

[t
N

A4YFyl3aSRE {2f AR 2| &dde cndideredid LLebanofiNaamsh
,Zahle, Tripoli and as of 2013, Saida other landfills in Minieh, Nabatieh and Baalbe
have partially received waste during 2013, 2014 and 2015.

Municipal solid

: . Information on the wastequantities landfilled/dumped in these sites was retrieved frc
waste disposed in

the managing entities of these landfillRACECO reportsr the Naameh LandfjiMoores

[S)?s“do\s/\ﬁsstﬁes for the Zahle landfill, BATCOfor Tripoli landfill, Sidon Environmentébr Saidaand
(SV\F/)DS) OMSAR for Minieh, Baalbeck and Nabatieh

Waste quantities geerated by Syriandisplaced were adapted from Lebanor
EnvironmentaAssessment of the Syrian Conflict (MoE/EU/UNDP, 2014).

Open dumpsites  In 2011, a detailed survey was conducted on dumpsites in Leb@ioR, UNDP, ELAR
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2011) The study was used as a basis for analysis on the status of dumpsites in Le
and for emission factors estimations in 2013.

Percentage of
treatment
(composted,
recycled, reused)

The information provided by personal communications with the MoE on the operati
solid waste treatment facility was the base for calculating the percentage of w
composted, recycled and reuséiloE, 20%c).

The portion of HCWihcinerated was retrieved from MoE and extrapolated for the per
19942013. Autoclaving conducted by Arcenciel and specifically operations as of the
Health care waste 2003 significantly reduced the amount of waste incinerated. It should be highlig
(HCW) however that hcineration is still conducted at various medical establishments witr
permits or monitoring.

The information of recovered gas in the operational landfills was provideah the
adzLISNBAaAYy I O2yadzZ GFyGiaQ NBLR2NILIA T2N

Quantity of Only methane recovered from the Naameh landfill have been considered in
recovered gas .

inventory.

Quantities of waste exported are minimal and are mainly composedazfardous
Exported . . ) ;
quantities material. These amounts have not been taken into account in the calculation of

emissions from waste disposal mainly due to their composition.

Table57: Main data collected and computed for solid waste

Waste : Total waste Quantity of % % recycled
Year Population ?air;eratlon generated recovered deposited reused

(ka/capld) (Gglyr) CH (Gg) in SWDS composted
1994 3,863,542 0.83 1,170.46 0 96% 4%
2000 4,262,161 0.90 1,400.12 0 89% 11%
2006 4,701,909 1.00 1,716.20 10.94 87% 13%
2011 5,102,830 1.05 1,955.66 16.11 85% 15%
2013 6,131,254 0.47-1.05 2,177.72 18.14 83% 17%

" This includes 5,272,613 as Lebanese population and 858,641 as Syrian displaced

Table58: Solid waste generation and disposal considered for Siispiacedor the year 2013

Registered  Solid waste

Syrian Generation rate  Solid waste Solid waste disposal
Mohafaza  Displaced (kg/refugee/day) generation (kg/year) (tonnes/year)
Beirut ML 223,249 0.53 43,187,519 43,187.52 Naamehlandfill
North 250,128 0.51 46,561,327 12,571.56 __ Tripoli landfif
33,989.77 Open dumps
Bekaa 280,110 0.47 48,052,871 24,026.44 _ Zahleh landfif
- 24,026.44 Open dumps
South 105,154 0.5 19,190,605 19,190.61 Open dumps
Total 858,641 156,992,322

Including Syrianisplaced Palestine Refugees froByrian and returning Lebanese

2 Tripoli landfill receives 27% of the waste generated in North Lebanon. The remaining quanéitéisposed of in open
dumps

3 Zahleh Landfill receives 50% of the waste generated in the Bekaa. The remaining quamtitiéspased of in open
dumps.

Source| adapted from MoE/EU/UNDP, 2014
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The calculation of methangenerated from solid wastelisposal sitedased on the use of the

