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Foreword 

 

[ŜōŀƴƻƴΩǎ {ŜŎƻƴŘ .ƛŜƴƴƛŀƭ ¦ǇŘŀǘŜ wŜǇƻǊǘ ό.¦wύ ǘƻ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ CǊŀƳŜǿƻǊƪ /ƻƴǾŜƴǘƛƻƴ ƻƴ 
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 had to face during 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 for efficient 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 Lebanon 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 components, the country 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 working as 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 recommendations 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 
parties in the AŘ IƻŎ ²ƻǊƪƛƴƎ DǊƻǳǇ ƻƴ ǘƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘ ό!t!ύΦ LƴǎǘƛǘǳǘƛƻƴŀƭƭȅΣ [ŜōŀƴƻƴΩǎ {ŜŎƻƴŘ 
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 Determined Contribution (INDC), on the 
design of a climate finance reporting system, and on the establishment of standard procedures for 
preparation and communication of BURs. 
 
Lǘ ƛǎ ǿƛǘƘ ƎǊŜŀǘ ƘƻƴƻǳǊ ŀƴŘ ŜƴǘƘǳǎƛŀǎƳ ǘƘŀǘ L ǇǊŜǎŜƴǘ [ŜōŀƴƻƴΩǎ {ŜŎƻƴŘ .ƛŜƴƴƛŀƭ ¦ǇŘŀǘŜ wŜǇƻǊǘ to 
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.  
 
 

 
 
Tarek El Khatib 
Minister of Environment  
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Executive Summary  

National circumstances 

Lebanon is located on the eastern basin of the Mediterranean Sea with a surface area of 10,452 km2, 
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ Ƴƻǎǘƭȅ Ƴƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎΦ ¢ƘŜ ŎƻǳƴǘǊȅΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ 6,131,254 in 
2013, including foreign workers, Palestinian and Syrian displaced. It is estimated that 858,641 
displaced have settled in Lebanon in 2013, including Syrian nationals, Palestine Refugees from Syria 
and Lebanese returnees. 

[ŜōŀƴƻƴΩǎ ŜŎƻƴƻƳȅ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ŘƛǾŜǊǎƛŦƛŜŘ ǿƛǘƘ ǘǊŀŘŜΣ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŦƛƴŀƴŎŜ 
representing around 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 2006-2010, real GDP growth averaged 7.7% before falling to 1.9% in 2011-2015 as 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 enacts 
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) chaired by the Ministry of Environment 
is the body responsible for providing environmental policy and planning.  

 

Greenhouse gas inventory 

In 2013, Lebanon emitted 26,285 Gg CO2eq. with the most significant greenhouse gas being carbon 
dioxide, primarily produced from the 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%). CO2 removals from the land use, land use change 
and forestry category amounted to 3,518.80 Gg CO2Σ ōǊƛƴƎƛƴƎ [ŜōŀƴƻƴΩǎ ƴŜǘ ŜƳƛǎǎƛƻƴǎ Řƻǿƴ ǘƻ 
22,766 Gg CO2eq. 

 

Figure i: Lebanon's national greenhouse gas inventory by category in 2013 
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Table i: [ŜōŀƴƻƴΩǎ DID ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜƳƻǾŀƭǎ for 2013 per gas and category 

Greenhouse gas source and 
sink categories  

CO2 
emissions 

CO2 
removals 

CH4 CH4 N2O N2O Total 

Gg Gg Gg Gg 
CO2eq. 

Gg Gg 
CO2eq. 

Gg 
CO2eq. 

Total national emissions and 
removals 

23,246.21 -3,518.80 96.68 2,030.36 3.25 1,008.53 26,284.69 

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 and 
construction  

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 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 
and sulphur 

      NO 

Consumption of halocarbons 
and sulphur 

      NE 

Other  NO  NO  NO  NO 

3 Solvent and other product 
use 

NE    NE  NE 

4 Agriculture   14.55 305.55 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 
residues 

  NO NO NO NO NO 

Other    NO NO NO NO NO 

5 Land use, land use change 
and forestry 

149.67 -3,518.80 0.01 0.23 0.0001 0.04 149.95 

Changes in forest and other 
woody biomass stocks 

       

Forest and grassland 
conversion 

       

Abandonment of managed 
lands 

       

CO2 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 ς NE: not estimated ς NO: not occurring 
Numbers may reflect rounding. 

 

 
 
Indirect greenhouse gases such as carbon monoxide (CO), nitrogen oxides (NOx) non-methane 
organic volatile compounds (NMVOCs) and sulphur dioxide which have indirect impacts on climate 
and alter the atmospheric lifetimes of other greenhouse gases have also been estimated. In Lebanon, 
the transport sector is the major source of indirect greenhouses, being responsible for 61% of NOx 
emissions, 99% of CO emissions and 65% of NMVOCs. Fuel combustion for energy production is the 
main emitter of SO2 with 94% of emissions, mainly caused by the sulphur content in burnt fuel. As for 
industrial processes, they mainly emit NMVOCs, being responsible for 34% of these emissions.  
 

 
 

Figure ii: Indirect GHG emissions and SO2 emissions in 2013 

[ŜōŀƴƻƴΩǎ DID ŜƳƛǎǎƛƻƴǎ ŀǊŜ increasing at an average rate of 3.4% every year, which lead to a 

doubling of emissions since 1994.  The trend of increase in total GHG emissions closely follows the 

trend of emissions from the energy sector, which constituted 53% to 59% of total emissions during 

this period. This significant growth in emissions reflects the growing demand for electricity, due in 

part to the changing socio-economic conditions and to the expansion of the national grid. The 2 

detectable drops in 2007 and 2010 and the significant increase 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 that 

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 sector with emissions 
increasing by a factor of 3.9 reaching 6.1 million tonnes CO2eq. 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 a factor of 2.4 from 

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 showing a decrease in emissions with a reduction of -5% 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 constituting important 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 CO2 emissions.  

 

Figure iii: Trend of GHG emissions 1994-2013 
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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 circumstances. Mitigation 
measures are mainly achieved in the power and forestry sectors. 

In 2013, mitigation measures implemented in the energy sector contributed in reducing emissions by 

513,063 tonnes CO2eq., with the expansion of the solar water heaters and the replacement of 

incandescent lamps inducing the most significant emission reductions. 

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 Conservation and Jouzour Loubnan. In 2013, the total 

amount of GHG emissions that has been removed from mitigation actions in this sector to 18.996 Gg 

CO2eq. in 2013. 

 

[ŜōŀƴƻƴΩǎ ǘǊŀƴǎǇŀǊŜƴŎȅ ŦǊŀƳŜǿƻǊƪΣ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŀǊǊŀƴƎŜƳŜƴǘǎ ŀƴŘ aw± ǎȅǎǘŜƳ 

As part of enhancing [ŜōŀƴƻƴΩǎ ǊŜŀŘƛƴŜǎǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ǘƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘΩǎ ŀǊǘƛŎƭŜ мо ƻƴ 
transparency, several initiatives are being undertaken: 

- Minister of Environment decision 99/1 which provides an incentive to the private sector to 
report on a voluntary basis their GHG emissions 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 Ministries 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 to acquire their business licenses. 

- Cooperation between Ministries of Environment 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 initiative, which aims to engage the private sector and non-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. 

- Transparency law, which give access to information law to the public and which prescribes 
that all government entities publish online key documents showing performance indicators. 
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 System for Climate Action (MISCA), which is an online 
ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳ ǘƘŀǘ ǘǊŀŎƪǎ ǇǊƻƎǊŜǎǎ ƻŦ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ǘŀǊƎŜǘ ƻŦ [ŜōŀƴƻƴΩǎ 
Nationally Determined Contribution. The Ministry of Environment aims at expanding the 
MISCA initiative to include other ministries. This would be an important move towards 
ŜƴƘŀƴŎƛƴƎ [ŜōŀƴƻƴΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴŎȅΦ 

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 needs, including 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 establishment of the MRV Coordinating Entity 
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 challenges relate to the preparation of national inventories. They include but are 
not limited to the centralization of data management, the development of measurement campaigns 
ǘƻ ōŜǘǘŜǊ ŎƘŀǊŀŎǘŜǊƛȊŜ [ŜōŀƴƻƴΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ŀƴŘ ǾŜƘƛŎƭŜ ŦƭŜŜǘΣ ƻǊ ŜǾŜƴ ǘƘŜ ǳƴŘŜǊǘŀƪƛng of an 
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 data, weak 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 received 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 
capacity-building and technology transfer) and their respective financing and linkages to NDC 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 been approved 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 of Lebanon in capacity building events related to climate change since the 
submission of the first BUR. 
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I. National circumstances  

 Government structure 1

[ŜōŀƴƻƴΩǎ ƭŜƎƛǎƭŀǘƛǾŜ ōƻŘȅΣ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ [ŜōŀƴŜǎŜ tŀǊƭƛŀƳŜƴǘ όмну ǎŜŀǘǎύΣ is organized into 
specialized committees, among which the Committee for Environment. The Environmental 
Protection Law (law no. 444/2002) is the overarching legal instrument for environmental protection 
and management in Lebanon.  

The Ministry of Environment is 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 non-public entities (Order of Physicians, Order of Engineers and 
Architects, The Bar Association, Association of Banks, Association of Insurance Companies, 
representative of Non-Governmental Organizations (NGOs), representative of the academic sector). 
The NCE is mandated to approve environmental policies and strategies and integrate environmental 
concept, including climate change issues, into national development plans.  

Work on climate change in Lebanon is mandated by virtue of law 359/1994 and law 738/2006 
relating to the ratification of the United Nations Framework Convention on Climate Change 
(UNFCCC) and the Kyoto Protocol (KP) respectively. The Paris Agreement was signed by the Lebanese 
Prime Minister in April 2016 and the draft ratification law is awaiting approval by the Lebanese 
Parliament after having been approved by the relevant parliamentarian committees.  Under the Paris 
Agreement, Lebanon submitted its Nationally Determined Contribution (NDC) under which the 
country has set a 2030 target of reducing its GHG emissions by 15% as an unconditional target and by 
30% conditional to financial, technical and capacity building support. 

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 (law 341/2001), the reduction of energy import by developing local energy including 
renewable energies (Council of Ministers, decision no. 13/2004), energy efficiency standards and 
labels, tax incentives on green products as well as large scale renewable energy industries  (decree 
167 under Law 444) and other decisions relating to the ratification of conventions such as the United 
Nations (UN) Convention on Biodiversity or the UN Convention to Combat Desertification.  

Table 1: [ŜōŀƴƻƴΩǎ LƴǘŜƴŘŜŘ bŀǘƛƻƴŀƭƭȅ 5ŜǘŜǊƳƛƴŜŘ /ƻƴǘǊƛōǳǘƛƻƴ  

Targets  Unconditional Target by 2030 Conditional Target by 2030 

National  15% reduction of greenhouse gas emissions  30% reduction of greenhouse gas emissions 

Energy  Refurbishment, replacement and extension of conventional power generation capacities and fuel 
switch to natural gas  

15%increase in the share of renewables in 
meeting the power and het demand  
3% reduction in power demand through energy 
efficiency measures  

20%increase in the share of renewables in 
meeting the power and het demand  
10% reduction in power demand through 
energy efficiency measures  

Transport  36% stabilization of the share of annual 
passengers-kilometres driven using public 
transport  

48% stabilization of the share of annual 
passengers-kilometres driven using public 
transport  
20% increase in the share of fuel efficient 
vehicles in the fleet by 2030 

Waste waste management through energy recovery, equivalent to avoiding emissions from landfilling of 1,000 
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  
 

 Population profile  2

LebaƴƻƴΩǎ ǇƻǇǳƭŀǘƛƻƴ is estimated to be 6,131,254 in 2013, including foreign workers, Palestinian 
and Syrian displaced. [ŜōŀƴƻƴΩǎ population profile has changed drastically between 2012 and 2013 
due to the increasing influx of Syrian displaced entering the country, dispersing themselves across 
more than 1,200 villages in Lebanon. In 2013, it is estimated that 858,641 displaced have settled in 
Lebanon, including Syrian nationals, Palestine Refugees from Syria and Lebanese returnees (UNHCR, 
2013). Although most of the displaced Syrians are living in rented accommodations or hosted within 
Lebanese communities, 4,231 informal settlements have spread across the country, mainly in the 
Bekaa and the North Regions. The large influx of displaced has constituted a heavy burden on already 
fragile environmental resources and has directly impacted energy demand and consumption, solid 
waste and wastewater generation and management, air quality, food consumption and land use 
(MoE/EU/UNDP, 2014). 

 Geographic profile 3

Lebanon is located on the eastern basin of the Mediterranean Sea and is characterized by mostly 
mountainous areas constituted of the 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 chain has 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 chain - subdivided into two massives: Talaat Moussa (2,629 m) in the 
north and Jabal el Sheikh or the Mount Hermon (2,814 m) in the south. 

- The Bekaa valley - 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.  

 

 

 

 

 

  

Figure 1: Geographical location of Lebanon 
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 Climate profile 4

Lebanon has a Mediterranean-type climate characterized by hot and dry summers (June to 
September) and cool and rainy winters (December to mid-March). Spring and autumn are warm and 
pleasant. ¢ƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ мрɕ/Φ 

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 range is narrower than it is inland. January is 
the coldest month, with temperatures around 5 to 10°C. The mean annual rainfall on the coast 
ranges between 700 and 1,000 mm (Asmar, 2011). About 70% of the average rainfall in the country 
falls between November and March and is concentrated during only a few days of the rainy season, 
falling in heavy cloudbursts or violent storms. Rainfall in inland Lebanon is higher with snow in the 
mountains (1,600 mm according to Asmar, 2011) than that along the coast. 

 Economic profile 5

[ŜōŀƴƻƴΩǎ ŜŎƻƴƻƳȅ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ŘƛǾŜǊǎƛŦƛŜŘΣ ǿƛǘƘ ŦƻǳǊ ǎŜŎǘƻǊǎ ς trade, manufacturing, construction 
and finance ς representing around 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 2006-2010, real GDP growth averaged 7.7% before falling to 1.9% in 2011-2015 as 
a result of geopolitical developments.  

[ŜōŀƴƻƴΩǎ ŜŎƻƴƻƳȅ ǎǳŦŦŜǊǎ ŦǊƻƳ ŀ ƴǳƳōŜǊ ƻŦ ǎǘǊǳŎǘǳǊŀƭ ǿŜŀƪƴŜǎǎes, including weak basic 
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, the gƻǾŜǊƴƳŜƴǘΩǎ ŎŀǇƛǘŀƭ ŜȄǇŜƴŘƛǘǳǊŜ ƛǎ ǾŜǊȅ ƭƻǿ ōŜŎŀǳǎŜ ƛǘ ƛǎ 
crowded out by large and rising debt-servicing and wage expenditures. The economy continues to 
face heavy shortages of electricity because of the lack of investment in new capacity and an 
inefficient energy subsidy system.  

 Energy  6

In Lebanon, electricity is generated from thermal and hydroelectric power plants, with a rate of 91% 
and 9% respectively in 2013 (MoEW, 2016a) (hydropower averaged at 6.54% from 2009 to 2015). 
!ƭƳƻǎǘ ŀƭƭ ƻŦ [ŜōŀƴƻƴΩǎ ǇǊƛƳŀry energy requirements are imported, 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 Lebanon although 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 hydrocarbon 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, technical loǎǎŜǎ ŀƴŘ ǘƘŜ ŀƎƛƴƎ ƻŦ ǇƻǿŜǊ ǇƭŀƴǘǎΣ [ŜōŀƴƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ 
suffers from frequent shortages from the difference between supply and demand. In 2013, Electricité 
du Liban has supplied 11,728 GWh of electricity while the demand was estimated at 19,876 GWh, 
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 buildings and small retailers at a monthly fixed 
subscription fee.  

To overcome the problems faced by the energy sector, the Ministry of Energy and Water (MoEW) 
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 Energy Efficiency Action Plans NEEAP (for 
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2011-2015 and 2016-2020) in addition to the National Renewable Energy Action Plan NREAP for 
2016-2020 setting up a series of activities to implement the targets set by the Policy Paper 
(MoEW/LCEC, 2011; MoEW/LCEC, 2016a; MoEW/LCEC, 2016b). 

In 2015, and ŀǎ ǇŀǊǘ ƻŦ [ŜōŀƴƻƴΩǎ bŀǘƛƻƴŀƭƭȅ 5ŜǘŜǊƳƛƴŜŘ /ƻƴǘǊƛōǳǘƛƻƴ (NDC), sectoral targets for 
2020 were set for the energy sector: 15% renewable energy and 3% reduction in demand from 
energy efficiency as an unconditionally target and 20% renewable energy with 10% reduction 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 between 6% 
and 11҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴ depending on the precipitation levels in each year. 
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 of micro-hydro potential on small streams and non-river sources.  

Lebanon has an abundant solar resource with high solar irradiance levels, providing a net feasible 
potential energy production of 6,780 GWh/year. Photovoltaic (PV) power systems are currently being 
used in Lebanon mostly at the micro level and for specific applications like street lighting, small 
decentralised residential installations and other municipal use. In 2013, a 1 MW grid connected PV 
farm has been installed over Beirut River as part of the 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, local municipalities 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) projects managed by the United Nations 
Development Programme (UNDP) (MoEW/LCEC; 2016b).  

