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The findings, interpretations and conclusions expressed in this report are those of the authors and do not necessarily
represent those of the Ministry of Environment or the European Delegation in Lebanon or the United Nations Develop-
ment Programme. The Ministry of Environment does not guarantee the accuracy of the data included in this report.
The boundaries, colors, denominations, and other information shown on maps and images in this work do not imply
any judgment on the part of the Ministry of Environment concerning the legal status of any territory or the endorse-
ment or acceptance of such boundaries. The Ministry of Environment, the European Delegation in Lebanon and the
United Nations Development Programme assume no responsibility of any kind for the use that may be made of the
information contained in this report.



PREFACE

Lebanon is the smallest country of the region surrounding Syria. With an area of 10,452 square kilometres (km?2),
Lebanon is 10 times smaller than Jordan, 43 times smaller than Irag, and 78 times smaller than Turkey. Yet, in May
2014, Lebanon hosted almost 37 percent of the region’s Syrian refugees.

While the Lebanese Government is aware of the dramatic consequences of this massive influx of Syrian refugees in
the past two years, the humanitarian situation does not allow restricting the entry of Syrian refugees to Lebanon.
However, as the conflict in Syria remains unsolved, the current trend in the increase of Lebanon’s population, from
1.4 million additional people in May 2014 to an estimated 1.8 million additional people by December 2014, cannot
be sustained. For a small country, with a population of 4 million, these are alarming figures. Lebanon is ringing the
alarm bell on all fronts: social, economic, and environmental.

The impacts of the Syrian conflict have been a priority issue on the Lebanese government’s agenda. A ministerial com-
mittee presided by Prime Minister Salam is actively seeking ways to respond to the needs of the refugees and hosting
communities. The government is also closely collaborating with international organizations and donors who are in
the field and who are deploying tremendous efforts on Lebanese soil to support Lebanon in facing the challenges of
this situation.

While Lebanon has received support, though limited, to face the social and economic challenges resulting from the
Syrian conflict, this report flags the extent to which the environmental crisis resulting from the Syrian conflict remains
underestimated. Lebanon is indeed facing its bigger challenge with regards to the environmental pressure resulting
from the Syrian conflict.

As long as the environmental problems remain unaccounted for, finding solutions will not be flagged as a top priority
of the Lebanese government and of the international community alike. Thus, this assessment aims at highlighting the
extent of damage and degradation occurring across many environmental sectors.

This report is a call for urgent action—to safeguard Lebanon’s fragile natural resources and ecosystems—so that
Lebanon will be able to preserve its rich and diverse natural, social, cultural, and political heritage.

By supporting the Ministry of Environment in conducting this assessment, the European Union and the United Na-
tions Development Programme have confirmed the level of damage facing the environment in Lebanon and indicated
the way forward for responding to the environmental crisis.

The Ministry of Environment is now calling upon all concerned stakeholders to join hands to remedy the environmen-
tal situation and ensure that intervention strategies and actions for the humanitarian response to the Syrian conflict
have fully integrated environmental considerations.

H.E. Minister Mohamad Al Mashnouk

Minister of Environment
Beirut, 18 August 2014
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EXECUTIVE SUMMARY

Current status of refugees resulting from the Syrian conflict in Lebanon

Since the start of the Syrian conflict in 2011, Lebanon has witnessed a massive influx of refugees. According to the
United Nations High Commissioner for Refugees (UNHCR), on 31 May 2014, the total number of Syrian refugees in
Lebanon was equivalent to 1,087,814 (including those which are registered and those awaiting registration). This
number constituted around 37 percent of the total number of the 2.7 million Syrian refugees recorded across the
region on the same date.

When the remaining refugees from the Syrian conflict are taken into account (unregistered Syrian refugees residing
in Lebanon, Palestinian Refugees from Syria (PRS) and Lebanese returnees from Syria), the total number of refugees
in May 2014 becomes equivalent to 1,403,718 persons, which constitutes 28.9 percent of Lebanon’s pre-conflict
population estimated at around four million persons in 1997. The projected increase of the number of refugees in
Lebanon resulting from the Syrian conflict is 1,835,000 refugees by end of December 2014. This increase reflects
an accelerated growth in the Lebanese population which was not expected until 2041 and leads to a heavy burden
on already fragile environmental resources in Lebanon. Hence, it becomes imperative to measure the impact of this
demographic change and its pressure on the environment, namely in the areas of solid waste, water and wastewater,
air quality, land use and ecosystems.

Lebanon’s response for stabilization from the Syrian conflict

Efforts to coordinate the humanitarian response in Lebanon have been deployed at central, local and interagency
levels. The Prime Minister’s Decision no.146/2013 (amended respectively by Decisions no. 72/2014 and no. 75/2014)
established a committee to prepare an assessment of the needs for the humanitarian response for the refugees and
the hosting communities, addressing in particular developmental aspects. Humanitarian response and coordination
efforts are jointly led by the Prime Minister's Office, the Ministry of Social Affairs (MOSA) and UNHCR.

In November 2013, the Government of Lebanon with the support of the World Bank and the United Nations prepared
the “Lebanon Roadmap of Priority Interventions for Stabilization from the Syrian Conflict” based on the “Economic
and Social Impact Assessment of the Syrian Conflict” which was also prepared by the World Bank and the United
Nations in September 2013. The Roadmap included a preliminary set of priority interventions intended to contribute
towards qualitatively and quantitatively alleviating the impact of the Syrian conflict on Lebanon. While the Roadmap
includes some environmental considerations linked to service delivery, it adopts social and economic aspects as the
main drive for analysis and costing of interventions for stabilizing the Syrian conflict.

Rationale and methodology of the Environmental Assessment of the Syrian Conflict on Lebanon

The Ministry of Environment (MOE) established “An Internal Committee for the Assessment of the Environmental Im-
pact of the Syrian Refugees in Lebanon”, presided by the Minister of Environment (Ministerial decision 50/1 dated 3
April 2014). This committee called upon the European Union (EU) (through the EU-funded programme at MOE “Sup-
port to Reforms - Environmental Governance” - StREG) and the United Nations Development Programme (UNDP) to
support in conducting an environmental assessment of the Syrian conflict and determine priority interventions that
would complement the “Lebanon Roadmap of Priority Interventions for Stabilization from the Syrian Conflict”.

The environmental assessment presented in this report highlights the already fragile state of Lebanon’s natural envi-
ronment and sheds light on its rapid deterioration given the dramatic increase in population and the nature of the



refugee crisis. This report proposes both field and policy measures that could be integrated within the humanitarian
response and within longer-term interventions. The proposed interventions would improve the living conditions of
Lebanese communities and Syrian refugees while being sustainable, equitable and in line with national policies.