Methane Correction Factor (MCF) available byf@GIPCC, 200#king into accounthe different

SWDS categies. Naameh, TripoliZahlehand Saiddandfills are categorized as Manageudth an

MCEF of 1. The 504 unmanaged dumpsites@assifiedoetween deep and shallow, as per the data
available by MoE/UNDP/ELARD (201tl)s worth noting that some dumpsites were classified as
aKlItft2g Ay GKAA alddzRe R 8 thedweérsSrepiriedtd be BegularlyRisfitdi K 2 T
thus losing potential methane generation. Total amounts of waste received by the different managed

and unmanaged classes are presentedaile59 and Table60.

Table59: Description of SWDS categories

SWDS Category MCF Description

- Sufficient depth

- High compaction with suitable equipment

- Properly designed andell-operated leachate and storm water systems

- Proper site management with no scavenging at the operational area
Managed 1 - Control of incoming waste types and quantities and environme

monitoring schemes established

- Frequent surface covering

- Prevention of landfill fires, litter and scavenging animals

- Gas control and extraction/recovery

- Sufficient depth
- High compaction
0.8 - Anaerobic degradation conditions in substantial or all parts of the sites
- Poor and light perational equipment
- Scavenging by people and animals

Unmanaged; deep
6% p Y gl ai

- Poor and light operational equipment
- Scavenging by people and animals
0.4 - Aerobic degradation conditions in substantial or all parts of the sites,
- Frequent firespften used deliberately and systematically mainly tduee
G2t dzvySa FyR GBKS3IHSG NAR 27

Unmanaged; shallow
(<5 m waste)

Source| IPCC, 2007

Table60: Proportion of waste received by each category of unmanaged sites

Proportion of waste (by weight) for eactype of SWDS$

Unmanaged; shallow (< 5 m wast@r

Year Managed UnmanagedcRSSLJ 6 xp Y >=5 m with open burninyy

1994 0.00 0.31 0.69
2000 0.54 0.14 0.31
2006 0.56 0.14 0.30
2011 0.65 0.11 0.24
2013 0.65 0.11 0.24

Tit is considered that 31%f open dumpsites areunmanageddeep and 69% areinmanageeshallow (by weight)
(MoE/UNDP/ELARD, 2011).

As for health care waste, a new sectoral assessment on industrial and unintentionally released POPs
was prepared by the Ministry of Environment in 20The inventory updated the amount of health

care waste being incinerated since 2004 based on a field survey with hospitals, which necessitated
the recalculation of CQemissions from waste incineration to preserve a tisggies consistency.

Table61: Quantities of medical waste being incinerated

2004 | 2006 | 2009| 2011 | 2013

Medicalwaste (tonnes/year) 330 | 284 219 216 57

Source |[MoE/UNEP/GEF, 2017
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Activity data-Wastewater

Limited information is available in Lebanon with regards to wastewater generation rates, treatment

percentages and discharge media. Therefore, all of the activity data relies on assumptions and

estimation that are either made for this inventory or adoptiedm other publications.

Table62: Activity dataand assumptions mader wastewater emissions calculations

Wastewater
guantities

Wastewater quantities are estimated based on the degradable organic content (kg BOC
persons) of the Lebanese population. Calculations take into account Ssilacedlocated in
Lebanon, where it is assumed that the same wastewater discharge maetie adopted.

Wastewater
management

There is no largsize wastewater treatment plan (WWTP) that is currently operationa
Lebanon. Some small size rural WWTPs are reported to be partially operational and/ol
efficiency questioned. These atgerefore not considered in this inventory.

Wastewater
discharge

The discharge media of wastewater considers only three options: river discharge, septic tal
aSId 5A80KFNHBS LISNOSyidl3IsSa 6SNB O2YLlzi SR
connections onto the networks vs. connections to septic tanks as publishedAg§n 2009. This
was complemented by overlaying GIS layers showing population data in various regi
Lebanon to calculate the percentage of the wastewater discharged irdiffierent media. It is
assumed that the inside regions in Lebanon (Bekaa) discharge into rivers and/or septic tar
coastal zones discharge into sea and/or septic tanks.