Solar water heating technology is already a mature technology in Lebanon and its market is 
witnessing a steady growth. In 2013 around 400,000 m2 of solar water heaters were installed in the 
country, exceeding the 190,000 m2 target set initially by the first NEEAP 2011-2015 (MoEW/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/LCEC, 2016b). The licensing of 3 farms with 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 the Electricité du Liban to boost the development of distributed renewable energy 
generation. A number of private consumers are benefiting from the net metering contract. In 
addition, a financing mechanism known as National Energy Efficiency and Renewable Energy Action 
(NEEREA) has been established by the Central 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 from a USD 15 million grant 
from the European Union in its start-up phase of 2011-2014 and has helped to fund more than 225 
projects with a total amount of loans of USD 240 Million by mid-2015 (MoEW/LCEC, 2016a). 

 Transport 7

Land transport in Lebanon consists mainly of road-motorized vehicles, since appropriate 
infrastructure for non-motorized vehicles does not exist (i.e. bicycle lanes, safe storage, and 
convenient and affordable bike rentals) and the entire rail network is currently derelict. Road-
motorized vehicles rely mainly on personal-owned passenger cars. The 2013 vehicle fleet database 
shows a total of 1.64 million registered vehicles, mainly constituted of passenger cars. 
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Figure 2: The 2013 vehicle fleet distribution  
 

Mass transport consists of public and private buses, mini-vans as well as exclusive and shared-ride 
taxis, all operating on an ad-hoc basis without any coordination, resulting in very poor occupancy 
rates (MoE/URC/GEF, 2012). The mass transport market share in Lebanon is weak 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 and affordable 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 than 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 stop-and-go driving patterns, therefore resulting in the inefficient operation of 
internal combustion engines, and a high rate of fuel consumption and pollutant emissions as a result. 

The main road transport legislations are law 341 (6/08/2001) and decree no. 7858/2002, banning the 
use of private and public cars of diesel engines starting from 15/06/2002, and the use of public buses 
of 16 to 24 passengers of diesel engines starting from 31/10/2002. In 2014, 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 activities, Middle East Airlines is the national air carrier of Lebanon and Beirut 
International Airport is the only operational commercial airport in the country. [Ŝōŀƴƻƴ ŘƻŜǎƴΩǘ ƘŀǾŜ 
any scheduled domestic flights due to the small surface area of the country.  

As for maritime activities, Lebanon has five legal harbors:  Beirut, Tripoli, Saida, Tyre and Jounieh. 
The port 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 ships and oil 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 container and 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 (EastMed, 2012). The fleet is old 
(e.g. average age of 17 years at the port of Tyre) and spread over 44 local harbors, most of which 
requiring major infrastructure maintenance intervention. 

 Industry 8

The industrial sector in Lebanon remains an important pillar of the economy contributing to roughly 
тΦн҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ D5t ƛƴ нлмм ŀƭǘƘƻǳƎƘ ǘƘƛǎ Ǌate was much higher in the nineties (e.g., estimated 
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at 12.5% in 1997). The Lebanese industrial establishments are considered as new industries, with 
61.7% established between 1990 and 2007 (MoI/ALI/UNIDO, 2010). 
 
According to the Ministry of Industry (MoI) latest census, conducted in 2007 and published in 2010, 
the total industrial output for 4,033 industrial establishments (establishments employing more than 
5 workers) reached 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 significant increase 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 
(MoI/ALI/UNIDO, 2010). The industrial census has not been updated since 2007. 
 
The key industrial sectors in Lebanon are food products and beverages, fabricated metal products 
and other non-metallic mineral products. These constitute 50% of the economic activity of the 
industries in the country. Other sectors include the chemical sector, furniture manufacturing and 
electrical machinery manufacturing (Figure 3) (MoI/ALI/UNIDO, 2010). 
 
 
 

 

Figure 3: Distribution of industrial establishments by economic activity in 2007 in Lebanon 

 
The industrial sector hosts large units in rural 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. 
 
According to the MoI, around 75% of the industries were mostly established prior to the enactment 
ƻŦ ǘƘŜ ŘŜŎǊŜŜ улмуκнллн άtŜǊƳƛǘǘƛƴƎ ƻŦ 9ǎǘŀōƭƛǎƘƳŜƴǘǎέΦ ¢Ƙƛǎ ƛǎǎǳŜ Ƙŀǎ ƳŀƧƻǊ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻƴ ǘƘŜ 
alignment of industrial enterprises with recent permitting systems, including the environmental 
management re quirements (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 (202/1, 203/1 & 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. 

 Waste and wastewater 9

Solid waste management  

Throughout the last 20 years, solid waste management in Lebanon has witnessed significant 
technical, legal and institutional changes, in an attempt to organize the sector. However, to date, no 
clear well-defined strategy has been agreed in the country. National consensus has not been reached 
yet on a specific solid waste management strategy despite the various attempts and efforts put in 
place throughout the years, especially after the waste crisis the country is witnessing since July 2015, 
after the closure of the main landfill of the country.   

Municipal Solid 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. Hazardous 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, by definition, difficult to quantify. Informal and 
semi-formal private sector entities, which collect recyclable materials from municipalities, treatment 
facilities or directly from consumers, have created a market for recycling, providing livelihood for 
thousands of people. Although, the extent of this recycling activity varies according to market 
conditions, the draft Law on integrated solid waste management clearly aims at reducing the 
quantity of wastes to be disposed by promoting waste minimization, source separation, recycling and 
energy recovery (Sweepnet, 2014). 
 

There are 4 main landfills in Lebanon that have been receiving since 1998 around 55% of the total 
generated solid waste in Lebanon. Waste sorting in dedicated facilities precede most of the 
landfilling activities. 
 
The Naameh Landfill was established in 1997 as part of the emergency plan for solid waste 
management for the GBA and receives the majority of the waste generated in Lebanon. The Landfill 
received around 2,500 tonnes per day and is complemented by 2 sorting facilities and 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 waste, the 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 Bekaa valley and was designed and built to receive 150 
tonnes per day, serving 18 out of 33 municipalities in the Caza of Zahle. The landfill is complemented 
by a sorting facility since 2008 but no composting activities are taking place. Around 160 tonnes of 
MSW are landfilled per day. Methane generation is insignificant and is flared. 
 
The Tripoli controlled dumpsite 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 inhabitants. The managed 
dumpsite, which receives around 380 tonnes of waste, is annexed by a sorting facility however not 
operational yet.  
 
The Saida waste facility and landfill has been operational since 2013 to treat the MSW generated by 
the city of Saida and its surrounding areas. The facility includes a sorting facility and anaerobic 
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digestion plant with a treatment capacity of 300 tons/day. Currently around 200 tonnes are landfilled 
per day and 1.6 megawatts are being produced for internal use.  
 
A number of small and medium sized sorting and composting facilities have also been implemented 
at a municipal level with treatment capacity ranging from 5 to 250 tonnes/day. Funding has been 
secured through European Commission grants, United States Agency for International Development 
(USAID), as well as some Non-Governmental Organizations (NGOs) like ǘƘŜ ¸ƻǳƴƎ aŜƴΩǎ /ƘǊƛǎǘƛŀƴ 
Association, Pontifical Mission, and Creative Associates International Inc. The execution of the 
facilities has been undertaken by the private sector, contracted through the concerned municipalities 
while the operation of these facilities is carried out by the municipalities themselves. However, the 
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 efficient solid waste 
management. 

Table 2: OMSAR-implemented MSW Treatment Facilities (outside GBA and Mount Lebanon) 

MSW treatment and disposal facility
1
 

Treatment / design 
capacity (t/d)

2
 

Status 

Hbaline (Jbeil) Sorting and Composting Facility 100 

Operational 
(based on 
management 
contract) 

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 Tyre / Ain Baal (South Leb.) Sorting and 
Composting Facility 

150 

Ansar / Nabatieh (South Leb.) Sorting and Composting Facility 10 

Union of Municipalities of Minieh (Akkar) Sorting and Composting 
Facility 

70 

Michmich (Akkar) Sorting and Composting Facility 10 

Union of Municipalities of Baalbeck-Hermel Sorting and Composting 
Facility 

200 

Tripoli (Union of Municipalities of Al Fayhaa) Sorting Facility  420 Constructed 
and non-
operational 
(awaiting 
management 
contract) 

ChoufSwaijani ς Kahlouneyye (Chouf) Sorting and Composting Facility 30 

Union of Municipalities of Nabatieh ς Chquif (Kfour) Sorting and 
Composting Facility 

250 

Taibeh (Nabatieh) ς Sorting and Composting 10 

Operational  

Qlaiaa (Nabatieh) ς Sorting and Composting 5.0 

Kfarsir (Nabatieh) ς Sorting  7.5 

Aitaroun (Bent Jbeil) ς Sorting and Composting 15.0 

Chaqra (Bent Jbeil) ς Sorting and Composting 5.0 

Bent Jbeil (Bent Jbeil) ς Sorting and Composting 20.0 

1 Composting capacities of the facilities are estimated to be approximately 50% of their respective sorting capacities 

2 Capacities for operational facilities indicate the treatment capacities. Capacities for under-construction and constructed ς 
non-operational facilities indicate the initial design capacity. 

Source| Sweepnet, 2014; MoE/UNDP/ECODIT, 2011 
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Open dumping and open burning of MSW are still practiced in Lebanon. Around 670 dumpsites have 
been reported in 2010 (MoE/UNDP/ELARD, 2011), out of which 504 are MSW dumpsites and the rest 
is construction and demolition dumpsites. Industrial solid waste is still dumped with MSW since no 
industrial waste treatment facilities exist in the country. 
 
Incineration of MSW is not practiced in Lebanon. Only a small quantity of health care waste is being 
incinerated by hospitals. 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 waste incinerators has been 
issued after 2004, some hospitals are still using this practice. It is estimated that in 2013, 57 tonnes 
of health care waste have been incinerated. In addition, an incinerator at a university animal care 
facility has been incinerating an estimated 37 tonnes/year of animal carcasses since 2004 
(MoE/UNEP/GEF, 2017). 
 
Wastewater generation and management  

Lebanon generates around 248 million m3 of wastewater per year, most of which is discharged 
without prior treatment. Although 66% of households are estimated to be connected to a 
wastewater network, only 8% of wastewater is being currently treated in small scale rural waste 
water treatment plants (MoEW, 2010a; World Bank, 2011).  
 
Wastewater is discharged directly in the sea and surface water bodies, in open sewers or in septic 
tanks that are still widely adopted in rural areas. Coastal waters receive more than 60% of the total 
sewage load of Lebanon, from at 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 the Ministry of Energy and Water (MoEW) developed the 
National Water Sector Strategy in 2012, which aims at increasing the wastewater collection, 
treatment and reuse rates by 2020. Due to the regulatory, institutional and financial barriers, the 
implementation of the plan is being delayed. 
 
Some wastewater treatment plants were built in recent years through grants and/or loans, however 
only few of them are efficiently operating due to lack of financing of operation and maintenance 
services and lack of technical capabilities of the municipalities or water establishments to ensure 
proper wastewater treatment.  
  
The heavy-flow influx of Syrian displaced to the Lebanese territories since the Syrian conflict has also 
had its implications on solid waste and wastewater generation and management. It has been 
estimated that the incremental annual waste generated by displaced is equivalent to 15.7% of the 
solid waste generated by Lebanese citizens prior to the crisis. In addition, national wastewater 
generation rates have increased between 8 and 14% with the Bekaa having the highest share of 
displaced population. Most of this incremental wastewater is being discharged of without treatment 
in the Litani River and 10% into open lands (MoE/EU/UNDP, 2014).  

 Agriculture 10

Agriculture is a vital part of the Lebanese economy and its social and cultural heritage. Even though 
ǘƘŜ ǎŜŎǘƻǊΩǎ ǎƘŀǊŜ ƻŦ ǘƘŜ D5tΣ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ όп҈ ƛƴ нлммύΣ ŀƎǊƛŎǳƭǘǳǊŜ ŜƳǇƭƻȅǎ нл-30% of the active 
work force and constitutes 17% of 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 income-
ŜŀǊƴƛƴƎ ŀƴŘ ŜƳǇƭƻȅƳŜƴǘ ƻǇǇƻǊǘǳƴƛǘȅ ό±ŜǊƴŜǊ Ŝǘ ŀƭΦΤ нлмоύΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ [ŜōŀƴƻƴΩǎ ƴŜƛƎƘōƻǊǎΣ 
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 
όC!hΣ нлммŀύΦ /ƻƳǇŀǊŜŘ ǘƻ мфтл ǿƘŜƴ ŀƎǊƛŎǳƭǘǳǊŜΩǎ ǎƘŀǊŜ of the GDP reached 9% agricultural 
contribution to the GDP has been steadily decreasing. There are many reasons for this decline 
including the post-war economic crisis, urban encroachment that changed the rural landscape of the 
country, government economic policies favoring other sectors, emigration of young generation of 
farmers and the switch from farming to higher-paid jobs, and climate change with its concomitant 
effect on crops, pastures, and water resources. 
 
According to FAOSTAT (FAO, 2011a) the total agricultural area is estimated at 638,000 ha (62% of 
total surface area). As indicated in Figure 4, pastures and meadows constitute approximately 39% of 
the total area, permanent crops 12%, arable land 11%, and forests 13% of the total surface area of 
Lebanon. 

 
Figure 4: Agricultural land use in Lebanon (% of total agriculture area) 
 
Source| Adapted from FAOSTAT, 2011a 

 
According 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 crops (grains, vegetables, 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).  
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Figure 5: Agricultural production in Lebanon  
 
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 through drip and 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: Once regarŘŜŘ ŀǎ ǘƘŜ ΨōǊŜŀŘ ōŀǎƪŜǘ ƻŦ ǘƘŜ wƻƳŀƴ 9ƳǇƛǊŜέΣ ǘƘŜ .Ŝƪŀŀ ǾŀƭƭŜȅ ƛǎ ǘƘŜ 

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 also contains 
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, cereals, vegetables, 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 vegetable greenhouse production, citrus fruits, and 
bananas. 
 
Crop production 

[ŜōŀƴƻƴΩǎ Ƴŀƛƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ŀǊŜ ŦǊǳƛǘǎΣ ǾŜƎŜǘŀōƭŜǎΣ ƻƭƛǾŜǎΣ ŎŜǊŜŀƭǎΣ ǘǳōŜǊǎΣ ŀƴŘ ƭŜƎǳƳŜ ŎǊƻǇǎΦ 
Pressure on the land base has led to a decline in cereal production in favor of high-value crops such 
as vegetables. Lebanon is self-sufficient in fruits and 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. Most of the barley grown in the arid parts of Bekaa 
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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 
production by 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 remained 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, vulnerable to open 
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 companies. The 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 tonnes N). However, 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 Nitrogen-Phosphorus-Potassium (NPK) fertilizer, (17-17-17; and 15-15-15, and 
other combinations), Ammonium Sulphate, Ammonium Nitrate and Urea. Application rates of 
nitrogen fertilizers far exceed the recommended agronomic rates (Al-Hassan, 2011). For example, 
potato growers apply on average 590 kg N/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 secondaǊȅ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ŎǊƻǇ ǇǊƻŘǳŎǘƛƻƴΣ [ŜōŀƴƻƴΩǎ 
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 closed 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 small-sized holdings (FAO, 
2011b). Beef production is limited and imported live animals (in addition 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 competition from imported meat from Australia, Turkey and Syria. In 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 1994 due to a shift 
in consumer preferences towards poultry, mutton and beef, and due to fear from the swine flu.  

 Land use, land use change and forestry 11

In Lebanon, the 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 highways in mountain areas has 
also affected landforms, vegetation cover, and ecosystems. 
 
Several initiatives have been conducted to document and map land cover attributes in Lebanon. 
Accordingly, the first land cover map was produced in 1961 by the Lebanese army in partnership with 
ǘƘŜ CǊŜƴŎƘ άLƴǎǘƛǘǳǘ DéƻƎǊŀǇƘƛǉǳŜ bŀǘƛƻƴŀƭέΦ Later in 2002, a land use/ land cover map of Lebanon 
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was produced by the Ministry of Environment in cooperation with the National Center for Remote 
Sensing of the National Council for Scientific Research (NCSR) which 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 subcategories. The NCSR is currently aiming at completing the Land 
Cover / Land Use map using remote sensing data acquired in 2013.  
 
National forest resources assessments for Lebanon were conducted in 2005, 2010 and 2015 by the 
Ministry of Agriculture with the assistance of the Food and Agriculture Organization. The latest 
results showed that forests cover 13.2% of the total area of the country. In addition, 10.2% of the 
Lebanese territory is covered by other wooded land (MoA/FAO, 2015).  
 