The assessment was conducted between May and July 2014. The baseline years used to determine the environmental
pre-crisis situation were 2010 or 2011 (depending on data available in each sector). The assessment is based on a
projected refugees’ population of 1,835,000 in December 2014. As such, the report determines the impact of the
Syrian conflict in the year 2014 and does not account for the cumulative impacts since the onset of the conflict. The
assessment looks at four impacted areas: solid waste, water and wastewater, air pollution, and land-use and ecosys-
tems. A pre-crisis overview is presented for each area followed by an incremental impact assessment of the Syrian
conflict on the specific area. Environmental Management Plans (EMP) are proposed for each of the four areas along
with recommendations of priority interventions by time frame. Special consideration is given to priority geographical
areas that host the largest number of refugees.

The Environmental Management Plans (EMPs) follow the guidance provided in the Decrees n0.8213/2012 and 8633/
2012 for establishing an EMP as part of the Environmental Assessment process. An EMP by definition is used to
formulate and monitor environmental protection measures for the implementation of any project. It includes envi-
ronmental safeguards and mitigation measures.

Accordingly, the EMPs presented in this assessment aim at providing guidance on how to better integrate environ-
mental considerations in all measures being proposed to stabilize the Syrian conflict in Lebanon.

The EMPs include mitigation measures at short-, medium- and/or long-terms, their costs, and key stakeholders con-
cerned with their implementation. Where applicable, each mitigation measure presents three forms of interventions:
technical support (including infrastructural works), environmental monitoring and capacity development (including
legislation, policy, awareness raising, information management, training, other).

For the sectors of solid waste, water and wastewater, and air quality, the EMPs are in line (to a certain extent) with the
interventions suggested in the Roadmap. More specifically, the mitigation measures of the EMPs complement those
of the Roadmap through a set of proposed environmental actions, which are considered fundamental to ensure the
sustainability of the proposed measures.

SOLID WASTE MANAGEMENT

Impact of the Syrian Conflict on Solid Waste Management

The report has estimated that the incremental daily quantity of Municipal Solid Waste (MSW) attributed to refugees is
expected to reach 324,568 tons per year (t/y) by end of 2014. This incremental annual waste generated by refugees
is significant and is equivalent to 15.7 percent of the solid waste generated by Lebanese citizens prior to the crisis.
The highest incremental quantity of solid waste generated by refugees is recorded in Mount Lebanon (Baabda, Matn,
Aaley and Chouf), Zahle, Baalbeck, Akkar, Tripoli, Minieh, and West Bekaa where the highest numbers of refugees
are present and in areas with the highest numbers of informal Tented Settlements (ITSs) (except for Beirut and Mount
Lebanon). The incremental cost for managing and disposing of the waste generated by the refugees in 2014 was
estimated to be around 24MUSD/year based on the waste management system in-place.

The report has provided detailed analysis on the following key impacts on solid waste management:

¢ Overstressing of existing SWM infrastructure. The report indicated that 48 percent of the incremental quan-
tities of MSW generated by refugees is being managed within the existing infrastructure, leading to noticeable
overstressing in existing or newly constructed SWM facilities (such as Naameh, Tripoli, Zahle, Ain Baal, Minieh)
whereby design capacities are no longer adequate to treat and dispose of the generated waste. The burden on
municipalities is clearly visible in terms of increase in the spending on SWM by municipalities from the national
treasury; it increased by 11 percent between 2011 and 2012 and by 40 percent between 2012 and 2013.
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¢ Increased pollution of surface - —_— =
and ground water. A prioriti- N
zation decision tool through GIS I
modelling was used to produce a
hot spot map based on risk sensitiv-
ity assessment in relation to incre-
mental waste quantities deposited
in dumps (Map 2.2). The analysis
indicated that sites with the high-
est impact on surface water pollu-
tion include Srar, Fnaydek and Ad-
weh in the North, Baalbeck, Barr
Elias, Qabb Elias and Machghara in
the Bekaa and Ras el Ain and Qana
in the South. The sites with the
highest impact on groundwater
contamination are those located in
areas with the highest soil infiltra-
tion rates or in areas where faults
are densely present. These include
Srar, Berkayel, Adweh, Kfarzaina
and Hamat in the North, Baal-
beck, Taalbaya, Saadnayel, Barr
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Map 2.2 Hot spot map for MSW impacts on surface and
ground water

¢ Increase in open dumping and open burning. The remaining 52 percent incremental quantity of MSW is dis-
posed of in existing open dumps, thus leading to increased contamination of land and soil in addition to surface
and groundwater pollution.

¢ Deterioration of health and safety conditions around dumpsites. The report has indicated increased risks
for health and safety around dumpsites as they become insect and rodent breeding grounds that would transmit
vector-borne diseases. During winter, stagnant water ponds found on such sites also increase the likelihood of
vector-borne disease transmission. The most associated health risks are: eye irritation, tuberculosis, diarrhea,
typhoid, dysentery, coughing, and scabies.

¢ Increased risks from health care waste. The assessment has indicated an increase of 420 t/y of infectious
waste by end 2014, of which it is estimated that 18% (116.8 t/y) is being disposed of in the environment without
any treatment. This is observed in hospitals across the country mainly in Tyre, Nabatiyeh, Bent Jbeil, Marjeyoun,
Tripoli, and Hermel. Such improper management of medical waste causes serious environmental problems in
terms of air, water and land pollution and the spread of diseases (tuberculosis, HIV, hepatitis B and C) and cyto-
toxic drugs in the environment.



Summary EMP to mitigate the environmental impacts of the Syrian conflict on solid waste
management in Lebanon

Capital cost O&M costs
Potential Impacts Potential Mitigation Measures i Time frame
(MUSD) (MUSD/year)

1.1 Provide additional waste collection

bins and trucks to host communities in

accordance to the distribution of refugees 17.4 0.8 Short-term
Ylinereasad littering and the incremental quantity of waste

generated by caza.

1.2 Reduce packaging of food items to

P J . g o 0.2 Short-term

reduce waste quantities and littering.

2. Opportunity loss . L
. 2.1 Implement recycling activities in areas
from recycling 0.4 Short-term
. where refugees are present.
activities
3. Deterioration in 3.1 Collect and treat health care waste
health and safety through recognized service providers or in 0.1 Short-term
conditions nationally approved treatment centers.
. 4.1 Reduce the burdens by alleviatin

4. Overstressing the financial pressure on r?]unici alitiges
of existing SWM , . L , : , 0.1 24.0 Short-term
. to dispose of waste within their premises
infrastructures , L

according to the status quo situation.