Industrial
Wastewater

In Lebanon, quantitie®f industrial wastewater generatedrdm the industrial sector are no
available. Relevant studies estimate it as 20% of municipal wastewater generation, which
the assumgtion made for this inventory (MoEW, 2040

Industrial wastewater igenerallydischargeckeither in sewers that relese wastewater directly ir
the sea without treatment or directly in rivers. Therefore, and based on the geogre
distribution of industries between coastal and inland area, it is considered in this inventory
85% of industrial wastewater is dischatyim the sea and5% in rivers (Molnd, 2015)

Since there is limited information on the wastewater generation per type of industry, its Che
Organic Demad content could not be determined. Therefor¢ghe degradable organi
component of municipal wasteater is used.

Table63: Specific data for wastewater

Degradable  Total Organic Wastewater

Organic Wastewater generation incl. Discharge  Discharae in
Year  Population Component  generated industrial ® in Riverg sepic tagnks Discharge

P (kg (kg BOD/YT) (kg BOD/yr) ) ((VF)’ in sea (%)

BOD/1000 ° -

Pers)
1994 3,863,542 23700 91,565,935 109,879,122 0.15 0.26 0.59
2000 4,262,161 23700 101,013,224 121,215,869 0.15 0.26 0.59
2006 4,701,909 23700 111,435,234 133,722,281 0.15 0.26 0.59
2011 5,102,830 23700 120,937,071 145,124,485 0.09 0.28 0.63
2013 6,131,254 23700 145,310,711 174,372,853 0.09 0.28 0.63

I This includes 5,272,613 as Lebanese population and 858,641 asdisplaned UNHCR, 2013)
2 considered to be the same for Lebanese population and Sgiitaced
%industrial wastewater adds a load of 20% on the domestic wastewater
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Emission factors

For the calculation of GHG emissions from solid waste, the following tables show the parameters and
the methane correction factor used for each type of disposal site. The main source of information for
the SWDS parameters and MCF used isIB@C (2000¢onsidering the unavailability of country
specific andsite-specificdata.

Expert judgment was used to estimate some of the parameters in the cases where ranges were
provided in the guidelines or in the cases where no clear provision is taken in theigesddlhese
parameters were discussed and validated during the expert consultation meeting.

Based on the recommendations of the inventory review of the first BUR, the fractidagpddable

organic carbon (DOC) which actually degrades (DOCT) used fomdretvas estimated inconsistent

with the IPCC Good Practice Guidance. It was suggested use the value 0.5 instead of 0.77 and revise
estimates. The fraction of DOC which actually degrades has been changed accordingly.

Table64: Paraneters adopted for methane generation from MSW

Parameters Values
Fraction of DOC in MSW (%) 17
Fraction of DOC which actually degrades (%) 50
Fraction of carbon released as £Pb) 50
CH, oxidation correction factor (%) 0

Source | IPCC, 2000

Table65: Methane correction factor from SWDS

Type of site CH, correction factor
Managed 1.0
Unmanaged; deep (>= 5 m waste) 0.8
Unmanaged; shallow (< 5 m waste) 0.4

Source | IPCC, 2000

Table66: Incinerationdefault values considered for HCW and municipal waste

Incineration default values Source
MSW HCW

Carbon content of waste (%) 40 60 (IPCC, 2000)

Fossil carbon as % of total carbon 40 40 (IPCC, 2000)

Efficiency of combustion 95 g5 (IPCC, 2000)

CH, Emission Factor (ER))( 0 0

N,O emission factor
(kg NO/Gg waste (dry))

400 0 (CDR, Ramboll, 2012)