IncreasinglyΣ [ŜōŀƴƻƴΩǎ ŦƻǊŜǎǘǎΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ǾŀƭǳŀōƭŜ ōǊƻŀŘ-leaved trees, conifer forests and 
evergreen trees that cover the mountains in patches, are exposed to degradation due to quarries, 
urbanization, pests and diseases, fires, wars, human neglect, improper management, outdated laws, 
and poor law enforcement. Like other Euro-Mediterranean countries, fires have been especially 
ŘŀƳŀƎƛƴƎ [ŜōŀƴƻƴΩǎ ŦƻǊŜǎǘǎ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŜƭŜƳŜƴǘǎ ǘƘŀǘ 
ŘŜǎǘǊƻȅ [ŜōŀƴƻƴΩǎ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΦ aƻǊŜƻver, the absence of a national forest management 
ǎǘǊŀǘŜƎȅ ŀƴŘ ǘƘŜ ƭŀŎƪ ƻŦ ƘǳƳŀƴ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ǊŜǎƻǳǊŎŜǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ [ŜōŀƴƻƴΩǎ 
forests. 
 
Overall, the lack of land management in Lebanon is the cause for the over-exploitation and 
degradation 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 that change land cover and land use. It is estimated that there are about 1,278 quarries 
in Lebanon covering an area of 5,267 ha (MoE, 2012). Most recently, an indicative research study 
conducted showed that the largest area of artificialization on the coastal zone of Lebanon between 
1998 and 2010 affected grasslands followed by forests and agricultural lands, consecutively 
(MoE/UNEP, 2013). Furthermore, it was found that wetlands decreased by 47%, grassland by 27%, 
and forests by 9%. Further investigation showed that most of artificialization in grassland affected 
moderately to highly dense vegetation, while most of the artificialization in forested lands affected 
shrublands.  
 
In an attempt to tackle deforestation and to preserve what is left of natural areas, Lebanon has 
created until the year 2015, a total of 15 nature reserves, 3 biosphere reserves, 16 protected forests, 
18 protected natural sites/landscapes, 4 Ramsar sites, 5 world heritage sites, and 15 important bird 
areas (MoE/UNDP/ECODIT, 2011). The MoA developed a National Forest Plan (NFP) and pursue 
ŜŦŦƻǊǘǎ ǘƻ ǳǇŘŀǘŜ [ŜōŀƴƻƴΩǎ ŦƻǊŜǎǘ ƭŀǿ ǘƻ ǇǊƻǘŜŎǘ ōŜǘǘŜǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘ ŎƻǾŜǊ ŀƴŘ ǇǊƻƳƻǘŜ ǘƘŜ 
increase in forest cover by 40 million trees by 2020. MoE has been involved in developing a forest fire 
ƭŀǿ ŎƻƳǇƭŜƳŜƴǘƛƴƎ [ŜōŀƴƻƴΩǎ bŀǘƛƻƴŀƭ ǎtrategy for forest fire management. 
 
Lƴ ŀŘŘƛǘƛƻƴΣ ŀ ƴǳƳōŜǊ ƻŦ ǇǊƻƧŜŎǘǎ ǎǳŎƘ ŀǎ ǘƘŜ D9C ŦǳƴŘŜŘ ά{ƳŀǊǘ !ŘŀǇǘŀǘƛƻƴ ƻŦ CƻǊŜǎǘ [ŀƴŘǎŎŀǇŜǎ ƛƴ 
aƻǳƴǘŀƛƴ !ǊŜŀǎέ ǇǊƻƧŜŎǘ ŀƴŘ ǘƘŜ ŀŘŀǇǘŀǘƛƻƴ ŦǳƴŘ ά/ƭƛƳŀǘŜ {ƳŀǊǘ !ƎǊƛŎǳƭǘǳǊŜΥ 9ƴƘŀƴŎƛƴƎ !ŘŀǇǘƛǾŜ 
/ŀǇŀŎƛǘȅ ƻŦ ǘƘŜ wǳǊŀƭ /ƻƳƳǳƴƛǘƛŜǎ ƛƴ [Ŝōŀƴƻƴέ ǇǊƻƧŜŎǘ ŀǊŜ ŀƛƳƛng at increasing forest areas in 
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 Syrian displaced has also had impacts on land resources through the expansion of 
Informal Tented Settlement (ITS) and their distribution in relation to agricultural areas, 
environmentally sensitive areas and vulnerable towns. 
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II. The national GHG inventory in 2013 

The inventory of greenhouse gas emissions in this report covers the year 2013, with a recalculated time series 
for 1994-2013. The inventory was prepared based on IPCC Guidelines and Guidance used for the Inventory 
preparation, the 1996 IPCC Revised Guidelines and elements from the IPCC Good Practice Guidances 2000 and 
2003 (IPCC GPG 2000 and IPCC GPG-LULUCF 2003) in line with Decisions 17/CP.8 and 2/CP.17. Emissions of 
Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide (N2O) were estimated. The UNFCCC Non-Annex I 
greenhouse gas inventory system, version 1.3.2. was used for the computation exercise. 
 
In 2013, Lebanon emitted 26,285 Gg CO2eq. with the most significant greenhouse gas being carbon dioxide, 
primarily produced from the 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%). CO2 removals from the land use, land use change and forestry category amounted to 
3,518.80 Gg CO2Σ ōǊƛƴƎƛƴƎ [ŜōŀƴƻƴΩǎ ƴŜǘ ŜƳƛǎǎƛƻƴǎ down to 22,766 Gg CO2eq.  
 

 

Figure 6: Lebanon's national greenhouse gas inventory by category in 2013 
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Figure 7: Lebanon's national greenhouse gas inventory by gas in 2013 
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Table 3: LebanonΩs GHG emissions and removals for 2013 per gas and category 

Greenhouse gas source and sink 
categories  

CO2 
emissions 

CO2 
removals 

CH4 CH4 N2O N2O Total 

Gg Gg Gg Gg 
CO2eq. 

Gg Gg 
CO2eq. 

Gg 
CO2eq. 

Total national emissions and 
removals 

23,246.21 -3,518.80 96.68 2,030.36 3.25 1,008.53 26,284.69 

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 and 
construction  

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 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 and 
sulphur 

      NO 

Consumption of halocarbons and 
sulphur 

      NE 

Other  NO  NO  NO  NO 

3 Solvent and other product use NE    NE  NE 

4 Agriculture   14.55 305.55 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 residues   NO NO NO NO NO 

Other    NO NO NO NO NO 

5 Land use, land use change and 
forestry 

149.67 -3,518.80 0.01 0.23 0.0001 0.04 149.95 

Changes in forest and other woody 
biomass stocks 

       

Forest and grassland conversion        

Abandonment of managed lands        

CO2 emissions and removals from 
soil 

       

6 Waste 0.05  80.00 1,680.11 0.47 146.51 1,826.67 

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 ς NE: not estimated ς NO: not occurring 
Numbers may reflect rounding. 
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To estimate the GHG emissions, tier 1 methods from the IPCC guidelines were mostly applied with default 
emission parameters, with activity data being derived from national sources, international organizations and 
other literature as identified in each sector (Table 4). Proxy data, interpolations, extrapolations and 
estimations based on expert judgments were used in the cases where data was unavailable.  
 
Tier 2 methods were used to estimate emissions from cement manufacturing, road transport while approach 3 
was adopted for the representation of land use areas in some subcategories of Land Use, Land Use Change and 
Forestry (LULUCF).  
 
In order to allow the aggregation and total overview of national emissions, emission of CH4 and N2O were 
converted to CO2 ŜǉǳƛǾŀƭŜƴǘ ǳǎƛƴƎ ǘƘŜ Lt// ǎŜŎƻƴŘ ŀǎǎŜǎǎƳŜƴǘ ǊŜǇƻǊǘΩǎ Dƭƻōŀƭ ²ŀǊƳƛƴƎ tƻǘŜƴǘƛŀƭ όD²tύ 
values based on the effects of greenhouse gases over a 100-year time horizon (N2O = 310, CH4 = 21). 
 
Table 4: Sources of activity data 

Activity data Main sources of data  

Energy (including 
transport) 

Ministry of Energy and Water 
Ministry of Public Works and Transport 
International Energy Agency  
Directorate General of Civil Aviation 
Ministry of Interior and Municipalities/Traffic, Truck and Vehicle 
Management Authority 
Fuel importers 

Industrial processes Industrial establishments 
Ministry of Economy and Trade 
Ministry of Agriculture  
Ministry of Energy and Water 
LƴŘǳǎǘǊƛŜǎΩ ǎȅƴŘƛŎŀǘŜǎ 

Agriculture Ministry of Agriculture  
Directorate General of Customs 
Food and Agriculture Organization 
Lebanese syndicate of cattle importers 
Surveys and personal communications 

Land use, land use 
change and forestry  

Ministry of Agriculture  
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  
Waste contractors 
Scientific publications 
Local NGOs 

 

 The GHG inventory preparation process 1

The Ministry of Environment is the institution responsible for the preparation of the GHG inventories, as part 
of the BURs and National Communications. The preparation of the GHG inventory is an integral part of the 
BURII ǇǊƻƧŜŎǘΣ ǿƘƛŎƘ ƛǎ ŦǳƴŘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Dƭƻōŀƭ 9ƴǾƛǊƻƴƳŜƴǘ CŀŎƛƭƛǘȅΩǎ όD9Cύ ŜƴŀōƭƛƴƎ ŀŎǘƛǾƛǘȅ ό¦{5 орнΣлллύ 
and managed by the UNDP in Lebanon. The GoL through the MoE provides in kind support for the project (USD 
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50,000). The overall coordination of the project was handled by the climate change office at the MoE, which 
works under the Service of Environmental Technology.  

The GHG inventory and report were compiled and drafted by the climate change office at the Ministry of 
Environment. The recruitment of local consultants was undertaken for the preparation of LULUCF and 
transport GHG inventories. Intensive stakeholders and key data holders consultations are conducted during 
the process, building on existing institutional arrangements. 

 

 

Figure 8: GHG Inventory preparation process 
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 Breakdown of emissions by IPCC sector 2

  Energy  2.1

Methodology 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Lt// ƎǳƛŘŜƭƛƴŜǎΣ ǘƘŜ ǎƻǳǊŎŜ ŎŀǘŜƎƻǊȅ ά9ƴŜǊƎȅέ ŎƻǾŜǊǎ ŀƭƭ ŎƻƳōǳǎǘƛƻƴ ǎƻǳǊŎŜǎ of CO2, CH4 and 
N2O emissions (1A) and fugitive emissions associated with the production, transport and distribution of fossil 
fuels (1B). Since no oil production activities occur in the country, therefore they are reported as not occurring 
(NO) in the inventory reporting tables.  

Fuel combustion activities (1A) 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 industries, manufacturing industries and construction and 
other sectors (agriculture, residential and commercial / institutional sectors and 
agriculture/forestry/fisheries) (Table 5)  

-  Transport, including domestic civil aviation, road transport, and domestic navigation (Table 6) 

Table 5: Reporting categories under stationary combustion 

 

Reporting 
categories 

Description Remarks Methodology 

Energy industries 

Emissions from combustion of 
gas/diesel oil, heavy fuel oil and 
lubricants for electricity generation 
from the 7 power plants. 

Lubricants store 50% of 
their carbon content and 
only emit the remaining 
50%. 

Emissions are calculated 
based on the tier 1 
methodology and 
disaggregated by power 
plant. 

Manufacturing 
industries and 
construction 

Emissions from combustion of 
gas/diesel oil, heavy fuel oil, 
petroleum coke and LPG for 
electricity or heat generation for 
own use in industries.  

Gas/diesel oil is considered 
to be used mainly for 
electricity production 
within the industrial 
facilities (generators). 

Fuel consumed by 
neighborhood generators is 
considered under this 
category.  

Petroleum coke is only 
used by cement industries. 

Emissions are calculated 
based on the tier 1 
methodology. 

Commercial and 
institutional sector 

Emissions from combustion of 
gas/diesel oil for electricity 
generation and space heating and 
LPG for cooking activities in 
commercial and institutional 
buildings. 

Gas/diesel oil is considered 
to be used for electricity 
production from 
generators. 

 

Emissions are calculated 
based on the tier 1 
methodology. 

 

Residential sector 

Emissions from combustion of 
gas/diesel oil, LPG, and biomass fuel 
for space heating and cooking 
activities. 

 

Emissions are calculated 
based on the tier 1 
methodology. 

Agriculture, forestry 
and fisheries  

 

Emissions from combustion of diesel 
oil for stationary and mobile 
activities related to in agriculture, 
forestry and fishing.  

 

Emissions are calculated 
based on the tier 1 
methodology. 
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Table 6: Reporting categories under mobile combustion 

Reporting 
categories 

Description Remarks Methodology 

Aviation 

Military helicopters; civil, 
commercial aircrafts; and 
private jet- and propeller-
type aircrafts.  

Emissions from military aircrafts are 
not calculated due to the 
confidentiality of activity data for 
military case.  

Civil, private and 
commercial aircrafts 
emissions are calculated 
based on the tier 1 
methodology. 

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

Emissions from military navigation 
are not calculated due to the 
unavailability of activity data for 
military case.  Emissions from fishing 
are not reported under transport, but 
rather under the 
agriculture/forestry/fisheries 
category of the energy sector. 

Emissions from 
international navigation are 
calculated based on the tier 
1 methodology.  

Road transport 
vehicles 

On-road vehicle 
technologies rely on 
gasoline and gas/diesel 
internal combustion 
engines. The fleet 
encompasses motorcycles, 
passenger cars, vans, 
buses and trucks.  

Road transport is the only mobility 
mean considered under land 
transport as the entire rail network is 
derelict. 

 

Emissions are estimated 
using the tier 2 
methodology based on the 
number of vehicles per 
category and their activity 
in terms of distance and/or 
fuel consumption.  

  

 

Activity data 

¢ƘŜ ŎƻǳƴǘǊȅΩǎ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ƛƳǇƻǊǘǎ ƛƴŎƭǳŘŜ ƧŜǘ ƪŜǊƻǎŜƴŜΣ ƎŀǎƻƭƛƴŜΣ ƎŀǎκŘƛŜǎŜƭ ƻƛƭΣ ƘŜŀǾȅ ŦǳŜƭ ƻƛƭ όŀƭǎƻ ƪƴƻǿƴ 
as residual fuel oil), petroleum coke, Liquefied Petroleum Gas (LPG), Petroleum coke, bitumen, and lubricants. 
Biomass or logged wood is still used in fireplaces or stoves mainly for heating purposes in rural houses. 

No national system has been established yet for the collection of data for the GHG inventory, particularly for 
the consumption of fuel by end use. Therefore, for the reference approach, the main source of data is the list 
of aggregated amounts of fuel imports provided by the Ministry of Energy and Water (MoEW, 2016a). For the 
sectoral approach, activity data has been estimated based on a survey that has been undertaken by the IPT 
Energy Center (IPTEC) for the Ministry of Environment on the sales of fuel from IPT stations to end users. The 
survey was conducted for the year 2013.  
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Table 7: Activity data for the energy sector  
 

Subcategory  Data Source Assumptions 

Energy 
industries 

Ministry of Energy and Water for fuel 
imports (MoEW, 2016a) 

All quantities of fuel reported to be delivered to EDL are 
consumed within one reported calendar year. 

Manufacturing 
industries and 
construction 

Ministry of Energy and Water for fuel 
imports (MoEW, 2016a) 

Ministry of Environment for petroleum 
coke use (MoE, 2017a) 

IPT Energy Center (IPT, 2014) 

 

13% of imported LPG is used in industries.  

49% of the gas diesel oil consumed for private 
generation is used by industries and neighborhood 
generators (1 liter of diesel oil generates 3.65 kWh). 
 
All imported quantities of petroleum coke are 
consumed within one reported calendar year. 

Transport  

Ministry of Energy and Water (MoEW, 
2016a)  

International Energy Agency (IEA, 2017)  

Ministry of Interior and Municipalities, 
Traffic, Trucks and Vehicles Management 
Authority for vehicle fleet characteristics 
(MoIM, 2017). 

Scientific publications (Waked and Afif, 
2012) for number of vehicles equipped 
with a catalyst for emission control 

 

Gas diesel oil is only used for Heavy Duty Vehicles 
(HDV), with an estimated consumption of 7.06 mpg 
(33.3 l of diesel/100km). 

Passenger cars annual mileage is 12,000 km/year. 

Light Duty Vehicles annual mileage is 27,250 km/year 

HDV annual mileage is 50,000 km/year. 

Motorcycles annual mileage is 5,000 km/year. 

 

Commercial 
and 
institutional 
sector 

IPT Energy Center (IPT, 2014) 

 

15% of imported LPG is used in the commercial and 
institutional sector. 

51% of the gas diesel oil consumed for private 
generation is used commercial institutions (1 liter of 
diesel oil generates 3.65 kWh). 
 

Residential 
sector 

Ministry of Energy and Water for fuel 
imports (MoEW, 2016a) 

Biomass from FAOSTAT (FAO, 2017) 

IPT Energy Center (IPT, 2014) 

73% of imported LPG is used in residential sector. 

 

52% of remaining gas diesel oil in the market is used in 
the residential sector. 