5.1 Build the necessary infrastructure in

priority impacted areas so that solid waste 65.6 327 Medium-
5. Contamination generated by refugees and host commu- ’ ’ term
of land, soil, water nities can be properly disposed of.
and groundwater
in priority impacted 5.2 Close identified priority dumps in ar-
areas eas of high refugees concentration where Medium-

47.3

high impact of pollution to surface and term
groundwater was noticed.

Total 131.1 57.6

WATER AND WASTEWATER MANAGEMENT

Impact of the Syrian Conflict on Water Resources

The report estimated the increase in domestic water demand due to the refugees between 43 to 70 Million Cubic
Meter (MCM) by the end of 2014. This incremental water demand of the refugees corresponds to an increase of the
national water demand between 8 and 12 percent. The report has also indicated that this increase varies across cazas
and governorates, with the Bekaa having the highest share, followed by the North, Beirut, Mount Lebanon and the
South.

The report has provided detailed analysis on the following key impacts on water resources:
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e Depletion of water resources. According to the assessment, the main water sources used by refugees are the
public water network (30 percent), wells (24 percent) and public reservoirs/standpipes (22 percent), noting that
groundwater constitutes the largest share of the sources of the public water network and of public reservoirs. As
such, the assessment confirms that the increase in water demand due to the refugees is exacerbating the cur-
rent stresses on water resources in general and on groundwater resources in particular. This has been confirmed
by available data from the monitoring of water table levels during the period of April 2013 to April 2014 which
showed a decrease ranging between 1 and 20 meters in a number of wells in different Lebanese regions (Figure
3.2). Data collected from the Litani River Authority (LRA) in the Litani River basin also showed a decrease in water
volume in 3 out of 4 sources in the years 2012-2013 compared to the years 2011-2012 (Figure 3.3).

Figure 3.2 Changes in groundwater levels in Figure 3.3 Changes in water volumes in selected
selected wells from different regions water sources in the Litani River basin
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e Water quality deterioration. Humanitarian agencies providing health interventions have attributed diarrheal
diseases with the consumption of poor water quality. This was confirmed by testing the bacteriological quality
of water which showed high levels of contamination (ten times higher than the WHO guideline values for some
chemicals). This was also confirmed in Minieh-Dennieh and Zgharta districts where an average of 63 percent of
the tested boreholes and municipality network outlets tested proved to be contaminated with fecal coliforms.
The main issue affecting water quality is the low quality and poor cleanliness of the reservoirs which are not main-
tained regularly and lack, for the most part, of proper coverage that provides protection from external sources of
contamination. Moreover, due to the lack of water, proper sanitation and hygiene, a sharp rise in communicable
diseases and the emergence of previously absent diseases were reported among refugees’ communities and are
transmitted to close Lebanese communities.

Impact of the Syrian Conflict on Wastewater Management

The report estimated an increase in wastewater (WW) generation between 34 and 56 MCM by the end of 2014, cor-
responding to an increase in the national WW generation rate between 8 and 14 percent, with the Bekaa receiving
the highest share of incremental WW.

Given the lack of accurate data, it is difficult to determine the fate of the incremental WW generated by the refugees
in the various Lebanese regions. However, as only eight percent of the WW generated at the national level is treated
and the remaining is discharged into open lands or in watercourses, it is expected that similar trends would apply to
the WW generated by the refugees.

The report has provided an analysis on the key impacts of increased WW discharges on the environment which in-
clude the following:



¢ Increased pollution load from

WW discharges. The incremental
pollution load of wastewater gen- K
erated by refugees is estimated to
produce around additional 40,000
tons of BOD5 per year, reflecting
a significant increase of organic
biodegradable load in the environ-
ment. This represents an increase
of around 34 percent of BOD, load
at the national level, distributed
across the different cazas as shown
in Map 3.3, with the higher pres-
sure found in the Cazas of Baal- "
beck, Akkar, Zahleh and Baabda.

* Increased environmental and
health impacts from WW dis-
charges. The impacts of untreated
WW in water bodies and open H
lands include negative effects on
fish and wildlife populations due

to oxygen depletion, restrictions

on recreational water use as well oo
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Map 3.3: Distribution of incremental pollution load (BOD,)

from Syrian refugees across Cazas

Summary EMP to mitigate the environmental impacts of the Syrian conflict on water and wastewater

management in Lebanon

Potential Impacts Potential Mitigation Measures

1.1 Controlling groundwater usage
especially in water stressed areas

1.2 Developing an emergency action plan

1. Depletion of for scarcity and drought management

water resources .
1.3 Raising awareness on water

management and conservation

1.4 Improving water efficiency in the
productive sectors

Capital cost
(MUSD)

TBD!

TBD

TBD

TBD

O&M costs
(MUSD/year)

TBD

Time frame

Short,
Medium & Long-term

Short-term

Short-term

Medium- term
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1.5 Improving water infrastructure

storage, transmission and distribution

1. Depletion of systems especially in impacted areas 664.0 24.0 Medium to
water resources (Akkar, Baalbeck, Zahle, Baabda, ' ' Long-term
Minieh Dennieh, Tripoli, Aley, Chouf,

West Bekaa, Saida and Tyr)

2. Deterioration 2.1 Improving water quality for host- 119.0 8D Short-, Medium-
of water quality communities and refugees ' & Long-term
3.1 Managing sludge disposal 4.3 TBD Short-term
3.2 Implementing wastewater col-
3. Increased . .
B lection and treatment infrastructure
discharaes projects in impacted areas (Akkar, 500.0 8D Short-, Medium-
9 Baalbeck, Zahle, Baabda, Minieh- ' & Long-term
Danniyeh, Tipoli, Aley, Chouf, West
Bekaa, Saida and Tyr)
Total 1,287.3 TBD

' To Be Determined (TBD)

AIR QUALITY

Impact of the Syrian Conflict on Air Quality

The report has focused on the main sectors affecting air pollution in Lebanon due to the Syrian conflict and which include
on-road transport, residential heating, solid waste management practices and electricity production. The assessment did
not address other sectors such as cement production which are expected to increase in post-conflict conditions.

e Air pollution resulting from On-road Transport. The assessment has used available studies regarding the
increase of on-road transport due to the Syrian conflict and has estimated that a 5 percent increase in traffic on
the main national axes will take place leading to an increase of 10 percent in Nitrogen Oxide (NOx) and 3 percent
increase of Particulate Matter (PM) at the national level. This is expected to worsen the situation in some areas
where the concentrations of these pollutants are already above standards. In Beirut, where chronic air pollution
already exists, a 6 percent increase in NOx and PM is estimated, and will worsen the existing situation and could
lead to higher rate of emergency entrances in hospitals for asthmatic people and the elderly.