Table67: Wastewater parameters and conversion factors

Parameters Value Source

Degradable organic component (Bgplogical Oxygen

Demand (BOD)/1000pr/yr) 23,700 Expert judgment

Fraction of degradable organic component removed as

sludge (%) 0 Expert judgment
CH, conversion factor for river discharge (0 to 1) 0.1 Expert judgment
CH conversion factor for septic tank (0 to 1) 0.3 Expert judgment
CH, conversion factor for sea (0 to 1) 0.2 Expert judgment
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Maximum Chlproducing capacity (kg GKg BOD) 0.6 (IPCC, 2007)

EF (kg CH kg BOD) for treatment system - (No treatmentconsidered)
CH recovered or flared (%) 0

Organic content loading kg BOD/1000pr/yr) 23,700

" This was used as the degradable organic component of the wastewater, equivalent to around 65 g of BC
liter of wastewater based othe design of treatment plant® Lebanon.

Table68: Wastewater methane emission factfor commercial and domestic wastewater

Wastewater Fraction of Methane Product Maximum Emission Factor for
Handling Wastewater Conversion Methane Domestic/Commercial
System Treated by the  Factor for the Producing Wastewater
Handling Handling Capacity
System System (kg CHkg BOD) (kg CHkg BOD)
RiverDischarge 0.09 0.1 0.01
Septic Tank 0.28 0.3 0.08
Sea 0.63 0.2 0.13
Aggregate
MCE- 0.22 0.6 0.13

Table69: Wastewater methane emission factor for commercial and domestic wastewater

Wastewater Fraction of Methane Product Maximum Emission Factor for
Handling Wastewater Conversion Methane Domestic/Commercial
System Treated by the  Factor for he Producing Wastewater
Handling Handling Capacity
System System (kg CHkg BOD) (kg CHkg BOD)
River Discharge 0.15 0.1 0.02
Sea 0.85 0.2 0.17
Aggregate
MCE: 0.19 0.6 0.11

Table70: Parameters used for,J® emissions calculation

Parameters Values Source
Food and Agriculture

Per capita protein consumption (protein in kg/person/yr) 25t0 30 Organization (FAQO) reports for
the years 1992007

Fraction of nitrogen in protein (kg nitrogen (N)/kg protein) 0.16 (IPCC, 1997)

Amount of sewage N applied to soils as sewage sludge (kg N/yr) 0

EF (kg DbDO-N/kg sewageN produced) 0.005 (IPCC, 1997)

Results

In 2013, ectivities related to the generation and treatment eblid waste and wastewateemitted

1,826.7Gg C@eq., thus contributing ta¥z 2 F [ Sol y2y Qa (GHlemssiodar® SYA &
mainly generated from solid waste disposal,ON emissions from the discharge of wastewater

effluents into aquatic environments, while ¢@ases are malp emitted from the health care waste
incineration.
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Table71: Greenhouse gas emissiofiem solid waste and wastewatgrer gas in 203

cQ CH N0 Total CQeq.

Gg Gg GgC@g. Gg GgcCeeq. Gg C@eq.
Solid wasté& 0.05 60.91 1,279.14 1,279.14
Wastewater 0.00 19.09 400.97 0.47 146.51 547.47
Total 0.05 80.00 1,680.11 0.47 146.51 1,826.67

*including waste incineration

The results of the inventory show th&HGemissions are highly dependent on emissions from solid
waste generation and management activitiesonstituting more that 8092 ¥ (i K S ei&ions.2 NI
CH is the main greenhouse gas emitted by these activities due to high proportion of waste being
disposed in dumpsitegoupledto low methane recovery ratesAs for the C@ emissionsfrom
incineration they are insignificant compared temissions from other disgal methods since
autoclaving has become the most used method for treatieglth carewaste in LebanonEmissions

of N;O are mainly linked to wastewsr generation and disposal, whether it is discharged in rivers,
sea or septic tanks.