 

Agriculture, 
forestry and 
fisheries  

 

Ministry of Energy and Water for fuel 
imports (MoEW, 2016a) 

IPT Energy Center (IPT, 2014) 

48% of remaining gas diesel oil in the market is used in 
the agriculture, forestry and fisheries. 
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Figure 9: Distribution of fuel used in Lebanon
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Table 8: Quantities of fuel imported for the period 1994-2013 (for selected years) 

Fuel type  
(1,000 tonnes) 

1994 2000 2006 2011 2013 

Gasoline  1243.18 1263.757 1,224.61  1,598.42  1,596.340  

Jet kerosene  145.91 124.511 103.36  223.88  258.891  

Gas diesel oil 818.123 1315.64 1,596.28  2,448.07  3,075.57 

Heavy fuel 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 43.86  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, 2016a and MoE; 2017 

 
 

Table 9: Distribution of fuel consumption by end-use for 2013 

Fuel type Consumption  
(1000 tonnes) 

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 

Road transport 1,592.95 

Jet kerosene  

International aviation  258.89 

Petroleum coke   

Cement industries   542.34 

Lubricants  

Energy industries (EDL) 40.61 
Source| MoEW, 2016a and IPTEC, 2014 

 

Energy industries ς public electricity and heat production  

The fuel consumption used under the energy industries category for the estimation of GHG emissions 
is presented in Table 10. It includes amounts of heavy fuel oil and gas/diesel oil that are delivered by 
the Ministry of Energy and Water to EDL, considering that these amounts are being consumed during 
one calendar year.  
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Table 10: Activity data for fuel consumption in energy industries  

Fuel type Quantity (1,000 tonnes) 

1994 2000 2006 2011 2013 

Gas diesel oil 48.65 532.805 1,057.70  1,305.67  1174.529 

Heavy fuel oil 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, 2016a 

 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 major energy consuming sectors in Lebanon. However, due to the intermittent electricity 
supplied by EDL and the constant power shortages, most industries in Lebanon generate 
their own energy from in-house generators. Gas/diesel 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 on these 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 generators:  due to the frequent power 
shortages, neighbourhood generators have flourished in Lebanon, supplying electricity to 
households during cut-off hours (which range from 3 to 15 hours a day depending on the 
region). 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 quantity of fuel used for private generators in the country. Therefore, 
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 providing electricity to households and commerce 
during cut-off 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 quantity 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, Electricité du Liban, private distributers of fuel, and owners of generators) to attempt to 
quantify 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 below table 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 this ENS is estimated using a 
conversion factor of 222.98 g/KWh. Finally, 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 construction for 
selected years based on the following assumptions: 
 

¶ The heavy fuel oil used in manufacturing industries is calculated as the difference between 
the total fuel oil imported to Lebanon minus the amount consumed by public utilities and the 
amount consumed for international navigation.   

¶ The gas/diesel oil used in this category constitutes 49% of the total gas/diesel oil consumed 
for private generation (the other 51% is used by the commercial/institutional 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 quantities are delivered 
ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ ƛƴŘǳǎǘǊƛŜǎΩ ƭƻŎŀǘƛƻƴǎ ŀŦǘŜǊ ǊŜŎŜƛǾƛƴƎ ŀǇǇǊƻǾŀƭ ŦǊƻƳ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 
Environment. 

 
 

Table 11: Activity data for fuel consumption in manufacturing industries and construction  

Fuel type Quantity (1,000 tonnes) 

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  477.86   335.60   542.34  

Lubricants 0.102 - - - - 

Source| MoEW, 2016a and MoE, 2017a 

 Transport 

Road transport covers all internal combustion vehicles used for passengers and goods mobility in 
Lebanon, except farm tractors and public-work vehicles. Types of vehicles investigated in this 
inventory are motorcycles, passenger cars, vans, buses and trucks, classified into categories in 
accordance with the guidelines: Passenger Cars (PC), Light-Duty Vehicles (LDV), Heavy-Duty Vehicles 
(HDV) and motorcycles (Table 12). After banning the use of diesel for vehicles with gross weight 
lower than 3,500 kg (law 341 (6/08/2001) and decree 341/2002), passenger cars, light-duty vehicles 
and motorcycles run only on gasoline, while heavy duty vehicles run on diesel.  

Table 12: Description of the vehicles categories used in the calculation of road transport emissions 

Vehicle category Description 

Passenger Cars (PC) Private personal gasoline cars used for mobility including Sport Utility Vehicles (SUV). 

Light Duty Vehicles 
(LDV) 

Gasoline vehicles with rated gross weight less than 3,500 kg including light trucks and 
coaches, designed for transportation of cargo or passengers. 

Heavy Duty Vehicles 
(HDV) 

Diesel vehicles with rated gross weight exceeding 3,500 kg including heavy trucks and 
coaches, designed for transportation of cargo or passengers. 

Motorcycles 
Includes a mixture of 2-stroke and 4-stroke engines as well as mopeds having an engine 
less than 50cc. 

 

The following activity data are considered:  

¶ The numbers of registered vehicles for are provided by the Ministry of Interior and 
Municipalities/ traffic, truck and vehicle management authority for the years 2012 and 2015 
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(MoIM, 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 fuel used, 
as well as by emission control technologies, following the 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 databases. 

¶ Table 13 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 emission control 
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 were extrapolated to 
the rest of the vehicle fleet.  

Table 13: Classification of the 2013 vehicle fleet per category and EU emission control technologies 

EU emission control technology Passenger Cars Light Duty Vehicles Heavy Duty Vehicles Motorcycles 

Uncontrolled  7,220   599   298  - 

Early non-catalyst control  169,027   8,081   2,991  - 

Non-catalyst control  352,375   21,310   2,925  - 

Oxidation catalyst  89,764   13,062   363  - 

Three-way catalyst  775,306   73,370   31,973  - 

<50 cc
1
 - - -  84,594  

2-strokes
2
 - - -  4,811  

4-strokes
3
 - - -  2,504  

Total 1,393,692 116,422 38,550 91,910 
1
 Motorcycles having 1 cylinder  

2  
Motorcycles having 2 to 3 cylinders  

3 
Motorcycles having 4 cylinders and above  

 

¶ The annual travelled 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 CO2 emissions, 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 passenger cars, 
27,250 km/year for light-duty vehicles, 50,000 km/year for heavy-duty vehicles and 5,000 
km/year for motorcycles.  

¶ Gas/diesel oil is only used by heavy-duty vehicles and is estimated to be 534,021 tonnes in 
2013 (see Box 1 for calculation methodology). The amounts used by passenger cars (taxis in 
general) and LDV are considered insignificant.  

Box 1: Estimation of gas/diesel oil used in road transport 

HDV diesel consumption is assumed to be 7.06 mpg (33.3 l of diesel/100km), based on the data provided by IPT 
on their trucks fleet consumption, and double checked against the GREET Model default value (from Argonne 
National Laboratory) and also compared to the results study conducted by VTT Technical Research Centre of 
Finland. The consumption value is averaged taking into consideration the loaded and unloaded truck trips.  

HDV annual mileage assumed 50,000 km/year in ForFITS, which was validated by experts in the field (Afif, 
2017). 

Uncertainties 

- Consumption is averaged for the whole fleet without taking into consideration the age distribution effect on 
consumption. It is noteworthy to mention that 2% of fuel reduction is estimated every 5 years for model year 
trucks above 1990. However, since the HDV fleet in Lebanon is old, the considered value (33.3 l/100km) is 
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representative of national conditions. Further refinement of this number could be done later. 

- Expert judgments have validated the estimated 50,000 km/year based on survey that is currently being 
undertaken by the Universite Saint Joseph. However, it is unsure how representative the survey is to the HDV 
fleet.  

- Diesel buses constitute a small share compared to HDV trucks, therefore, buses consumption was 
approximated to be similar to the average consumption of the diesel truck. 

Conclusion 

The gas/diesel oil total consumption for transport in Lebanon is 534,021 tonnes in 2013. The difference with 
numbers calculated in this file is related to the assumptions estimated above. 

 

¶ Domestic flights consist of 5 small propeller-type aircrafts, used only for training. They 
operate on gasoline (AVGAS LBP 100) with an annual consumption ranging between 2 and 3 
ktonnes. Which is estimated on a capita basis then weighted by the population and 
extrapolated to cover the 1994-2011 yearly consumption. 

¶ Activities related to domestic navigation are limited to 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 transport were not 
considered due to the unavailability of the activity data. 

Other sectors  

This category includes the greenhouse gases emitted by fuel combustion in the commercial/ 
institutional sector, residential sector and agriculture/ forestry/ fisheries. Different types of fuel are 
considered under this category and are mainly used for electricity generation, cooking, heating, 
navigating and use of other mobile equipment. 

9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ōǳǊƴƛƴƎ ƻŦ ǿƻƻŘ ŀǊŜ ŀƭƭƻŎŀǘŜŘ ǳƴŘŜǊ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊΩǎΣ ǿƘŜǊŜ ƛƴ rural areas 
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 non-coniferous forests (referred to as wood 
waste) as reported by FAOSTAT (FAO, 2017). Only emissions of non-CO2 gases derived from biomass 
fuels are included, and reported, in the emissions of the energy sector and national totals of the 
inventory. Therefore, CO2 emissions from biomass fuels are included only as information item 
because it 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 sector. Therefore, carbon 
dioxide emissions from biomass combustion are not included in national totals, but are recorded as 
memo item for cross-checking purposes as well as avoiding double counting.  
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Table 14 presents the quantities of fuel used in per category based on the following assumptions: 
 

¶ The gas/diesel oil used for electricity generation in the commercial and institutional sector 
constitutes 51% of the total gas/diesel oil consumed for private generation (the other 49% is 
used by manufacturing industries sector) 

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

¶ The LPG used in the commercial and institutional sector is estimated at 13% and the amount 
used in the residential sector at 72% of the total LPG import to Lebanon.   
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Table 14: Activity data for fuel consumption in the commercial and institutional sector  

Fuel type Quantity (1,000 tonnes) End-use 

1994 2000 2006 2011 2013 

Commercial/institutional sector 

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

LPG 14.58 24.77 24.17 29.50 37.65 
- Cooking  
- Space heating  
- Water heating 

Residential sector 

Gas diesel oil  65.45  - 30.02 4.08 
- Space heating 
- Water heating  

LPG 110.36 118.89 116 141.61 180.70 
- Cooking  
- Space heating  
- Water heating 

Biomass 9.77 10.08 9.98 9.95 9.92 
- cooking 
- Space heating  

Agriculture/forestry/fisheries 

Gas diesel oil  

179.98 - - 19 3 Mobile equipment   

179.98 - - 
          

9.40  
1.28 

Fishing boats 

Source| MoEW, 2016a  

 Feedstock and non-energy use of fuels  

Some of the imported fuels are used as raw materials for the production of other products in 
chemical industry and metal production, or the use of fuels for non-energy 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 is totally or partially stored in the product and is not oxidized into carbon 
dioxide for a certain period of time. The CO2 released from the use or decomposition of the product 
ƛǎ ƴƻǘ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ ǘƘŜ ŜƴŜǊƎȅ ǎŜŎǘƻǊΩǎ ƛƴǾŜƴǘƻǊȅ ōǳǘ ǳƴŘŜǊ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊΩǎ ƛƴǾŜƴǘƻǊȅ 
(MoE/UNDP/GEF, 2015). 
The calculation of carbon dioxide emissions from non-energy 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 in national totals and are reported as memo items in the inventory. The activity data 
for international civil aviation includes the jet kerosene consumption and is collected from the 
Ministry of Energy and Water (MoEW, 2016a). The activity data for navigation is limited 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 presented in Table 15.  

Table 15: Fuel consumption for marine bunkers ktonnes/year 

Year 1994 2000 2006 2011 2013 

Jet-kerosene  145.91 124.51 103.36 223.88 258.89 

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. CO2, CH4 and N2O 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. 
CH4 and N2O emission factors are differentiated by technology and fuel, while CO2 emission factors 
are differentiated only by fuel.  Information on the Net Calorific Value (NCV) per imported fuel for 
2013 is provided by the Ministry of Energy and Water. 
 

Table 16: Carbon content, net calorific value and other parameters by fuel type 
 

Fuel type Net calorific 
value 

(TJ/ktonnes) 

Carbon content  

(tonnes C/TJ) 

Oxidation factor 

(%) 

Fraction of 
carbon 
stored

1
 

Gasoline 43.50 18.9 0.99 0 

Jet kerosene 42.80 19.5 0.99 0 

Diesel oil 41.60 20.2 0.99 0 

Heavy fuel oil 41.10 21.1 0.99 0 

LPG 47.31 17.2 0.99 0 

Lubricants 40.19 20.0 0.99 0.5 

Bitumen  40.19 22.0 0.99 1 

Petroleum coke 35.30 27.5 0.99 0 

Natural gas 48.00 15.3 0.995 0 

Biomass  15.00 29.9 0.98 0 

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

 

Table 17: CH4 and N2O emission factors  

 
CH4 emission 
factor (kg/TJ) 

N2O emission 
factor(kg/TJ) 

NOx emission 
factor (kg/TJ) 

CO emission 
factor (kg/TJ) 

NMVOC emission 
factor (kg/TJ) 

 Oil  Biomass Oil  Biomass  Oil  Biomass Oil  Biomass  Oil  Biomass 

Energy industries 
3  

0.6  20
0 

 15  5  

Manufacturing 
industries and 
construction 

2  

0.6  20
0 

 10  5  

Transport 
Gasoline 

20  
0.6  60

0 
 8,0

00 
 1500  

Diesel  
5  

0.6  80
0 

 1,0
00 

 200  

Commercial/instituti
onal 

10 300 

0.6 4 10
0 

 20  5  

Residential 
10 300 

0.6 4 10
0 

100 20 5000 5 600 

Agriculture/forestry/ 

fisheries 
10 300 

0.6 4 10
0 

 20  5  
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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 vehicles, the vehicle 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 constituted of European vehicles, default EU emission factors are used. Emissions 
from other categories under mobile combustion are calculated with default emission factors 
available in the 1996 IPCC guidelines (IPCC, 1997). 

Table 18: Default EU emission factors for gasoline passenger cars under the tier 2 methodology 

Estimated emission factors for EU gasoline passenger cars (g/km) 

 NOX CH4 NMVOCs CO N2O CO2 

Three-way catalyst: assumed fuel economy 11.8 km/l (8.5 l/100 km) 

 0.5 0.02 0.5 2.9 0.05 205 

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

 1.4 0.07 1.4 7.5 0.005 190 

Non-catalyst controls: assumed fuel economy 12.0 km/l (8.3 l/100 km) 

 2.3 0.07 4.5 19 0.005 200 

Early non-catalyst controls: assumed fuel economy 10.6 km/l (9.4 l/100 km) 

 2.0 0.08 5.2 29 0.005 225 

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

 2.2 0.07 5.3 46 0.005 270 

Table 19: Default EU emission factors for gasoline light-duty vehicles under the tier 2 methodology 

Estimated emission factors for EU LDV gasoline cars (g/km) 

 NOX CH4 NMVOCs CO N2O CO2 

Moderate control: assumed fuel economy 7.4 km/l (13.6 l/100 km) 

 2.9 0.08 6.1 37 0.006 325 

Table 20: Default EU emission factors for diesel heavy-duty vehicles under the tier 2 methodology 

Estimated emission factors for EU HDV diesel cars (g/km) 

 NOX CH4 NMVOCs CO N2O CO2 

Moderate control: assumed fuel economy 3.3 km/l (29.9 l/100 km) 

 10 0.06 1.9 9 0.03 770 
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Table 21: Default EU emission factors for motorcycles under the tier 2 methodology 

Estimated emission factors for motorcycles (g/km) 

 NOX CH4 NMVOCs CO N2O CO2 

Motorcycles < 50 cc 
Uncontrolled: assumed fuel economy 41.7 km/l (2.4 l/100 km) 

 0.05 0.1 6.5 10 0.001 57 

Motorcycles > 50 CC 2 stroke 
Uncontrolled: assumed fuel economy 25.0 km/l (4.0 l/100 km) 

 0.08 0.15 16 22 0.002 95 

Motorcycles > 50 cc 4 stroke 
Uncontrolled: assumed fuel economy 19.6 km/l (5.1 l/100 km) 

 0.3 0.2 3.9 20 0.002 120 

 

 

Figure 10: Classification per country of origin of the 2010 Lebanese vehicle fleet 

 

Results  

In 2013, the energy ǎŜŎǘƻǊΩǎ DID ŜƳƛǎǎƛƻƴǎ were estimated at 20,775 Gg CO2eq. (20.7 million tonnes 
CO2eq.), representing 79% of the total greenhouse gas emissions in Lebanon. Energy is mainly 
responsible for carbon dioxide emissions (99.63%), while it also contributes to methane and nitrous 
oxide emissions with 0.12% and 0.28% respectively. The contribution of each subcategory to the total 
of the energy sector is presented in Table 22 and Figure 11. 
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Table 22: GHG emissions from energy by source category and gas for 2013 

Categories Emissions 

 

CO2 
(Gg) 

CH4 
(Gg) 

CH4 
(Gg 

CO2eq.) 

N2O 
(Gg) 

N2O 
(Gg 

CO2eq.) 

Total 
(Gg 

CO2eq.) 