Air pollution resulting from Residential Heating. The assessment has estimated 5 percent increase in SO,
emissions which will add up to already existing national SO, levels. Although this sector does not present an
important increase of other pollutants at the national level, it will reflect a more pronounced impact at the local
scale where the use of heating is concentrated in small geographical areas.

Air pollution resulting from Open Burning of Solid Waste. Among the major concerns rising from open
burning of waste is the release of very toxic and carcinogenic compounds including dioxins (PCDD) and furans
(PCDF). These chemical compounds are regulated by the Stockholm Convention on Persistent Organic Pollutants
which Lebanon ratified in 2002. PCDD/PCDF affect the health of the population living nearby open dumps. With
more than 300 open dumps in Lebanon, which are characterized by open burning practices, the assessment es-
timated an increase of 12.05 g of Toxic Equivalents (TEQ) in PCDD/PCDF emissions. This represents a significant
increase from the latest emissions inventory established for PCDD/F in Lebanon in 2004 and which estimated the
release into the atmosphere of 80.2 g TEQ/yr from all sources.

Air Pollution resulting from Electricity Production. As Lebanon is unable to respond to all the electricity de-
mand at national level, private generators are mainly used to respond to electricity shortage. The assessment has



used existing estimations of 251 Mega Watt (MW) increase in electricity demand of refugees which will result in
the acquisition of private generators in residential areas. The incremental quantities of air pollutants originating
from private generators have been estimated to be 10 percent for NOx and around 2 percent of the remaining
pollutants. Given that private generators emit high concentrations of NO, and finer PM which are the most haz-
ardous to the human health, they can pose a serious health risk on nearby communities.

¢ Assessment of Total Emissions of Air Pollutants. Overall, it is estimated that the Syrian conflict will result in
an increase of up to 20 percent in emission of air pollutants in Lebanon leading to a degradation of air quality
as presented in Table 4.3. Further detailed analysis of the spatial distribution of the different pollutants’ emis-
sions is essential to locate areas of potential concern with regards to air pollution in Lebanon. An example of a
spatial distribution conducted as part of the assessment (Map 4.2 and Map 4.3) shows that GBA which already
has moderate to poor air quality will suffer from an increase in air pollutants concentrations of up to 20 percent
(based on the conservative approach followed in this assessment). It is also expected that other main cities such
as Zahle, Baalbeck, Tripoli and Saida will also witness a significant degradation of their air quality and the health
of their population, while rural areas will be affected but to lesser extent.

Table 4.3. Incremental quantities of air pollutants emissions in 2014 compared to 2010

co NOx SO, PM10 PM2.5
1 | ities of air pollut in 2014
ncremental quantities of air pollutants in 20 100,346 15.317 2222 1,221 1,077
compared to 2010 (tons)
Percent increase in 2014 compared to 2010 (%) 18 20 4 11 13
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Map 4.2. Spatial distribution of NOx emis- Map 4.3. Spatial distribution of NOx emissions
sions for 2010 in tons/year end of 2014 in tons/year
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Summary EMP to mitigate the environmental impacts of the Syrian conflict on air quality in Lebanon

Potential

Capital cost

O&M costs

Potential Mitigation Measures Time frame
Impacts (MUSD) (MUSD/year)
1.1 Impl tati f a Bus Rapid Transit (BRT Short- &
mplementation of a Bus Rapid Transit (BRT) 200.3 100 o.
system Medium-term
1.2 Impl tati f ized t rt syst .
1. Transport . lrnpemen ation of organized mass transport systems 0.0 50 Medium term
In cities
1.3 Maint d i f th d Short- &
amlenanFe an expansmh of the roa 350.0 40.0 orl
network including border crossings Medium-term
2.1 Decrease effect of private generators 24.3 2.0 Short-term
. Short- &
2.2 Increase access to sustainable energy 25.1 2.0 .
Medium-term
2.3 Installation of control equipment 85.0 18.0 Short-term
2. Energy
production 2.4 Changing fuel type in power plants 400.0 20.0 Medium-term
2.5 Rehabilitation of the power plants 600.0 30.0 Short- term
2.6 Strengthening of the electricity network 200.0 10.0 Short-term
2.7 Support to the energy sector management 12.00 Medium-term
3. Solid 3.1 Closure of dumps (Refer to the EMP for SWM Short- &
waste for further details) Medium-term
4. Residential , , . , Short- &
. 4.1 Use of bio-energy for residential heating 20.1 2.00 .
heating Medium-term
Total 1,986.8 139.0

LAND USE AND ECOSYSTEMS

Impact of the Syrian Conflict on Land Use and Ecosystems

The assessment has focused the impact of the Syrian conflict on land use in Lebanon specifically in terms of urban densi-
fication, rental and construction sector and the impact of Informal Tented Settlements (ITSs) on land use and agriculture.

e Impact of the Syrian conflict on Urban Densification. The influx of Syrian refugees (formal housing, shelters,
and ITSs) has increased Lebanon’s population density by about 37 percent from 400 to 520 persons/km2. Leba-
non is now ranking 16 on the world population density index up from 21 before the Syrian conflict. Such densifi-
cation results in many environmental and social stresses on host communities including: more waste generation,
water and sanitation problems, more vehicles and scooters on the roads, noise pollution, and crowdedness. Ur-
ban densification also encourages new construction. The repercussions of densification are highest in vulnerable
communities, as defined by the UNHCR . According to the first vulnerability map produced in July 2013, there
were about 30 most vulnerable communities in Lebanon, covering about 750 km2 (7% of the territory). By July
of 2014, the number had increased to 45 and their area to about 900 km2 (8.6% of the territory). The number
and extent of vulnerable communities is expected to increase further as the Syrian conflict prolongs and as the
influx of Syrian refugees intensifies.



e Impact of the Syrian conflict on the Rental and Construction Sector. According to UNHCR, the total esti-
mated value of rental transactions by Syrian refugees has reached 34 MUSD per month. This rapidly saturating
housing market is encouraging local residents to build new homes and/or finish unfinished homes leading to
haphazard and accelerated construction in all affected communities.