3 Key category analysis

Key category analysis is performed in accordance with GPG 2000 ardUEBGF 2003 guidelines.
Key categories under the guidelines are sectorssehemissions when summed in descending order
of magnitude,add up to 95% of total greenhouggs emissions. 8 categories have been identified as
key in the analysis, with G®eing the main gas and the energy sector being the main key category.
Key categories have remained the same throughout the 19113 period.The results of key
category analysis are shownTiable72.

Table72: Key category analysis for 291

Emissionestimate Level assessmeni Cumulative total

Sector Sourcecategories GHG (Gg Ceeq) (%) %)

Energy _CQ mo_bile combustion: energy ca 7.367.39 28.05% 28.05%
industries

Energy CQ_mobiIe combustion: road ca 5977.51 22 76% 50.80%
vehicles

Energy _CQ em_issions from man_ufacturing e 4,403.84 16.76% 67.57%
industries and construction

Industrial CQ emi_ssions from cement ca 2.539.54 9.67% 77 93%

processes production

Energy Othersectors: commercial GO cQ 2,234.11 8.50% 85.74%

Waste QI—L emissi.ons from solid waste CH 1.279.14 4.87% 90.61%
disposal sites

Energy Other sectors: residential GO CcQ 5,46.20 2.08% 92.69%

Agriculture N,O (direct and indirect) emissions N,O 511.5) 1.95% 94.63%

from agricultural soils

4  Trend analysis

Lebanon has already prepared national GHG inventories as part of national communication and
biennial update report processes and has produced and updated its numbers since 1994. In light of
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new activity data, improved methodologies and revised emissiotofgcthe inventory has gone
through 2 recalculation exerciseane for the Third National Communication (TN&hich resulted in
changes in the transport, agriculture, and waste sectors and one for this second BUR which mainly
affected the results of the aste sectoR & S Y ATAeAGHD \Braiissiorfer the period 19942013
have therefore changed twice, redag emissions by 3% to 5.5% across period, hence modifying
[ S0t y 2y Qaasusudr®rhissibratéjectyr Table 73 and Table 74 present the changes in
emissions caused by recalculations and Annéxprovides additional details on sectoral
recalculations.

Table73: Changes in national emissions after recalculation

Year Emissions Emissions Percent change
reported in TNC reported in
(Gg CQeq.) BURII
(Gg CQeq.)
1994 13,947 13,185 -5.46%
2000 17,062 16,288 -4.54%
2006 18,790 17,890 -4.79%
2011 24,653 23,743 -3.69%
2012 26,333 25,550 -2.97%

Table74: Changes in emissions of the year 1994 after recalculations

Emissions 1994 1994 recalculated 1994 recalculated  Reasons for recalculation

(Gg C@eq.) in BURI in BUR I

Energy 7,743 7,743 7,833 Change fuel type from coking cotd
petroleum coke

Transport 3,991 1,571 1,577 Change from tier 1 to tier 2 methodolog

Addition of GHG emissions frol
domestic aviation

Industrial 1,924 1,924 1,924

processes

Agriculture 1,130 1,037 1,035 Change in activity data

LULUCF 210 210 54 Change from approach 1 to approach

-3,450 -3,450 methodology

Waste 902 1462 762.36 Change in activity datia solid waste and
health care waste quantities
Change in fraction of DOC which actue
degrades

Total 15,900 13,947 13,186

Table75: Trend of emissions during the period 192@13

Total GHG Energy Transport Industry  Agriculture Land Use Waste

emissions  (Gg C@eq.) (Gg (Gg (Gg C&eq.) and (Gg
(Gg C&eq.) CQeq.) CQeq.) Forestry CQeq.)
(Gg
CQeq.)
1994 13,186 7,833 1,577 1,924 1,035 -3,450 762
2013 26,285 14,617 6,158 2,545 987 -3,519 1,827
% change 99% 87% 291% 32% -5% -2% 140%

19942013
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