Total energy 
20,551.07 2.12 44.47 0.58 179.56 20,775.10 

Energy industries 
7,367.39 0.29 6.25 0.06 18.44 7,392.08 

Manufacturing energy and 
construction 

4,403.84 0.11 2.23 0.03 9.89 4,415.96 

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 for CO2, 21 for CH4 and 310 for N2O, 
Numbers may reflect rounding. 

 

 

Figure 11: Contribution of energy emission sources ǘƻ ǘƘŜ ǎŜŎǘƻǊΩǎ ǘƻǘŀƭ ŦƻǊ нлм3 

Energy industries 

The energy sector in Lebanon relies on fossil fuel combustion for meeting the bulk of energy 
requirements in the country. The final energy consumption in 2013 amounted to approximately 
287,465 TJ. Since electricity generation from public power plants (energy industries) is the main fuel 

Energy Industries 
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consumer, it is responsible for 35.58҈ ƻŦ ǘƘŜ ǎŜŎǘƻǊΩǎ ŜƳƛǎǎƛƻƴǎ ŦƻƭƭƻǿŜŘ ōȅ transport (29.64%) and 
manufacturing industries (21.26%) as illustrated in Figure 11. 
 
Indeed, public electricity ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ŎƻƴǘǊƛōǳǘƻǊ ǘƻ ǘƘŜ ǎŜŎǘƻǊΩǎ ŜƳƛǎǎƛƻƴ ŘǳŜ ǘƻ ǘƘŜ ŦŀŎǘ 
that more than 88% of imported fuel oil and 38% of imported gas diesel oil are used in thermal 
power plants for public electricity generation (Figure 12).  
 
 

 

Figure 12: Amount of gas diesel oil and fuel oil consumed per subcategory 

 

Transport 

In 2013, GHG emissions from transport are estimated at 6,158.35 Gg CO2eq. Carbon dioxide, 
methane, and nitrous oxide contribute to 97.2%, 0.43%, and 2.3% of total CO2eq. respectively. 

Table 23: Transport sector GHG emissions for 2013 

 CO2eq. CO2 CH4 N2O 

 Emissions 
(Gg) 

6,158 5,988 1.27 0.46 

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 emissions with 58.1% of the total road transport GHG emissions (CO2eq.), while LDV, HDV, 
and motorcycles account for 17%, 24.5%, and 0.5% respectively.  

Manufacturing industries and construction and commercial/institutional sectors 

Other high-emitting subcategories in the energy sector are manufacturing industries and 
construction and the commercial/institutional sector since 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 institutions and at neighbourhood levels 
consume considerable amounts of Gas/Diesel (GDO). In 2013, it is estimated that private generators 
supplied 6,095 GWh of electricity, calculated as 80% of the Energy-Not-Supplied (ENS), i.e. the 
difference between supply1 (12,257 GWh) and demand (19,987 GWh) in 2013. Assuming a rate of 
consumption of 222.98 g/kWh of GDO, it is estimated that 1,359,149 tonnes of gas diesel have been 
used for private electricity generation in 2013, exceeding the amount of GDO used in EDL power 
plants and constituting 44% of total import of gas diesel oil. 
 
Manufacturing industries and construction and commercial/institutional sectors also emit GHG 
emissions from their consumption of Liquefied Petroleum Gas (LPG) for heating and cooking, heavy 
fuel oil for heat generation in industries and petroleum coke for cement production (Table 24). 

Table 24: CO2 emissions from manufacturing industries and the commercial/institutional sector in 
2013 

 

Manufacturing industries 
(including neighbourhood 
generators) 

Commercial/institutional 
sector 

Fuel Type  Emissions in 2013 (Gg CO2) 

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 

 
/ƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǊŜǎǳƭǘǎ ǊŜǇƻǊǘŜŘ ƛƴ [ŜōŀƴƻƴΩǎ ŦƛǊǎǘ .¦wΣ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 
industries and the commercial/institutional sector in 2013 seems to be twice as much as the 
emissions in 2011 (4,592.03 Gg CO2eq.). This is mainly driven by the increased reliance on private 
generation resulting from the growing gap between the electricity supplied by EDL and electricity 
demand. 

Table 25: Difference in GHG emissions from manufacturing industries and the commercial/institutional 
sector 

 
2011 2013 

Emissions (Gg CO2eq.) 4,592.03 7,224.68 

DO for private generation (ktonnes) 741 1,359 

Energy-not Supplied 4,158 7,619 

EDL Supply (GWh) 12,406 12,257 

Electricity demand (GWh) 16,564 19,876 

 

Residential sector  

In the residential sector, LPG is estimated to be the main source of GHG emissions (537.095 Gg 
CO2eq.), followed by gas diesel oil that is used for space and water heating in households. Emissions 
from the use of private generators in residential buildings are not allocated in this category to avoid 
double counting from private generation under the manufacturing industries and construction 
category. 
 

                                                      

 
1
 Electricity supply takes into account electricity production and purchase for any given year 
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Comparison between the sectoral approach and the reference approach  

According to the IPCC guidelines, carbon dioxide emissions from 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 consequent calculation of emissions, while the sectoral approach is 
based on a detailed disaggregation of energy consumption by sector and fuel for the calculation of 
CO2 emissions. The application of the reference approach can be considered as a quality control 
procedure, as the deviation of estimations should not be significant (deviations in the order of ±2%) 
or else explanations should be provided. 
 
In Lebanon, carbon dioxide emissions for the energy sector are 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 in Table 26, the difference between the 2 approaches is 2.48%, which is slightly above the 
threshold defined by the IPCC guidelines. The existing difference results mainly from statistical 
differences in fuel consumption and the use of tier 2 methodology in the transport sector. 

Table 26: Difference between the reference and sectoral approach for 2013 

 CO2 emissions 
(Gg)  

Difference  

Reference approach 21,072.72 2.48% 

Sectoral approach 20,551.07 

International bunkers  

For international bunkers, the total direct GHG emissions from aviation and marine amounted to 
879.77 Gg of CO2eq. in 2013, with 90% of these direct GHG emissions originating from international 
aviation.  

 Industrial processes  2.2

Methodology 

The GHG inventory of industrial processes in Lebanon is carried out based on calculation 
methodologies of the Revised 1996 IPCC Guidelines for national greenhouse gas inventories and the 
IPCC Good Practice Guidance. Further descriptions of the methodologies used and gases covered for 
each source of emissions identified by the guidelines are detailed in Table 27.  
 
Table 27: Reporting categories investigated in the inventory of the Lebanese industrial processes 
sector 

Reporting categories Emitted gases Methodology, description and remarks 

Cement production CO2  
 

All cement industries in Lebanon are covered in this calculation. 
Cement manufacturing is a key category in Lebanon. Tier 2 is adopted 
to calculate emissions from this category. 

Lime production CO2 The only lime production plant in Lebanon is covered in this 
calculation. Lime is also produced in cement manufacturing; however it 
is already accounted for in clinker produced in cement industries. 
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Limestone use CO2 Limestone is mainly used in Lebanon in cement, glass and lime 
industries. Therefore emissions from limestone are already accounted 
for in each of these categories. 

Soda ash production and 
use 

CO2 There is no soda ash production in Lebanon. Therefore all soda ash 
used is imported. Percentages of soda ash used for each type of 
industry (glass manufacturing, soap and detergents, water treatment 
etc.) are not available. 

Production and use of 
miscellaneous mineral 
products 

NMVOCs  
CO 
SO2 

Asphalt use and production 
Bitumen used for asphalt road paving in Lebanon is imported. 
It is assumed that all asphalt used for non-paving applications is 
produced by blowing process (IPCC, 1997). Therefore, the amount of 
asphalt blown was derived by subtracting cement asphalt for road 
paving from total bitumen imports. 
Glass production 
Glass production does occur in Lebanon; however, production data 
could not be accessed. Therefore emissions from glass production are 
not estimated. 
Concrete pumice stone production 
There is no concrete pumice stone production in Lebanon. Therefore 
emissions are not occurring. 

Ammonia production CO2  
NMVOCs  
CO 
SO2 

There is no ammonia production in Lebanon. Therefore emissions are 
not occurring. 

Nitric acid production N2O 
NOx 

There is no nitric acid production in Lebanon. Therefore emissions are 
not occurring. 

Adipic acid production N2O 
NOx  
NMVOCs  
CO 

There is no adipic acid production in Lebanon. Therefore emissions are 
not occurring. 

Carbide production CO2  
CH4 

There is no carbide production in Lebanon. Therefore emissions are not 
occurring. 

Production of other 
chemicals 

CH4 
NOx  
NMVOCs  
CO 
SO2 

Phosphate fertilizers are reported to be produced in Lebanon. 
However, data from producing companies is inaccessible to any 
government agency. Therefore, emissions from this category are not 
estimated. 

Metal production CO2 
NOx  
NMVOCs  
CO 
SO2 

There is no metal production in Lebanon. Production of Iron and Steel 
from the years 2000 to 2002. Then the only metal producing company 
in Lebanon closed. Besides emissions from this period, none have 
occurred for this category. 

Pulp and paper industries NOx  
CO 
SO2  
NMVOCs 

In Lebanon, there is no pulp production in any of the paper industries. 
Pulp is imported. Therefore emissions are not occurring. 



Lebanonôs Second Biennial Update Report to the UNFCCC 

38 
 

Food and drink NMVOCs Categories included in this module are: wine production, beer 
production, meat, fish and poultry production. 
Estimations were also made for bread and cake and biscuits production 
based on quantities of imported as well as locally produced wheat. 
Data on coffee, animal feeds and Arak (locally produced spirit) 
production could not be obtained, therefore emissions from these 
subcategories were not estimated. 

Production of halocarbons 
and sulphur hexafluoride 

HFCs  
PFCs 

Halocarbons are not produced in Lebanon. Therefore, emissions from 
production are not occurring. 

Consumption of 
halocarbons and sulphur 
hexafluoride 

HFCs  
PFCs 

There is no data available on consumption of fluorinated gases. 
[ŜōŀƴƻƴΩǎ ƴŀǘƛƻƴŀƭ ƻȊƻƴŜ ƻŦŦƛŎŜ ƛǎ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŦƛƴŀƭƛȊƛƴƎ ŀ ǎǳǊǾŜȅ 
to estimate the amount of ODS, mainly HFC, in the country.  

 

Activity data  

Table 28 below summarizes the data sources used for the calculation of CO2 emissions industrial 
ǇǊƻŎŜǎǎŜǎ ƛƴ [ŜōŀƴƻƴΩǎ ǎŜŎƻƴŘ .¦wΦ Details of the calculation of activity data are presented in Annex 
II.   

Table 28: 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 
Quantity of clinker produced 

The three cement industries in Lebanon 

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 was retrieved 
directly from the customs website). HS code: 28.36.30.00 

Data for the present inventory was collected for the time series 1994 ς 2013. Table 29 present some 
of the activity data collected for the source categories for the industrial sector for selected years.  

Table 29: Activity data for industrial processes in Lebanon for selected years 

Year 1994 2000 2006 2011 2013 

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

Quantity of cement produced (tonnes) 298,000 2,790,336 4,043,357 5,771,074 5,905,811 

Quantity of lime produced (tonnes ) 15,000 
2,500 2,503 2,722 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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Table 30: Emission factors and other parameters for industrial processes 

Reporting categories Emission factor and other 
parameters 

Source of emission factor 

Cement production 0.51 t CO2/t clinker produced Nationally developed emission factor, SNC 
(MoE/UNDP/GEF, 2011) 

Correction factor for cement kiln 
dust (CKD): 1.02 

IPCC Good Practice Guidance and Uncertainty 
Management, p.3.12 

0.3 kg SO2/t cement produced Revised 1996 IPCC guidelines, reference manual, 
p.2.7 

Lime production 0.79 t CO2/t quicklime produced Revised 1996 IPCC guidelines, reference manual, 
p.2.9 

Soda ash use 
 
 

415 kg CO2/t soda ash used Revised 1996 IPCC guidelines, reference manual, 
p.2.13 

320 kg NMVOCs/t road paving 
material used 

Revised 1996 IPCC guidelines, reference manual, 
p.2.14 

Production and use of 
miscellaneous mineral 
products 

2.4   kg NMVOCs/t asphalt 
roofing produced 

Revised 1996 IPCC guidelines, reporting instructions, 
p.2.9 

0.095 kg CO/t asphalt roofing 
produced 

Revised 1996 IPCC guidelines, reference manual, 
p.2.13 

0.035 kg NMVOCs/hl beer 
produced 

Revised 1996 IPCC guidelines, reference manual, 
p.2.41 

0.3 kg NMVOCs/t fish processed Revised 1996 IPCC guidelines, reference manual, 
p.2.42 

0.3 kg NMVOCs/t meat 
processed 

Revised 1996 IPCC guidelines, 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 processed Revised 1996 IPCC guidelines, reference manual, 
p.2.42 

8 kg NMVOCs/t bread processed Revised 1996 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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Box 2:  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 oxide (CaO) 
content of the clinker (CaO_Clinker) is needed in order to generate a national emission factor for tier 2 method as 
per equation 3.3 p.3.12: 

EFclinker = 0.785 x CaO_Clinker 

0.785 is the molecular weight ratio of CO2 to CaO in the raw material mineral calcite (CaCO3) from which most 
or all the CaO in clinker is derived. 

The value obtained from the three plants producing cement in Lebanon for CaO content of clinker is:  65%. 

Therefore, 

EFclinker = 0.785 x 0.65 = 0.51 t CO2/t clinker 

Cement Kiln Dust (CKD) is a mix of raw material and clinker that is produced by cement furnaces. It may be 
partly recycled to the furnace. Good practice is to correct for the CO2 contained in the non-recycled, therefore 
lost calcined CKD because this CO2 will not be accounted for by the clinker produced. The default CKD 
correction factor is 1.02 (i.e. add 2% to the CO2 calculated for clinker). 

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

Emissions = clinker production x EFclinker x CKD correction factor 

 

Results  

In 2013, total emissions from industrial processes in Lebanon amounted to 2,545.42 Gg of CO2.  
Greenhouse gas emissions primary entail the CO2 gas 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 CO2 emissions in the sector. CH4 and N2O are not emitted from industrial 
processes.  
 
Table 31: CO2 emissions from industrial processes in Lebanon for selected years 

Year 
Total Emissions CO2 
(Gg) 

Emissions from 
cement production 
(Gg) 
 

Emission from lime 
production (Gg) 

Emissions from use 
of soda ash (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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Figure 13: CO2 emissions from industrial processes in Lebanon per category  

While emissions from some categories 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 very minimal 
compared to the highest emitter, i.e., the cement sector. However, emissions from the consumption 
of halocarbons and SF6, having a high global warming potential, may significantly affect the overall 
emissions from the sector in terms of CO2 equivalent, even with small quantities. 

 Agriculture  2.3

Methodology 

The IPCC guidelines for national GHG 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         
                                                           
Agricultural GHG emissions in Lebanon consist mainly of emissions from enteric fermentation (CH4 
emissions), manure management (CH4 and N2O emissions) and agricultural soils (N2O emissions). The 
other IPCC subcategories ς rice cultivation, prescribed burning of savannas, and field burning of 
agricultural residues do not occur in Lebanon and are thus reported as Not Occurring (NO).                                                                 
The tier 1 approach was employed in the calculation of emissions, using the Revised 1996 IPCC 
Guidelines and the GPG 2000.  There are no available data to adopt a Tier 2 methodology. 
For the GHG inventory of the agricultural sector, the UNFCCC software version 1.3.2 (Non - Annex 1 
National GHG Inventory Software) was used.  All sheets presented in the software were filled as in 
the module 4 (agriculture) of the software, except for sheet (4-5s1) used for the calculation of FBN 
(nitrous oxide emission from agricultural soils).  FBN was calculated manually and the values entered 
in the sheet.  The calculations are presented in Annex III. 
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Activity data 

In BUR I, activity data of the agriculture sector was mainly derived from the FAO database (FAO Stat), 
which was the most complete database, with additions from the Lebanese Ministry of Agriculture, 
the Lebanese Customs, and the Lebanese syndicate of cattle 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 BURI and 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 memory and 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 the establishment 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, the MoE 
and the MoA have initiated a long-ǘŜǊƳ ŘƛŀƭƻƎǳŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŜŀŎƘ ƻǘƘŜǊΩǎ ƴŜŜŘǎ ƛƴ ǘŜǊƳǎ ƻŦ Řŀǘŀ 
collection and segregation level, in addition to participation in trainings on GHG inventories.  
Table 32 below summarizes the data sources used for the GHG inventory of the agriculture sector in 
the second BUR. 
 
Table 32: Summary of data sources used in the GHG inventory for the agricultural sector 
 
Reporting category and activity 
data needed 

Source used in BUR I Source used in BUR II 

Livestock 
population 

Dairy Cattle  FAOSTAT under the domain 
production\Livestock primary\Milk, 
whole fresh cow\producing animals 
 

Ministry of Agriculture 

Non-Dairy Cattle  
Non-Dairy Cattle 
Population = Total 
Cattle population 
minus Dairy Cattle 
population.   