¢ Impact of Informal Tented Settlements on Land Use and Agriculture. Syrian refugees who live in ITSs oc-
cupy more land than those who live outside ITSs; tents cannot grow vertically and must also comply with UNHCR
specifications related to inter-tent spacing. Even if collectively ITSs house only around 15% of the total number
of refugees, the number of ITSs is increasing steadily (from 250 in June 2011 to 1,224 by May 2014), and is
expected to further increase as the conflict extends. Evictions because of unpaid rent are causing a reverse migra-
tion of Syrian refugees from the cities to ITSs. The largest concentration of ITSs are located in the Begaa (712
ITS) followed by Akkar (300), which represent Lebanon’s largest agricultural regions (refer to Map 5.3 for the
distribution of ITSs in agricultural areas). As the number of Syrian Refugees continues to rise, further ITSs growth
will inevitably encroach on agricultural lands and put those lands out of production, unless agricultural lands are
designated by the Government of Lebanon (GOL) as exclusion zones.

With regards to Ecosystems, Syrian refugees impact ecosystems either directly through ITSs encroachment on Envi-
ronmentally Sensitive Areas (ESAs) and other fragile ecosystems or indirectly through the environmental impacts of
refugees living in formal shelters. These include the following:

¢ Impact of Informal Tented Settlements on Environmentally Sensitive Areas. The distribution and growth
of ITSs may potentially affect ESAs. Map 5.4 below presents an overlay of ITSs on Lebanon’s known ESAs and
highlights potential environmental stressors as presented in Table 5.2 below.

Lebanon Environmental Assessment of the Syrian | Map 5.1 - Distribution of Informal Tented Settlement Lebanon Environmental Assessment of the Syrian
Conflict & Priority Interventions. on Agricultural Areas in Lebanon Conflict & Priority Interventions

Map 5.2 - Proximity of Informal Tented Settlement
to Environmentally Sensitive Areas in Lebanon

‘‘‘‘‘‘‘‘‘ T (2014, Lar Disclaimer. tho Natonal Land Use and Data from UNHCR (2014) Layer of ITS was providad
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Map 5.3 Distribution of Informal Tented Map 5.4 Proximity of Informal Tented Settlements
Settlements on Agricultural Areas to Environmentally Sensitive Areas
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Table 5.2 Potential Environmental Stressors from Informal Tented Settlements on Environmentally Sensitive Areas

Environmentally Sensitive Areas
nearby Informal Tented Settlements Potential Environmental Impact of Informal Tented Settlements
concentration

Perennial rivers (Kabir, Ostouene, Bared, Risk of increased water contamination from incremental wastewater dis-
Litani, and Zahrani) charges, sludge disposal, and waste disposal.

Risk of flooding: 81 out of 151 assessed ITS (52%) in the Begaa are in

In low lands or flat lands (Akkar plane
W ( P ! flood prone areas (UNHCR, 2014); increased risk of wastewater and sludge

Begaa, etc.)
4 infiltration into groundwater.

Close to Quercus forests north-west of ] ] ] . ] o
Risk of abusive felling during winter to provide firewood.
Baalbek (Yammouneh)

Inside the north-eastern fringes of the Shouf No immediate threat to the Reserve as the area is already impacted by

Biosphere Reserve (Qab Elias) Lebanon’s largest quarries.

¢ Impact of vulnerable communities on ESAs and other fragile ecosystems. The assessment has undertaken
an overlay of the most vulnerable communities on sectoral maps which confirmed considerable intrusion of vul-
nerable communities on agricultural areas, forest areas, and ESAs.

e Impact of Syrian refugees on forest resources. The impact of Syrian refugees on forest resources is variable,
depending on the location. In north Lebanon for example, border villages historically used to thrive on illegal
trade routes with Syria, including the smuggling of cheaper Diesel oil. These trade routes closed when the Syrian
Conflict intensified, pushing resident populations to look for alternative energy sources including firewood. In
the absence of efficient law enforcement and/or energy substitutes, the illegal felling of forest trees has become
a lucrative business in some parts of the country (approximately LL350,000 per truck). High wood density (high
calorific value) fruit trees including citrus, olive, and cherry are also used as firewood. Other forest areas in Mount
Lebanon and the Begaa have been less affected but the risk of increased felling in the future and as the conflict
extends is very high.

Impact of increased abstraction on surface water resources and environmental flows. The incremental
water demand for refugees corresponds to a nationwide increase of water demand between 8 and 12 percent
by the end of 2014. The extremely dry winter of 2013-2014 (total rainfall less than 50 percent of the annual
mean) has already impacted springs many of which will dry up this summer. Overexploitation of springs and the
construction of new wells near springs (Akroum, Anjar, etc.) will reduce environmental flows to a trickle. Environ-
mental flows are important to maintain ecosystem health and natural habitats downstream.

Impact of septage disposal on lands and ecosystems. The increase in the rates of generation of WW due to
the Syrian refugees will further exacerbate the environmental pressure caused by the disposal of untreated WW
as well as disludging of sceptic tanks. Sludge disposal on land and in streams contaminate ecosystems, especially
in karstic terrain. The disposal of sludge on open lands, in dolines, and near streams will increase organic loads
of these receptors and may alter the composition of aquatic life and riparian ecosystems.



¢ Impact of solid waste disposal on landscapes and water bodies. Solid waste disposal in open dumpsites
results in waste dispersion, as well as water and soil contamination. Leachate runoff from open dumpsites ex-
hibit very high organic load, very high ammonia-Nitrogen, and also contain a variety of heavy metals including
lead, zinc and copper. Leachate will percolate into the ground and eventually contaminate nearby surface and
groundwater. Waste disposal in open dumpsites also consumes additional land area (an estimated 109,075 m2),
potentially infringing on agricultural lands. In the absence of containment measures, waste particles carried by
water and wind travel long distances and therefore degrade a much wider area.