Total Cattle is the summation of two 
sources: 
1) Total Cattle:  Obtained from 
FAOSTAT under the domain 
production\Live 
animals\Cattle\Stock.  
2) Imported beef:  Local data 
obtained from Syndicate of Cattle 
Importers (1997-2012). Values for 
1994-1996 were extrapolated. 

Ministry of Agriculture ς 
Imported beef was not included 
due to: 
1) lack of records and archives 
from BUR I on the source and 
contacts to obtain data on 
imported beef 
2) the exclusion of imported beef 
from the MoA statistics. Future 
institutional arrangements will 
explore the possibility of 
gathering this data on a 
sustainable basis.  

Sheep, Goats. FAOSTAT under the domain 
production\ live animals\ (name of 
the species)\stock 
 

Ministry of Agriculture 

Swine, Camels, 
Horses, Mules, 
Asses 

FAOSTAT under the domain 
production\ live animals\ (name of 
the species)\stock 
 

FAOSTAT under the domain 
production\ live animals\ (name of 
the species)\stock 

Poultry (Laying 
Hens, Broilers and 
traditional chicken) 

For laying hens and broilers: 
FAOSTAT under the domain 
production\ livestock primary\έƳŜŀǘ 
ǇƻǳƭǘǊȅ Ҕ όƭƛǎǘύέ ŀƴŘ άŜƎƎǎ ǇǊƛƳŀǊȅ Ҕ 

All data obtained from the 
Ministry of Agriculture, and 
broilers were adjusted to 60 days 
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 1994-1996, 2006-2007 and 2011-
2012. These were obtained through 
extrapolation and interpolation. 
 

equation: 
Population = Days alive x 
(NAPA/365) 
Where:   
Days alive= Average number of 
days for the animal before it is 
slaughtered 
NAPA = Number of Animals 
Produced Annually 
Detailed calculation of poultry 
population is presented in Annex 
III. 

Nitrogen Fertilizer Consumption Consumption data was taken from 
local imports. Data obtained from 
The Lebanese Customs. Values for 
1994-1996 were extrapolated. 

2013 data obtained by 
extrapolation from the available 
data series from the previous 
inventory. Data available at the 
Lebanese customs did not match 
the data series gathered for the 
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 
Production\crops\(name of 
crop)\production quantity.  

FAOSTAT under the domain 
Production\crops\(name of 
crop)\production quantity. Data 
available at the Ministry of 
Agriculture only until 2009. 
Crop production values should be 
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 area harvested 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 harvested 
by the yield.   Area harvested was 
obtained from FAOSTAT, except 
for the year 2013, estimation was 
provided by Ministry of 
Agriculture. Yield (40 tonnes 
Fresh Weight/ha) was adopted 
from expert judgment during 
BUR I. 
 

Manure Management systems Data was obtained though expert 
judgment and survey of selected 
dairy, poultry and swine farms (Liban 
Lait, Dairy Khoury, Hariri Farms, 
Hawa Chicken, Tanmia, Wilco, 
Porkys). 

Data was adopted from BUR I. 

 
Table 33  to Table 37 present some of the activity data collected for livestock population, fertilizer 
consumption, crop production and manure management for selected years.  

Table 33: 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 

Table 34: Fraction of Manure Nitrogen per Manure Management System (MMS) in Lebanon based on 
expert judgement 

 Dairy 
Cows 

Other 
Cattle 

Sheep Goats Camels Horses Mules  Swine Poultry 

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 1  0.04 

Poultry manure without 
bedding   

        0.19 

Poultry manure with bedding           0.77 

Table 35: Amount of synthetic fertilizer applied to soil in Lebanon for selected years  

 1994 2000 2006 2011 2013 

Synthetic Fertilizer Applied to 
Soil NFERT (Kg N/yr) 

31,016,000 25,354,000 9,535,000 18,359,000 18,269,111* 

*extrapolation 

Table 36: Amount of pulses produced in Lebanon for selected years, reported in tonnes on a dry 
matter basis 

Production of pulses (dry) (tonnes) 
Dry 
matter 

1994 2000 2006 2011 2013 

Dry beans  1 
(a)

 4,726 100 200 743 426 

Green beans  0.85 
(b)

 25,500 39,015 10,795 21,250 20,773 

Broad beans, horse beans  1 
(a)

 1,950 300 300 126 150 

Chick peas  1 
(a)

 9,700 2,200 1,200 3,547 2,435 

Alfalfa  0.5 
(c)

 13,600 15,000 15,000 15,000 10,000 
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Lentils  1 
(a)

 13,000 800 600 1,893 1,471 

Lupins  1 
(a)

 1,170 1,150 450 132 115 

Dry peas  1 
(a)

 1,986 2,450 2,400 2,500 2,495 

Green peas  0.85 
(b)

 10,880 3,740 2,465 3,715 3,476 

Vetches  0.9 
(d)

 4,500 4,725 2,835 648 742.5 

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 4.16; (c) WSU, 2016; (d) 2006 IPCC GL, Table 11.2; (N-Fixing 
Forages) 

Table 37: Amount of non-N 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 0.88 
(e)

 17,762.8 8,272 27,984 26,400 30,800 

Maize 0.88 
(e)

 3,595.68 3,080 2,728 2,640 2,640 

Oats 0.88 
(e)

 448.8 352 211.2 161.04 128.48 

Sorghum 0.88 
(e)

 1,454.64 1,232 756.8 396 440 

Wheat 0.88 
(e)

 46,354 95,128 134,992 110,000 123,200 

Carrots and turnips 0.12 
(c)

 3,914.4 984 696 612.72 456.96 

Garlic 0.35 
(f)

 12,250 3,850 1,085 992.95 668.85 

Onions 0.14 
(f)

 9,910.46 22,064 6300 12,131.98 10,701.18 

Potatoes 0.45 
(g)

 144,795.2 123,750 179,100 123,750 185,400 

Total (dry basis)  240485.9 258712 353853 277084.7 354435.5 

(c) WSU, 2016; (e) 2006 IPCC GL -Table 11.2;   (f)  Slovenian NIR;  (g) 1996 IPCC GL - reference 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 reported in Table 38 below. Total CH4 emissions is then the sum of 
emissions from all animal categories, except poultry as per the guidelines (enteric fermentation in 
poultry is insignificant).    
  
Table 38: Methane emission factors for enteric fermentation. 
 
Species CH4 Emission 

factor 
(kg/head/year) 

Source 

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 the 
Tier 1 method. Average annual milk production for dairy cows in 
Lebanon is 4,200 kg/head/yr (comparable to Western Europe).    

 

Manure management  

¶ Methane (CH4) 
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 fermentation, 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 Lebanon (i.e. solid based 
systems are used for the majority of manure). For the other species shown in Table 39, emission 
factors for temperate regions were chosen from the default factors proposed by the 1996 IPCC 
guidelines. Indeed, in the Reference Manual, Table 4-1, three climate regions are defined in terms of 
annual average temperature: cool (<15°C), temperate (15°C - 25°C), and warm (>25°C). Livestock 
population in Lebanon all fall within the temperate region. 
 
Table 39: Methane emission factors for manure management. 
 
Species EF (kg/head/year) Source 

Sheep 0.16 1996 IPCC GL, reference manual, Table 
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, Table 
4-5 (Eastern Europe) 

Other cattle 13 

Swine 7 

 

¶ Nitrous Oxide (N2O) 
 

The amount of N2O 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 country-specific emission factors, the IPCC default nitrogen excretion rates (Nex) and 
emission factors were used. Table 40 and Table 41 provide the nitrogen excretion rates for animal 
species Nex and emission factors used for each type of MMS. Fraction of manure managed in each 
MMS was determined using surveys of major dairy, non-dairy, swine, and poultry farms as well as 
expert judgment from academic experts. 
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Table 40: Nitrogen excretion rate for animal species and fraction of manure managed in each manure 
management system in Lebanon 
 
 Dairy 

Cows 
Other 
Cattle 

Buffalo Sheep Goats Camels Horses Mules  Swine Poultry Source  

 Fraction of Manure Nitrogen per MMS  

Anaerobic 
Lagoons  

0.01          Expert 
judgement  

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 1  0.04 

Poultry 
manure 
without 
bedding   

         0.19 

Poultry 
manure with 
bedding   

         0.77 

 Nitrogen Excretion (kg/head/yr)  

 

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

 
Table 41:  Emission factors for Nitrous Oxide emission for each utilized manure management system. 
 
MMS Emission Factor 

(kg N2O-N/kg N excreted) 
Source 

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 why this table does not contain an emission factor for this type of 
MMS. 

Agricultural soils 

Emissions of N2O from agricultural soils result from anthropogenic N inputs through both a direct and 
an indirect pathway. Direct pathway occurs via two mechanisms (a) intentional additions of N 
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directly to soils through synthetic fertilizers, nitrogen fixation by N-fixing crops, animal manure, and 
crop residues and (b) unintentional additions of N through animals grazing on pasture, ranges, and 
paddocks (PRP). Indirect N2O emissions occur through two pathways ς volatilization from applied 
fertilizer and manure as NH3 and NOx and subsequent deposition, and through leaching and runoff of 
applied fertilizer and animal manure.  
 

¶ Direct Nitrous Oxide emissions 
 
FSN: Nitrogen from Synthetic Fertilizer 
FSN is annual amount of synthetic fertilizer nitrogen added to soil, adjusted for NH3 and NOx 
volatilization.   
 

Table 42: Factors used for the calculation of nitrogen from synthetic fertilizer 

Fraction of Synthetic Fertilizer 
Applied Emitted as NOx and NH3 

FracGASF 

0.1 1996 IPCC GL, Reference Manual, 
Table 4-24 

Emission factor for direct 
emissions (kg N2O-N/kg N) 

0.0125 1996 IPCC GL, Reference Manual, 
Table 4 -18 

 
FAW: Nitrogen from Animal Manure 
FAW is annual amount of animal manure nitrogen adjusted for (a) NH3 and NOx 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 counting, N-inputs from animals on pasture, range, and paddock (PRP) is 
subtracted from nitrogen additions from animal manure (FAW) and added separately as direct N2O 
emissions from Pasture, Range, and Paddock. 

Table 43: Factors used for the calculation of nitrogen from animal manure  

Fraction of Nitrogen excreted during grazing 
(FracPRP) 

0.2-0.34 

FracPRP was calculated as the ratio of the amount 
of nitrogen excreted during grazing (PRP) to the 
total nitrogen excreted from all MMS. 

Appropriate cells on worksheet: 

4-1s2 A24/ 4-1s2 A27 

Fraction of Nitrogen excreted emitted as NOx 
and NH3 

0.2 1996 IPCC GL, Reference Manual, Table 4-19 

Emission factor for direct emissions (kg N2O-
N/kg N) 

0.0125 1996 IPCC GL, Reference Manual, Table 4 -18 

Emission Factor for AWMS (kg N2O ς N/kg N) 0.02 GPG 2000, Table 4.12  

 
FBN: N fixed by Crops 
FBN is the annual amount of nitrogen added to soil through the process of nitrogen fixation by N-fixing 
crops cultivated annually. Nitrogen fixing crops include pulses (dry beans, broad beans, peas, 
chickpeas, and lentils), leguminous crops (green peas and green beans) and N fixing forages (alfalfa 
and vetch).  FBN is manually calculated using Tier 1a method (Equation 4.25; 2000 GPG): 
FBN = 2 x CropBF x FracNCRBF 

Where  
CropBF = Yield of Pulses and leguminous vegetables (kg dry Matter/year, refer to Table 36) 
FracNCRBF =   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 for N-fixing crops are all reported on dry 
matter (DM) basis. Therefore, all crop production values were multiplied by the appropriate DM 
fractions (see AnnexI V for detailed calculations of FBN). 
The factor 2 converts the edible portion of the crop (which is reflected in the production data) to 
total crop biomass. 
The emission factor for direct emissions (0.0125 kg N2O-N/kg N) also applies for the calculation of 
nitrogen fixed by crops.  
 
FCR: Nitrogen from crop residues 
Nitrogen returned to soil from crop residues left to decompose in the field. 

Table 44: Factors used for the calculation of nitrogen from crop residues 

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

Fraction of nitrogen in non N fixing crops 0.010  

Fraction of crop residue burned FracBURN 0 Experts judgement 

Average of fraction of residue removed from field 
for N fixing and non N fixing crops FracR 0.66 

Experts judgement (LARI) for FracR 
of each crop. We calculated the 
average 

Emission factor for direct emissions (kg N2O-N/kg N) 0.0125 1996 IPCC GL, Reference Manual, 
Table 4 -18 

 

¶ Indirect Nitrous Oxide emissions 
 
Indirect N2O emission from nitrogen added to agricultural soils are based on two sources. These are: 
volatilization and subsequent atmospheric deposition of NH3 and NOx from the application of 
fertilizers and animal manure, and leaching and runoff of the nitrogen that is applied to or deposited 
on soils. 
Note: Emissions of N2O produced from the discharge of human sewage into rivers are reported under 
the waste sector. 
 
Table 45: Fractions and emission factors used for calculating indirect emissions from agricultural soils 
 
Fraction of total manure N excreted that volatizes 
FracGASM kg NH3-N + NOx -N volatilized/kg of N excreted by 
livestock 

0.2 
1996 IPCC GL, Reference Manual, 
Table 4-19 

Fraction of synthetic fertilizer N applied that volatizes 
FracGASF kg NH3-N + NOx -N volatilized/ kg of fertilizer N 
applied 

0.1 
1996 IPCC GL, Reference Manual, 
Table 4-24 

Fraction of N that leaches FracLEACH kg N leached /kg of 
fertilizer or manure N applied 

0.3 
1996 IPCC GL, Reference Manual, 
Table 4-24 

Emission Factor for atmospheric deposition of NH3 and 
NOx (EF4) (kg N2O ς N/kg N) 

0.01 
1996 IPCC GL, Reference Manual, 
Table 4-23 

Emission factor for leaching (EF5) (kg N2O ς N/kg N) 
0.025 

1996 IPCC GL, Reference Manual, 
Table 4-23 
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Results 

In 2013, total GHG emissions from the agricultural sector were 987.55 Gg CO2eq, constituting 4% of 
total national emissions. Nitrous oxide (N2O) emissions from agricultural soils (511.5 Gg CO2eq..) 
represented over half of emissions from agriculture, CH4 emissions from enteric fermentation were 
265.61 Gg CO2eq., and N2O and CH4 emissions from manure management 210.4 Gg CO2eq. Most of 
the emissions from manure management were due to N2O emissions as opposed to CH4. 
 
The summary of methane (CH4) emissions from enteric fermentation and manure management and 
nitrous oxide (N2O) emissions from manure management and agricultural soils are presented in Table 
46 below.   
 
Table 46:  GHG emissions for the agriculture sector for selected years 
 

Year 1994 2000 2006 2011 2013 

Enteric fermentation (Gg CH4) 11.02 9.88 10.55 11.48 12.64 

Enteric fermentation (Gg CO2eq.) 231.42 207.48 221.55 241.06 265.44 

Manure management (Gg CH4) 2.27 1.83 1.80 1.72 1.91 

Manure management (Gg CO2eq.) 47.67 38.43 37.80 36.20 40.11 

Total Gg CH4 13.29 11.71 12.35 13.21 14.55 

Manure management (Gg N2O) 0.46 0.47 0.52 0.53 0.55 

Manure management (Gg CO2eq.) 141.05 145.70 161.20 164.3 170.50 

Agricultural soils (Gg N2O) 1.99 1.75 1.29 1.62 1.65 

Agricultural soils (Gg CO2eq.) 615.35 542.50 399.90 502.20 511.50 

Total Gg N2O 2.44 2.22 1.81 2.15 2.20 

Total emissions from agriculture (Gg CO2eq.) 1,035.49 934.11 820.45 943.87 987.55 

The main source of emissions across the years is N2O from agricultural soils, which constitute over 
half of total agricultural emissions, while the remaining sources of emissions are almost equally from 
enteric fermentation (CH4) and from manure management (CH4 and N2O) (Figure 14). 
 

 

Figure 14: GHG emissions by agricultural source (Gg) and contribution (% of total from agriculture) 
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Enteric fermentation 

Enteric fermentation is a major source of emissions within the agricultural sector.  In 2013, it 
constituted 265.44 Gg CO2eq., compared to 241.16 Gg CO2eq. in 2011 and 221.55 Gg CO2eq. in 2006.  
Dairy cattle are the main methane emission source for enteric fermentation, followed by sheep and 
goats (Table 47).   

Table 47:  Methane emissions from enteric fermentation for selected years 

Species 1994 2000 2006 2011 2013 

Dairy Cattle CH4 (Gg) 5.16 3.89 4.39 5.50 6.71 

Non-Dairy Cattle CH4 (Gg) 2.08 1.82 1.58 0.72 0.64 

Sheep CH4 (Gg) 1.21 1.77 1.85 2.25 2.25 

Goats CH4 (Gg) 2.09 2.08 2.42 2.75 2.75 

Camels CH4 (Gg) 0.024 0.02 0.020 0.0092 0.0092 

Horses CH4 (Gg) 0.12 0.064 0.064 0.0047 0.072 

Mules and Asses CH4 (Gg) 0.26 0.197 0.197 0.20 0.2 

Swine CH4 (Gg) 0.052 0.026 0.010 0.0076 0.0053 

Poultry CH4 (Gg) 0.00 0.00 0.00 0.00 0.00 

Total CH4 (Gg) 11.02 9.88 10.55 11.48 12.64 

Total CO2eq. (Gg) 231.42 207.48 221.55 241.16 265.44 

 

Manure management 

In 2013, dairy cattle were also the largest contributor to CH4 emissions from manure management 
(67%). They are followed by non-dairy cattle (9%) and poultry (12%) (Figure 15).  
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Figure 15: Distribution of methane emissions from manure management per selected species 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 species per MMS are presented in 
Table 34.  Mainly, cattle manure is largely managed in solid storage and drylot, whereas sheep and 
goats are distributed between Pasture, Range and Paddock (PRP) and solid storage and drylot.  
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 presented in Table 48 below. Manure managed under 
solid storage and drylot, 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 (Figure 16). Note that emissions from daily spread and from pasture, range and 
paddock are considered under emissions from agricultural soils and therefore not included in the 
calculations of N2O emissions from manure management.  

Table 48: Nitrous oxide emissions from major manure management systems utilized in Lebanon for 
selected years 

 1994 2000 2006 2011 2013 

Anaerobic lagoons N2O (Gg) 0 0.00 0.00 0 0.00 

Liquid systems N2O (Gg) 0 0.00 0.00 0 0.00 

Daily spread          

Solid storage & drylot N2O (Gg) 0.28 0.24 0.26 0.27 0.29 

Pasture range and paddock         

Poultry manure without bedding N2O (Gg) 0.01 0.01 0.02 0.01 0.01 

Poultry manure with bedding N2O (Gg) 0.25 0.22 0.25 0.25 0.25 

Total N2O (Gg) 0.46 0.47 0.52 0.53 0.55 

Total CO2eq. 141.05 147.70 160.20 164.3 170.50 
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Figure 16: Amount of nitrogen (kg N/year) excreted from animals in different manure management 
systems in Lebanon in 2013   

Agricultural soils 

In 2013, 40% of total N2O emissions from soils were due to indirect emissions, while direct emissions 
were 42%, and emissions from grazing (PRP) were 18%. Shares of subcategories from agricultural 
soils emissions remain fairly stable over the years as shown in Table 49. Figure 17 further 
disaggregates direct and indirect emissions into their subcategories for the year 2013. Leaching 
constitutes a much larger fraction (90%) than atmospheric deposition (10%). Leached nitrogen enters 
the groundwater, riparian areas, and rivers where it enhances biogenic production of N2O. Emissions 
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.  

Table 49:  Total emissions from agricultural soils and its subcategories in Lebanon for selected years 

Year Total direct 
emissions 

Total indirect 
emissions 

Emissions from 
animal grazing 

Total N2O 
emissions 
from soils 

Total N2O 
emissions 
from soils 

Gg N2O % total Gg N2O % total Gg N2O % total Gg N2O Gg CO2eq 

1994 0.98 49 0.79 40 0.22 11 1.99 615.35 

2000 0.81 46 0.70 40 0.24 14 1.75 542.50 

2006 0.51 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 
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Figure 17: Contribution of subcategories to direct and indirect emissions from agricultural soils in 
2013 

 Land use, land use change and forestry 2.4

Methodology and activity data 
 
Selection of the appropriate tier level for the land categories and subcategories, non-CO2 gases and 
carbon pools, was mostly based on the resources available for the inventory process. The 
representation of most land-use areas and land conversions was done following the Approach 3 
which is a Tier 3 level methodology used in the selection of activity data. The top-level land 
categories which were considered in the change detection mapping were forest land, cropland, 
grassland, wetlands, settlements and other land. The definitions for these categories according 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 data (Annex IV) was conducted following three 
methodologies depending on the availability and type of country-specific data: 

¶ Approach 3 within Intergovernmental Panel Climate Change Good Practice Guidance 

¶ Surveys and personal communications 

¶ Interpolations and extrapolation  
The abbreviations FF, GG, CC, WW, SS, OO denoted land-use categories undergoing no conversions; 
and the abbreviations LF, LG, LC, LW, LS, LO denoted land conversions to these land-use categories 
(Annex IV). Overall, land categories and subcategories were accounted for in the inventory 
estimation depending on data availability. 
 
Table 50: Land use categories and subcategories, carbon pools and non-CO2 gases accounted for in 
the inventory estimation of the LULUCF sector in Lebanon 
 

Land use 
categories 

Subcategories 
Estimations 
calculated1  

Not Estimated 
(NE)/No activity 
data available 

Assumptions 

Forest land 

Forest land 
remaining forest 
land 

Estimated - - 

Land converted 
to  
Forest land  

Other land converted 
to Forest land through 
afforestation/ 
plantations 

Grassland and 
Cropland 
converted to 
Forest land 

No Settlements 
converted to Forest 
land 

Cropland 

Cropland 
remaining 
Cropland 

Estimated   

Land converted 
to cropland 

- 

Forest land, 
Grassland and 
Other land 
converted to 
Cropland 

No Settlements 
converted to Cropland 

Grassland 

Grassland 
remaining 
Grassland 

Estimated - - 

Land converted 
to Grassland  

 
Cropland, Forest 
land and Other 
land converted to 

No Settlements 
converted to Grassland 
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Land use 
categories 

Subcategories 
Estimations 
calculated1  

Not Estimated 
(NE)/No activity 
data available 

Assumptions 

Grassland 

Wetland 

Wetland 
remaining 
Wetland 

- - 
Estimations not 
required for 
calculation2 

Land converted 
to Wetland  

Grassland converted 
to Wetland 

- 

No Cropland, Forest 
land, Settlements or 
Other lands that are 
converted to Wetlands 

Settlement 

Settlements 
remaining 
Settlement 

  
Estimations not 
required for 
calculation2 

Land converted 
to Settlements  

Forest land, Grassland 
and Cropland 
converted to 
Settlements 

Other land 
converted to 
Settlements 

- 

Other land 

Other land 
remaining Other 
land 

- - 

Typically unmanaged in 
reference to GPG (IPCC, 
2003-p.3.145) 
 

Land converted 
to Other land 

- 

Forest land, 
Grassland and  
Cropland 
converted to 
Other land 

No Settlements 
converted to Other 
land 

1 Estimations are calculated for the following carbon pools and non-CO2 gases depending on data 
availability: AGB, BGB, DOM, litter and soil carbon; CH4, N2O, CO and NOx 
2 Lebanon is considered as non-Annex I 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 variation in soil carbon stocks from the different land use and 
land use change categories which were taken into consideration in this work (Table 51). 

 
Table 51:  Causes of GHG emissions and removals reported for the LULUCF sector in Lebanon 

Biomass losses Biomass increments 
Increase in soil carbon 
stocks and litter 

Forest converted to settlement Growth of forest lands 
 
Growth of croplands 
(Perennial crops) 
 
Growth of lands converted 
to forests or plantations 
(Afforestation) 

Afforestation 

Grassland converted to settlement 

Cropland converted to settlement 

Burned forest lands 

Burned croplands (perennial crops) 

Burned grasslands 

Fuelwood gathering from forests 

 
Almost all burned areas in Lebanon have resulted from human-caused fires. It is not 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 parameters  

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

¶ Tier 1:  IPCC GPG default data or assumptions 

¶ Tier 2: Country-specific data from global databases, literature or 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 1994-2013 is provided in Annex IV. E/R factors were collected or 
calculated (by averages 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 reported and documented in the 
UNFCCC reporting tables. 
 
Results  

In 2013, LULUCF acted as a greenhouse gas sink in Lebanon, with net removals equal to -3,368.86Gg 
CO2 (Table 52). Indeed, [ŜōŀƴƻƴΩǎ ǿƛŘŜ ŦƻǊŜǎǘ ŎƻǾŜǊ ǎǘƛƭƭ represents a significant CO2 sink, although a 
downward trend in sink capacities have been observed in recent years due to deforestation, forest 
fires and most importantly, urbanization.  
 
Table 52: [ŜōŀƴƻƴΩǎ DID ŜƳƛǎǎƛƻƴǎκǊŜƳƻǾŀƭǎ ǎǳƳƳŀǊȅ ŦǊƻƳ ǘƘŜ [¦[¦/C ǎŜŎǘƻǊ ŦƻǊ нлм3 

  

CO2 
emissions 

Gg 

CO2 

removals 
Gg 

CH4 
emissions 

Gg 

N2O 
emissions 

Gg 

Total 
emissions 
Gg CO2 eq. 

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. Settlements remaining 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 from LULUCF 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 mainly driven 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 of interest of owners of cropland, forest land and grassland in keeping 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 for the 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 100 m2. This was mainly 

due to the spatial resolution of the employed satellite imagery. Counting the changes that are 

below 90 m2 can slightly increase the total areas of conversion to settlement.   

Table 53: Changes in emissions/removals in 2013  

Type of change  Change in area (ha) CO2 emissions/removals (Gg) 

Forest to 
settlements  

Coniferous 48.62 +11.94 

Broadleaf 258.75 +57.87 

Mixed 49.56 +11.63 

Cropland to 
settlements  

Perennial 265.25 +61.27 

Annual 329.37 +6.04 

Grassland to settlements  296.687 +0.87 

Fuelwood gathering (m
3
) 18,769 m

3
 +26.8 

Forest land remaining forest land (difference 
between 2012 and 2013) -356.94 

+3.15 

Afforestation (Cumulative) 3,597.56 -86.20 

 
Further observations showed that broadleaf forests were the most affected 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 areas. 
 
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 settlements might 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 agricultural 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 total estimate for fuelwood gathering in 2013 was 18,769 m3, a quite constant number over the 
inventory time period resulting in an average CO2 emission of about 27 Gg/yr. Moreover, a decrease 
of 0.14% in forest lands from 2012 was shown in 2013, which is was mainly attributed to 
urbanization resulting in a decrease in CO2 removals 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 CO2 

removal of 86.20 Gg in 2013.  
 
The main source of GHG emissions in 2013 was wildfires affecting forest land, cropland and 
grassland, with forest lands being the main target of these fires (Table 54).   
 
Table 54: Emissions from burned areas in 2013 

Type  Burned areas  (ha) CO2 emissions (Gg) CH4 emissions (Gg) N2O emissions (Gg) 

Forest  

Coniferous 4.75 +0.68 

+0.01066 +0.00013 Broadleaf 44.25 +5.79 

Mixed 78.56 +10.78 

Cropland
1
  

Annual  NE NE NE NE 

Perennial 9.56 +2.20 NE NE 

Grassland
2
  37.88 NE +0.00028 +0.00001 

1
CH4 and N2O emissions from croplands are not accounted for in the GPG for LULUCF since the source of these types of emissions are 

mainly agricultural activities (fertilization, livestock, burning, etc.). These are included in the agricultural sector. 
 
2
CO2 emissions from burned grasslands are not accounted for in Tier 1 of the IPCC GPG for LULUCF, since it is assumed that there is a 

balance in biomass stocks of grasslands. Burned lands are only calculated for perennial crops. 

 
In 2013, forests followed by croplands had the largest contribution to CO2 emissions/removals in the 
LULUCF sector in Lebanon (Figure 18). 
 

 

Figure 18: CO2 emissions/removals by category in 2013.  

Table 55 shows for selected years a summary of the total CO2 and non-CO2 emissions/removals in Gg 
CO2 equivalent from the LULUCF sector.  
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Table 55Υ [ŜōŀƴƻƴΩǎ DID emissions/removals 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 

CO2 (Gg) -3450.84 -3221.29 -3303.30 -3218.00 -3369.12 

CH4 (Gg) NE 0.03 0.04 0.04 0.01094 

CH4 (Gg CO2 eq.) NE 0.57 0.74 0.81 0.22974 

N2O (Gg) NE 0.00 0.00 0.00 0.00014 

N2O (Gg CO2 eq.) NE 0.11 0.14 0.16 0.0434 

NOx (Gg) NE 0.00 0.00 0.01 0.00149 

CO (Gg) NE 0.41 0.52 0.59 0.16316 

Total emissions (Gg CO2 
eq.) 

NE
 

0.68 0.88 0.97 0.2731 

Total removals (Gg CO2) -3450.84 -3221.29 -3303.30 -3218.00 -3369.12 

Net GHG removals (Gg 
CO2 eq.) 

-3450.84 -3220.61 -3302.42 -3217.03 -3368.85 

*
NE: Not Estimated. No activity data about burned areas from 1994-1998 resulting in no data about total emissions during 

this period. 

 Waste and wastewater 2.5

Methodology 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Lt// ƎǳƛŘŜƭƛƴŜǎΣ ǘƘŜ ǎƻǳǊŎŜ ŎŀǘŜƎƻǊȅ άǿŀǎǘŜέ ŎƻǾŜǊǎ ŜƳƛǎǎƛƻƴ ŦǊƻƳ ŘƛǎǇƻǎŀƭ ŀƴŘ 
discharge of both solid waste and wastewater, while differentiating between the various 
management options. The fundamental basis for the inventory methodology rests upon three 
assumptions: 

1. The flux of methane (CH4) to the atmosphere is assumed to be equal to the sum of emissions 
from solid waste disposal sites and wastewater treatment, and emissions from waste 
incineration (considered to be negligible). 

2. The flux of nitrous oxide (N2O) to the atmosphere is assumed to be equal to the sum of emissions 
from wastewater treatment and emissions from waste incineration. 

3. Carbon dioxide (CO2) can be estimated 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 emissions calculations.  
 
 

Activity data ςSolid waste  

Data on solid waste generation is not readily available and where available, information is 
disaggregated (by site, operator, local authority, etc.), 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 direct weighing and monitoring of collected solid waste from households and institutions. 
Surveys and assessment conducted for the years 1994 (El Fadel and  Sbayti, 2000), 2006 (CDR, 2006), 
and 2010 (MoE, 2010) produced generation rates for these respective years.  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 operator) 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 tonnes/day, compared to 2000 tons/day back in year 1999 (SWEEP-net, 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 population statistics, waste statistics, review of literature made available through national 
reports and publications and personal communication. In addition, expert consultation meetings 
were held in order to validate assumptions and findings. Extrapolations and interpolations were used 
when data was unavailable.   

 
Table 56: Activity data for solid waste emissions calculations  
 

Population 

Population includes: 
- Lebanese residents in 2013 was extrapolated from published surveys from CAS 

for the years 1997, 2004 and 2010  
- Foreign workers (Approx. 840,000 in 2013) as per CAS  
- Palestinian refugees (calculated as 441,000 in 2013) as per the United Nations 

Relief and Works Agency  
- Syrian displaced starting 2012 were retrieved from official yearly publicationsby 

the  UNHCR (UNHCR, 2013) 
 
Interpolation and extrapolation were performed using a growth rate of 1.65% as 
commonly used in studies for World Bank (World Bank, 2011; SWEEP-Net, 2010). 
 

Per capita waste 
generation rate 

The generation rate for the Lebanese population, including foreign workers and 
Palestinian refugees, was extrapolated based on publications issued for the years 1994 
(El Fadel and Sbayti, 2000), 2006 (CDR, 2006), and 2010 (MoE, 2010). For other years, 
rates were calculated by extrapolation and interpolation. The generation rate used for 
Syrian displaced was adapted from Lebanon Environmental Assessment of the Syrian 
Conflict.  
 
The waste generation rate for the Lebanese population (including foreign workers and 
Palestinian refugees) is 1.05. The rate for Syrian displaced varies between 0.47 for the 
bekaa region, 0.5 for the south, 0.51 for the north and 0.53 for Beirut and Mount 
Lebanon (MoE/EU/UNDP, 2014).  
 

Municipal solid 
waste generation 

Waste generation for the years 1994 through 2013 ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ άǇŜǊ 
ŎŀǇƛǘŀ ǿŀǎǘŜ ƎŜƴŜǊŀǘƛƻƴ ǊŀǘŜέ όǘƻƴƴŜǎκŎŀǇƛǘŀκȅŜŀǊύ ŀƴŘ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ όŎŀǇƛǘŀ and 
refugees) for each year respectively. 
 

Municipal solid 
waste disposed in 
Solid Waste 
Disposal Sites 
(SWDS) 

4 άƳŀƴŀƎŜŘέ {ƻƭƛŘ ²ŀǎǘŜ 5ƛǎǇƻǎŀƭ {ƛǘŜǎ ό{²5{ύ are considered in Lebanon: Naameh 
,Zahle ,Tripoli and as of 2013, Saida. 3 other landfills in Minieh, Nabatieh and Baalbeck 
have partially received waste during 2013, 2014 and 2015. 
 
Information on the waste quantities landfilled/dumped in these sites was retrieved from 
the managing entities of these landfills:  LACECO reports for the Naameh Landfill, Moores 
for the Zahle landfill, BATCO for Tripoli landfill, Sidon Environmental for Saida and 
OMSAR for Minieh, Baalbeck and Nabatieh.    
 
Waste quantities generated by Syrian displaced were adapted from Lebanon 
Environmental Assessment of the Syrian Conflict (MoE/EU/UNDP, 2014). 
 