Summary EMP to mitigate the environmental impacts of the Syrian conflict on land use and
ecosystems in Lebanon

Capital cost O&M costs
Potential Impacts Potential Mitigation Measures Time frame
P 9 (MUSD) (MUSD/year)
1.1 Alleviate the burden on host com-
munities by improving environmental 2.6 Medium-term
1. The number of planning at local level
Syrian Refugees has
significantly increased
Leba.non's population 1.2 Support municipalities in urban plan- Short-,
density ning to reduce pressure on private lands 0.1 Medium- &
and the rate of new construction Long-term
2. Number of ITSs is
increasing rapidly
consuming more land 2.1 Prevent ITS encroachment on ESASs, 5 1 0.12 Short- &
in flood-prone areas, agriculture and flood prone areas ' ' Medium-term
agricultural land and
ESAs
3. lllegal /unsanitary
disposal of incremen- . .
. 3.1 Regulate and monitor the disposal
tal solid waste and , Short- &
. . of waste and sludge in affected com- 2.6 4.6 .
sludge is polluting N Medium-term
. munities
rivers and other water
resources
4.1 Enforce forest laws and regulations
4. Increased demand (Law 85/1991, Law 558/1996) and
. 1.00 1.8 Annual (fall)
for fuel and firewood Protected Areas laws and management
is exacerbating pres- plans
sure on forest resourc-
es (especially in North
Lebanon and border 4.2 Ensure alternative sources of fuel
areas) before each winter season 4.60 72.00 Annual (fall
Total 16.0 78.5
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CURRENT STATUS OF REFUGEES
FROM THE SYRIAN CONFLICT IN LEBANON

The Syrian conflict began in 2011 leading to a massive in-
flux of refugees to nearby countries. According to United
Nations High Commissioner for Refugees (UNHCR) statis-
tics of 31 May 2014, there are now more than one mil-
lion registered Syrian refugees in Lebanon, the equivalent
of 241,513 households, and more than 57,000 addition-
al Syrian refugees awaiting registration. Based on these
data, Lebanon hosts currently more than 37 percent of
the region’s 2.7 million Syrian refugees (UNHCR, 2014)".
Moreover, the Lebanese Government estimates that an-
other 230,000 Syrians are residing in Lebanon?.

The May 2014 records of the United Nations Relief and
Works Agency for Palestine Refugees in the Near East
(UNRWA) show there are more than 52,000 Palestinian
Refugees from Syria (PRS)? in Lebanon, and it is estimated
that there are approximately 33,000 Lebanese returnees
from Syria®. As such, in 31 May 2014, Lebanon has ac-
counted an additional population increase equivalent to
1,403,718 persons, which constitutes 28.9 percent of its
pre-conflict population estimated at around four million
persons in 1997°. (Refer to Table 1.1)

Table 1.1 Estimated numbers of refugees in Lebanon
due to the Syrian conflict

Population

influx due December
. 31 May 2014 2014 (RRP6
to Syrian
. Forecast)
conflict
1,087,814 total
: including 1,030,413
Syrian :
refugees registered and 1,500,000
g 57,401 awaiting reg-
istration (UNHCR)
, 230,000 (Govern- 230,000
Unregistered .
Svrians ment estimates/ (Government
Y RRP6) estimates)
Palestini 55,000 (RRP6
arestinian 52,335 (UNRWA/ 000 (
Refugees mid-term
. UNHCR) .
from Syria review)
33,569 persons
Lebanese (RRP6 planning 50,000
Returnees projection for May persons
2014)
TOTAL 1,403,718 1,835,000

The projected increase in population density in Lebanon,
resulting from a foreseen rise in refugee numbers to
around 1,835,000 refugees by end of December 2014,
reflects an accelerated growth in the Lebanese popula-
tion which was not expected until 2041. This large influx
of people in Lebanon constitutes a heavy burden on al-
ready fragile environmental resources. Hence, it becomes
imperative to measure the impact of this demographic
change and its pressure on solid waste management, air
quality, water and wastewater, land use, and ecosystems.

While exact information on the distribution of the to-
tal number of Syrian refugees—registered and unregis-
tered—at municipality/village level is lacking, UNHCR’s
database (May 2014) refers to the presence of registered
refugees across 1,811 villages and localities in Lebanon®.
Along with these statistics, registered refugees are locat-
ed respectively in the governorates of the Bekaa (34.62
percent); the North (26.33 percent); the Mount Lebanon
(23.89 percent); the South (12.38 percent); and, Beirut
(2.78 percent). At caza (provincial subdivision) level, the
highest concentrations of refugees are in Zahle (16 per-
cent), Baalbeck (11 percent), Akkar (10.1 percent), Baab-
da (7.8 percent), Tripoli (6.1 percent) and West Bekaa
(5.9 percent)’, as shown in Map 1.1.

T UNHCR, Interagency information sharing Portal, regional
overview, registered Syrian refugees, 30 May 2014

~

Media sources estimated that there are about half a million of
non-registered Syrians, some of these may register at UNHCR
soon (www.assafir.com, dated 17 April 2014). Other infor-
mal sources reported that non registered Syrians exceeded
300.000 persons. For consistency purposes, the present re-
port will adopt a figure equal to 230.000 persons as referred
to in the Syria Regional Response Plan (RRP6, Lebanon sec-
tion, Lebanese Government estimates, page 3)

w

Communication with Vincent Dupin, Inter-Agency Team, 19
June 2014

IN

The total number of Lebanese returnees from Syria for 31
May 2014 is calculated based on RRP6 planning projection,
which indicates that the number of Lebanese returnees will
reach 50,000 persons by December 2014.

v

The demographic increase in 2014 is calculated based on the
assumption that Lebanon population was four million persons
in 1997 with a demographic increase of 1.7 percent per year

6 UNHCR, Statistics of registered Syrian refugees of 31 May
2014.

7 |dem reference 6

Chapter 1: Introduction



CURRENT RESPONSE TO THE
SYRIAN CONFLICT

Efforts to coordinate the humanitarian response have
been deployed at central, local, and interagency levels.

The Prime Minister's Decision no.146/2013 (amended
respectively by Decisions no. 72/2014 and no. 75/2014)
established a committee® which mandate includes:

¢ the preparation of a needs assessment for the hu-
manitarian response for the refugees and the hosting
communities, addressing in particular developmental
aspects (including the infrastructure’s carrying capac-
ity) and the macroeconomic and financial implications
of the influx to Lebanon, and,

e the development of a financing mechanism intended
to become a multi-donor trust fund (to be used as a
bilateral financing mechanism as well).

The committee is also mandated to guide and supervise
the support provided to refugees.

In July 2013, the Council of Ministers (COM) promulgat-
ed the Decision no. 1, dated 13/1/2013 which entrusted
the Minister of Interior and Municipalities (MOIM) to es-
tablish a Central Security Unit (Central Unit) that follows
up on the situation of Syrian refugees. Regional secu-
rity cells that report back to the Central Unit were also
formed at the District Commissioner (Qaem Magam)
level (MOIM Decision no.242 2013). These regional cells
include representaives of military and security bodies in
addition to ministries of Social Affairs (MOSA), Public
Health (MOPH), and, Education and Higher Education
(MEHE). These cells update periodically the numbers of
Syrian refugees residing in municipalities and villages at
the caza level, manage and control overall assistance and
supervise the distribution process, coordinate with mu-
nicipalities and nongovernmental organizations involved
in sheltering/hosting Syrian refugees, and report weekly
on the condition of the refugees and the difficulties they
face. It is to be noted that the cells’ meetings were used
by municipalities and unions of municipalities as an op-
portunity to communicate their needs to address gaps in
service delivery (Refer to Box 1.1).

Box 1.1 Coordination at local level: Example of South Lebanon

Following the Ministry of Interior and Municipalities (MOIM) Decision no.242/2013, bi-weekly local coordination meetings
take place in the Cazas of Nabatiyeh, Bent Jbeil and Sour. Beside the security considerations, meetings are held to provide
updates on the numbers of Syrian refugees in the municipalities and villages; to discuss the difficulties facing the unions of
municipalities and municipalities in delivering their services; and, to examine Community Support Projects (CSP) submitted
by local authorities for potential funding. Environmental issues have become a key municipal concern as CSP proposals
indicate, particularly since early 2014. It is estimated that 50 percent of the proposals submitted by local authorities are
environment related, mostly solid waste collection, streets’ sweep-up, and water increase options to address the forthcom-
ing drought. This interest in environmental projects is attributed to the likely financial pressures confronting local admin-
istrations to handle expenses related to service delivery, including labour, maintenance and/or equipment, due to growing
population pressures on already torn out local infrastructures.

A number of challenges facing these local coordination meetings are highlighted, predominantly the shortcoming of the
solutions offered to address the concerns of local administrations; the irregular attendance of international and national
non-governmental organizations to these meetings; the inconsistency observed between the size and type of CSP propos-
als submitted and the funding made available per region; and, the lack of a tangible operational mechanism that may
contribute towards boosting up the “developmental” side of the local coordination process. It is believed that donors can
greatly benefit from the developmental discussions of these meetings if they are better structured.

Local committees do not discuss issues related to PRS, although some Palestinian camps face dire conditions due to further
demographic pressure exerted on the existing stressed environmental and socioeconomic camps’ contexts.

Interview with Samer Haydar, Director of “Social, Humanitarian, Economical Intervention for Local Development” (SHEILD).

8 The committee is composed of the Ministers of Economy and Trade, Education and Higher Education, Environment, Finance, For-
eign Affairs and Immigrants, Interior and Municipalities, Justice, Labor, National Defence, Public Health, Social Affairs, and Telecom-
munications; in addition to the Governor of the Central Bank of Lebanon, the President of the CDR, the Economic Advisor to the
President of the Republic, and the Prime Minister’s Advisor for economic and development affairs.
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Humanitarian response and coordination efforts are joint-
ly led by the Prime Minister’s Office, the Ministry of Social
Affairs (MOSA) and UNHCR. MOSA is the government
entity in charge of the overall coordination of the refugee
response in Lebanon®. National and regional technical
working groups led by UNHCR are established to ensure
a coordinated response in the following sectors:

e education,

e distribution of non-food items (NFls),

o food security,

e health,

¢ information management,

e protection (including child protection in emergencies
and gender-based violence),

e shelter,

e social cohesion, and,

e water, sanitation and hygiene (WASH).

In 2013, an independent interagency coordination team
was established to improve the coordination efforts of
the response.

With the participation of the Government of Lebanon,
UN organizations, international and national nongovern-
mental organizations, the RRP6 was prepared in January
2014 and anticipated the need for urgent assistance to
Lebanon equivalent to US$1.7 billion to respond to needs
in the fore-mentioned sectors; information management
is being addressed as part of all the sectors. By end of May
2014, the overall contribution to funding RRP6 reached
approximately 390 MUSD, equivalent to 23 percent of
the total funding requirements’®.

LEBANON'S RESPONSE FOR
STABILIZATION FROM THE SYRIAN CONFLICT

In order to respond to the impact of the Syrian refugees,
the Government of Lebanon with the support of the World
Bank and the United Nations prepared the “Economic and
Social Impact Assessment of the Syrian Conflict” (ESIA) in
September 2013 and the “Lebanon Roadmap of Priority
Interventions for Stabilization from the Syrian Conflict”
(the Lebanon Roadmap) in November 2013. While they
included some environmental considerations linked to ser-
vice delivery, both reports adopted social and economic
aspects as the main drive for analysis and costing of inter-
ventions for stabilizing the Syrian conflict.

Based on a quantification of the cumulative impact as-
sessment of the Syrian conflict spillover from mid-2012
through 2014, the ESIA report estimated the need for

US$7.5 billion to revert Lebanon’s pre-Syrian-conflict
conditions of 2011, in the human development and so-
cial sectors (including education, health, employment
and livelihoods, and social safety nets) and infrastructure
(electricity, water and sanitation, solid waste manage-
ment and municipal services, and transportation infra-
structure).

Based on the findings and recommendations of the ESIA
Report, the Lebanon Roadmap was prepared and includ-
ed a preliminary set of priority interventions, organized
into four Track levels, intended to contribute towards
qualitatively and quantitatively alleviating the impact of
the Syrian conflict on Lebanon. More specifically, Track
1 to Track 3 propose interventions that aim at reducing
the impact on the government’s budget and deteriorat-
ing public services to host communities, whereas Track
4 aims to mitigate the impact on the private sector. It is
important to note that the institutional and community
support interventions of RRP6 correspond to the Track
1 interventions of the Lebanon Roadmap (rapid delivery
and immediate impact)'.

Table 1.2 summarizes the costs of the interventions in
the sectors related to basic service provision as foreseen
in the Lebanon Roadmap (Refer to tables A-1 to A-4 of
Annex A for full details).

RATIONALE OF THE
ENVIRONMENTAL ASSESSMENT

The MOE established an internal committee for the As-
sessment of the Environmental Impact of the Syrian Ref-
ugees in Lebanon, presided by the Minister of Environ-
ment (Ministerial decision 50/1 dated 3 April 2014). This
committee called upon the EU (through the EU-funded
programme at MOE “Support to Reforms - Environmen-
tal Governance” —StREG) and the United Nations Devel-
opment Programme (UNDP) to help conduct an environ-
mental assessment of the Syrian conflict and determine
priority interventions that would complement the Leba-
non Roadmap.