Open dumpsites In 2011, a detailed survey was conducted on dumpsites in Lebanon (MoE, UNDP, ELARD, 
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2011). The study was used as a basis for analysis on the status of dumpsites in Lebanon 
and for emission factors estimations in 2013. 

Percentage of 
treatment 
(composted, 
recycled, reused) 

The information provided by personal communications with the MoE on the operational 
solid waste treatment facility was the base for calculating the percentage of waste 
composted, recycled and reused (MoE, 2017c). 

Health care waste 
(HCW) 

The portion of HCW incinerated was retrieved from MoE and extrapolated for the period 
1994-2013. Autoclaving conducted by Arcenciel and specifically operations as of the year 
2003 significantly reduced the amount of waste incinerated. It should be highlighted 
however that incineration is still conducted at various medical establishments without 
permits or monitoring. 
 

Quantity of 
recovered gas  

The information of recovered gas in the operational landfills was provided from the 
ǎǳǇŜǊǾƛǎƛƴƎ ŎƻƴǎǳƭǘŀƴǘǎΩ ǊŜǇƻǊǘǎ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ƭŀƴŘŦƛƭƭǎ ǘƘǊƻǳƎƘ aƻ9. 
Only methane recovered from the Naameh landfill have been considered in this 
inventory. 
 

Exported 
quantities  

Quantities of waste exported are minimal and are mainly composed of hazardous 
material. These amounts have not been taken into account in the calculation of CH4 

emissions from waste disposal mainly due to their composition. 

Table 57: Main data collected and computed for solid waste 

 
 

 

 

 

 

 

 

Table 58: Solid waste generation and disposal considered for Syrian Displaced for the year 2013 
 

Mohafaza 

Registered 
Syrian 
Displaced

1
 

Solid waste 
Generation rate 
(kg/refugee/day) 

Solid waste 
generation (kg/year) 

Solid waste disposal 
(tonnes/year) 

Beirut ML 223,249 0.53 43,187,519 43,187.52 Naameh landfill 

North 
  

250,128 
 

0.51 
 

46,561,327 
 

12,571.56 Tripoli landfil
l2
 

33,989.77 Open dumps 

Bekaa 
  

280,110 
 

0.47 
 

48,052,871 
- 

24,026.44 Zahleh landfill
3
 

24,026.44 Open dumps 

South  105,154 0.5 19,190,605 19,190.61 Open dumps 

Total  858,641 
 

156,992,322 
  

1
 Including Syrian displaced, Palestine Refugees from Syrian and returning Lebanese  

2 Tripoli landfill receives 27% of the waste generated in North Lebanon. The remaining quantities are disposed of in open 
dumps  
3 Zahleh Landfill receives 50% of the waste generated in the Bekaa. The remaining quantities are disposed of in open 
dumps.   

Source| adapted from MoE/EU/UNDP, 2014 

 

Year Population 

Waste 
generation 
rate 
(kg/cap/d) 

Total waste 
generated 
(Gg/yr) 

Quantity of 
recovered 
CH4 (Gg) 

% 
deposited 
in SWDS 

% recycled 
reused 
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
1
 0.47-1.05 2,177.72 18.14 83% 17% 

1
 This includes 5,272,613 as Lebanese population and 858,641 as Syrian displaced  
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The calculation of methane generated from solid waste disposal sites based on the use of the 
Methane Correction Factor (MCF) available by the IPCC (IPCC, 2007) taking into account the different 
SWDS categories. Naameh, Tripoli, Zahleh and Saida landfills are categorized as Managed, with an 
MCF of 1. The 504 unmanaged dumpsites are classified between deep and shallow, as per the data 
available by MoE/UNDP/ELARD (2011). It is worth noting that some dumpsites were classified as 
ǎƘŀƭƭƻǿ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŘŜǎǇƛǘŜ ƘŀǾƛƴƎ ŀ ŘŜǇǘƘ ƻŦ җ р Ƴ ǎƛƴŎe they were reported to be regularly on fire, 
thus losing potential methane generation. Total amounts of waste received by the different managed 
and unmanaged classes are presented in Table 59 and Table 60. 

Table 59: Description of SWDS categories 

SWDS Category MCF Description 

Managed 1 

- Sufficient depth 
- High compaction with suitable equipment 
- Properly designed and well-operated leachate and storm water systems 
- Proper site management with no scavenging at the operational area  
- Control of incoming waste types and quantities and environmental 

monitoring schemes established 
- Frequent surface covering 
- Prevention of landfill fires, litter and scavenging animals  
- Gas control and extraction/recovery 

Unmanaged ς deep 
όҗ р Ƴ ǿŀǎǘŜύ 

0.8 

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

Unmanaged ς shallow 
(< 5 m waste) 

0.4 

- Poor and light operational equipment  
- Scavenging by people and animals 
- Aerobic degradation conditions in substantial or all parts of the sites,  
- Frequent fires, often used deliberately and systematically mainly to reduce 
ǾƻƭǳƳŜǎ ŀƴŘ ǘƻ άƎŜǘ ǊƛŘ ƻŦέ ǘƘŜ {² 

Source| IPCC, 2007 

Table 60: Proportion of waste received by each category of unmanaged sites 

 Proportion of waste (by weight) for each type of SWDSs 
1
 

Year  Managed Unmanaged ς ŘŜŜǇ όҗр Ƴ ǿŀǎǘŜύ 
Unmanaged ς shallow (< 5 m waste or 
>=5 m with open burning) 

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 
1 

it is considered that 31% of open dumpsites are unmanaged-deep and 69% are unmanaged-shallow (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 2017. The inventory updated the amount of health 
care waste being incinerated since 2004 based on a field survey with hospitals, which necessitated 
the recalculation of CO2 emissions from waste incineration to preserve a time-series consistency. 

Table 61: Quantities of medical waste being incinerated 

 2004 2006 2009 2011 2013 

Medical waste (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 adopted from other publications.  
 

Table 62: Activity data and assumptions made for wastewater emissions calculations 

Wastewater 
quantities  

Wastewater quantities are estimated based on the degradable organic content (kg BOD/1000 
persons) of the Lebanese population. Calculations take into account Syrian displaced located in 
Lebanon, where it is assumed that the same wastewater discharge practices are adopted.  

Wastewater 
management  

There is no large-size wastewater treatment plan (WWTP) that is currently operational in 
Lebanon. Some small size rural WWTPs are reported to be partially operational and/or their 
efficiency questioned.  These are therefore not considered in this inventory. 

Wastewater 
discharge 

The discharge media of wastewater considers only three options: river discharge, septic tank and 
ǎŜŀΦ 5ƛǎŎƘŀǊƎŜ ǇŜǊŎŜƴǘŀƎŜǎ ǿŜǊŜ ŎƻƳǇǳǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƘƻǳǎŜƘƻƭŘǎΩ ǎŜǿŜǊŀƎŜ 
connections onto the networks vs. connections to septic tanks as published by CAS in 2009. This 
was complemented by overlaying GIS layers showing population data in various regions in 
Lebanon to calculate the percentage of the wastewater discharged in the different media. It is 
assumed that the inside regions in Lebanon (Bekaa) discharge into rivers and/or septic tanks and 
coastal zones discharge into sea and/or septic tanks. 

Industrial 
Wastewater 

In Lebanon, quantities of industrial wastewater generated from the industrial sector are not 
available. Relevant studies estimate it as 20% of municipal wastewater generation, which is also 
the assumption made for this inventory (MoEW, 2010a) 

Industrial wastewater is generally discharged either in sewers that release wastewater directly in 
the sea without treatment or directly in rivers. Therefore, and based on the geographic 
distribution of industries between coastal and inland area, it is considered in this inventory that 
85% of industrial wastewater is discharged in the sea and 15% in rivers (MoInd, 2015) 

Since there is limited information on the wastewater generation per type of industry, its Chemical 
Organic Demand content could not be determined.  Therefore, the degradable organic 
component of municipal wastewater is used.  

 

Table 63: Specific data for wastewater 

Year Population 

Degradable 
Organic 
Component 
(kg 
BOD/1000 
Pers) 

Total Organic 
Wastewater 
generated 
(kg BOD/yr)) 

Wastewater 
generation incl. 
industrial 

3 

(kg BOD/yr) 

Discharge 
in Rivers 
(%) 

Discharge in 
septic tanks 
(%) 

Discharge 
in sea (%) 

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
1
 23700

2  145,310,711   174,372,853 0.09 0.28 0.63 
1
 This includes 5,272,613 as Lebanese population and 858,641 as Syrian displaced (UNHCR, 2013) 

2
 considered to be the same for Lebanese population and Syrian displaced 

3 
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 is the IPCC (2000) considering the unavailability of country 
specific and site-specific data.  
 
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 the guidelines. These 
parameters were discussed and validated during the expert consultation meeting.  
 
Based on the recommendations of the inventory review of the first BUR, the fraction of degradable 
organic carbon (DOC) which actually degrades (DOCf) used for Lebanon was 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.  

Table 64: Parameters 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 CH4 (%) 50 

CH4 oxidation correction factor (%) 0 
Source | IPCC, 2000 

Table 65: Methane correction factor from SWDS 

Type of site CH4 correction factor 

Managed 1.0 

Unmanaged ς deep (>= 5 m waste) 0.8 

Unmanaged ς shallow (< 5 m waste) 0.4 
Source | IPCC, 2000 

Table 66: Incineration default values considered for HCW and municipal waste 

 

 

 

 

 

 

 

Table 67: Wastewater parameters and conversion factors 

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 95 (IPCC, 2000) 

CH4 Emission Factor (EF) (%) 0 0  

N2O emission factor  
(kg N2O/Gg waste (dry)) 

400 0 
(CDR, Ramboll, 2012)  

Parameters Value Source 

Degradable organic component (kg Biological Oxygen 
Demand (BOD)/1000pr/yr) 

23,700 Expert judgment 

Fraction of degradable organic component removed as 
sludge (%) 

0 Expert judgment 

CH4 conversion factor for river discharge (0 to 1)  0.1 Expert judgment 

CH4 conversion factor for septic tank (0 to 1) 0.3 Expert judgment 

CH4 conversion factor for sea (0 to 1) 0.2 Expert judgment 



Lebanonôs Second Biennial Update Report to the UNFCCC 

65 
 

 

 

 

 

Table 68: Wastewater methane emission factor for commercial and domestic wastewater 

Wastewater                           
Handling                           
System 

Fraction of                      
Wastewater                  

Treated by the                            
Handling  

Methane                
Conversion                                    

Factor for the                          
Handling  

Product Maximum                  
Methane                     
Producing                    
Capacity 

Emission Factor for                               
Domestic/Commercial                                  

Wastewater 

  System System    (kg CH4/kg BOD) (kg CH4/kg BOD) 

River Discharge 0.09 0.1 0.01     

Septic Tank 0.28 0.3 0.08     

Sea 0.63 0.2 0.13     

    
Aggregate               
MCF: 

0.22 0.6 0.13 

Table 69: Wastewater methane emission factor for commercial and domestic wastewater 

Wastewater                           
Handling                           
System 

Fraction of                      
Wastewater                  

Treated by the                            
Handling  

Methane                
Conversion                                    

Factor for the                          
Handling  

Product Maximum                  
Methane                     
Producing                    
Capacity 

Emission Factor for                               
Domestic/Commercial                                  

Wastewater 

  System System    (kg CH4/kg BOD) (kg CH4/kg BOD) 

River Discharge 0.15 0.1 0.02 
 

  

Sea 0.85 0.2 0.17 
 

  

    
Aggregate               
MCF: 

0.19 0.6 0.11 

Table 70: Parameters used for N2O emissions calculation 

Parameters Values Source 

Per capita protein consumption (protein in kg/person/yr)  25 to 30 
Food and Agriculture 
Organization (FAO) reports for 
the years 1990-2007 

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 N2O-N/kg sewage-N produced) 0.005 (IPCC, 1997) 

 

Results  

In 2013, activities related to the generation and treatment of solid waste and wastewater emitted 
1,826.7 Gg CO2eq., thus contributing to 7҈ ƻŦ [ŜōŀƴƻƴΩǎ ǘƻǘŀƭ DID ŜƳƛǎǎƛƻƴǎΦ CH4 emissions are 
mainly generated from solid waste disposal, N2O emissions from the discharge of wastewater 
effluents into aquatic environments, while CO2 gases are mainly emitted from the health care waste 
incineration.  
 

 

 

 

Maximum CH4 producing capacity (kg CH4/kg BOD) 0.6 (IPCC, 2007) 

EF (kg CH4 / kg BOD) for treatment system  - (No treatment considered) 

CH4 recovered or flared (%) 0  

Organic content loading kg BOD/1000pr/yr)
1
 23,700  

1
 This was used as the degradable organic component of the wastewater, equivalent to around 65 g of BOD per 

liter of wastewater based on the design of treatment plants in Lebanon. 
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Table 71: Greenhouse gas emissions from solid waste and wastewater per gas in 2013 

 
CO2 

 
CH4 

 
N2O 

 
Total CO2eq. 

 Gg Gg Gg CO2eq. Gg Gg CO2eq. Gg CO2eq. 

Solid waste* 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 that GHG emissions are highly dependent on emissions from solid 
waste generation and management activities, constituting more that 80% ƻŦ ǘƘŜ ǎŜŎǘƻǊΩs emissions. 
CH4 is the main greenhouse gas emitted by these activities due to high proportion of waste being 
disposed in dumpsites coupled to low methane recovery rates. As for the CO2 emissions from 
incineration, they are insignificant compared to emissions from other disposal methods since 
autoclaving has become the most used method for treating health care waste in Lebanon.  Emissions 
of N2O are mainly linked to wastewater generation and disposal, whether it is discharged in rivers, 
sea or septic tanks.  

 Key category analysis  3

Key category analysis is performed in accordance with GPG 2000 and GPG-LULUCF 2003 guidelines. 
Key categories under the guidelines are sectors whose emissions when summed in descending order 
of magnitude, add up to 95% of total greenhouse gas emissions. 8 categories have been identified as 
key in the analysis, with CO2 being the main gas and the energy sector being the main key category.  
Key categories have remained the same throughout the 1994- 2013 period. The results of key 
category analysis are shown in Table 72. 

Table 72: Key category analysis for 2013 

Sector Source categories GHG 
Emission estimate  

 (Gg CO2eq.) 
Level assessment 

(%) 
Cumulative total 

(%) 

Energy 
CO2 mobile combustion: energy 
industries 

CO2 7,367.39 28.05% 28.05% 

Energy 
CO2 mobile combustion: road 
vehicles 

CO2 5,977.51 22.76% 50.80% 

Energy 
CO2 emissions from manufacturing 
industries and construction 

CO2 4,403.84 16.76% 67.57% 

Industrial 
processes 

CO2 emissions from cement 
production 

CO2 2,539.54 9.67% 77.23% 

Energy Other sectors: commercial CO2 CO2 2,234.11 8.50% 85.74% 

Waste 
CH4 emissions from solid waste 
disposal sites 

CH4 1,279.14 4.87% 90.61% 

Energy Other sectors: residential CO2 CO2 5,46.20 2.08% 92.69% 

Agriculture 
N2O (direct and indirect) emissions 
from agricultural soils 

N2O 511.50 1.95% 94.63% 

 Trend analysis 4

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 emission factors, the inventory has gone 

through 2 recalculation exercises: one for the Third National Communication (TNC) which resulted in 

changes in the transport, agriculture, and waste sectors and one for this second BUR which mainly 

affected the results of the waste sectorΩǎ ŜƳƛǎǎƛƻƴǎ. The GHG emissions for the period 1994-2013 

have therefore changed twice, reducing emissions by 3% to 5.5% across period, hence modifying 

[ŜōŀƴƻƴΩǎ ōǳǎƛƴŜǎǎ-as-usual emission trajectory. Table 73 and Table 74 present the changes in 

emissions caused by recalculations and Annex V provides additional details on sectoral 

recalculations.  

Table 73: Changes in national emissions after recalculation  

Year  Emissions 
reported in TNC 
(Gg CO2 eq.) 

Emissions 
reported in 
BURII 
(Gg CO2 eq.) 

Percent change  

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% 

Table 74: Changes in emissions of the year 1994 after recalculations  

Emissions 
(Gg CO2eq.) 

1994 1994 recalculated 
in BURI 

1994 recalculated 
in BUR II 

Reasons for recalculation  

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

Transport 3,991 1,571 1,577 Change from tier 1 to tier 2 methodology 
Addition of GHG emissions from 
domestic aviation  

Industrial 
processes 

1,924 1,924 1,924  

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

LULUCF 210 210 
-3,450 

54 
-3,450 

Change from approach 1 to approach 3 
methodology 
  

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

Total 15,900 13,947 13,186  

Table 75: Trend of emissions during the period 1994-2013 

 Total GHG 
emissions 

(Gg CO2eq.) 

Energy 
(Gg CO2eq.) 

Transport 
(Gg 

CO2eq.) 

Industry 
(Gg 

CO2eq.) 

Agriculture 
(Gg CO2eq.) 

Land Use 
and 

Forestry 
(Gg 

CO2eq.) 

Waste 
(Gg 

CO2eq.) 

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  
1994-2013 

99% 87% 291% 32% -5% -2% 140% 


















































































































































