This report highlights the already fragile state of Leba-
non’s natural environment and sheds light on its rapid
deterioration given the dramatic increase in population

° RRP6 Report, page 10
1 UNHCR Portal, funding requirements.
'"RRP6, 2014
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Table 1.2 Summary related to basic service provision within the Lebanon Roadmap

Track 1 Track 2
Sector interventions interventions

(MUSD) (MUSD)
Water and sanitation 60 330

Solid waste
management and
municipal services

190 (costs specific to Solid
Waste Management (SWM)
are not indicated within the

Track 3
interventions
(MUSD)

Cross-referenced in
Track 2

Some interventions
are cross-referenced
in Track 2

Track 4
interventions
(MUSD)

Cross-referenced in
Track 2

Some interventions
are cross-referenced
in Tracks 3 and 4

municipal emergency services)

Electricity 10

Transportation 300 100

and the nature of the refugee crisis (refugees being host-
ed within existing communities). Although tremendous
efforts have been put into the humanitarian response so
far, if environmental concerns are not taken into consid-
eration, the crisis can aggravate already existing prob-
lems and exacerbate risk and vulnerability.

This report proposes both field and policy measures that
could be integrated within the humanitarian response
and within longer-term interventions. The proposed in-
terventions would improve the living conditions of Leba-
nese communities and Syrian refugees while being sus-
tainable, equitable and in line with national policies.

METHODOLOGY OF THE
ENVIRONMENTAL ASSESSMENT

The report was based on the review of national legisla-
tion and reports, consultations with various individuals,
and selected field visits. Data used in the assessment de-
rives from the following sources:

e Government strategies, plans, reports, and data made
available by the MOE, MOEW, MOF, MOPH, and
MOSA, in addition to the Council for Development
and Reconstruction (CDR), etc.,

e secondary data collected from EU and UN organiza-
tions [Food and Agriculture Organization (FAO), UNDP,

Some interventions
340 are cross-referenced
in Track 3

UN-HABITAT, UNHCR, United Nations Children’s Fund
(UNICEF), World Food Programme (WFP), and World
Health Organization (WHO)] through UNHCR portal or
via direct contacts made with these organizations,

e sectoral maps illustrating refugees’ concentration or
presence (generated mainly by UNHCR),

* meetings held with staff from MOEW, CDR, Water
Establishments (WE), FAO, UNDP, UNHCR, UNICEF
(WASH sector), WFP, and the UN interagency coordi-
nation body (shelter and WASH sectors),

e interviews conducted with five unions of municipali-
ties (three in the North, one in the Bekaa, and one in
the South) and two municipalities located in the Caza
of Zahle in the Bekaa (see Annex A- Table A-5), and,

e four field visits in the Bekaa and the North, which in-
cluded visits to Informal Tented Settlements (ITSs) and
meetings with UNHCR regional staff.

The assessment was conducted between May and July
2014. The baseline years used to determine the envi-
ronmental pre-crisis situation were 2010 or 2011 (de-
pending on data available in each sector). The calculated
incremental impact identified is based on the refugees’
population number in 31 May 2014 (according to UN-
HCR's figures) as well as that projected in December
2014 (according to RRP6 forecast). As such, the report
determines the impact of the Syrian conflict in the year
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2014 and does not account for the cumulative impacts
since the onset of the conflict.

The assessment looks at four impacted areas: solid waste,
water and wastewater, air pollution, and land-use and
ecosystems. A pre-crisis overview is presented for each
area followed by an incremental impact assessment. En-
vironmental management plans (EMP) are proposed for
the four areas along with recommendations of prior-
ity interventions by time frame. Special consideration is
given to priority geographical areas that host the largest
number of refugees.

The sectoral EMPs follow the guidance provided in the
Decrees n0.8213/2012 and 8633/ 2012 for establishing
an Environmental Management Plan (EMP) as part of the
Environmental Assessment (EA) process (Refer to Box
1.2).

Box 1.2 Environmental Management Plan

An EMP by definition is used to formulate and moni-
tor environmental protection measures for the imple-
mentation of any project. It includes environmental
safeguards and mitigation measures.

The proposed EMP for each sector includes mitigation
measures at short-, medium- and/or long-terms, their
costs, and key stakeholders concerned with their imple-
mentation. Where applicable, each mitigation measure
presents three forms of interventions: technical support
(including infrastructural works); environmental monitor-
ing; and capacity development (including legislation, pol-
icy, awareness raising, information management, train-
ing, other).

For the sectors of solid waste, water and wastewater,
and air quality, the EMPs are in line (to a certain extent)
with the interventions suggested in the Roadmap. More
specifically, the mitigation measures of the EMPs comple-
ment those of the Lebanon Roadmap through a set of
proposed environmental actions, which are considered
fundamental to ensure the sustainability of the proposed
measures.

It must be noted that data availability in the field of envi-
ronment is limited in Lebanon. Therefore, there are limi-
tations in the quantification of impacts across the four
areas. All calculations are mentioned within the different
chapters, and where adequate data are not found, quali-
tative impacts and recommendations are proposed.

The specific limitation in the methodology for the assess-
ment of each sector is also included in Annex A-2, while
a complete list of references is attached to the report.
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IMPACT ON THE
SOLID WASTE SECTOR







2.1 SOLID WASTE MANAGEMENT
BASELINE CONDITIONS

2.1.1 Waste generation rates and characteristics

Lebanon generated 1.6 and 2.0 million tons of munici-
pal solid waste (MSW) in 2010 and 2013 respectively,
as shown in Figure 2.1. In both years, MSW generat-
ed in Beirut and Mount Lebanon (BML) accounted for
nearly 60 percent of the total MSW generated nationally
(SWEEPNET 2014).

In 2010, the waste generation rate varied from around
0.7 kilograms per person per day (kg/p/d) in rural areas to
around 0.9 to 1.1 kg/p/d in urban areas, with a national
weighted average estimated at around 1.0 kg/p/d. The
national average increased to 1.05 kg/p/d in 2013. The
forecasted increase in waste generation is estimated at
1.7 percent per year across the country.

The composition of the waste is in majority organic (vary-
ing between 50 and 55 percent in urban and rural areas
respectively), followed by paper and cardboard (17 to 15
percent), plastics (13 to 10 percent), metals (6 to 5 per-
cent), glass (4 to 3 percent), and others, such as textile,
wood, and miscellaneous (12 to 10 percent). MSW is
characterized by high moisture content, often exceeding
60 percent (MOE/UNDP/ECODIT 2011).

Figure 2.1 MSW generation by Mohafaza
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2.1.2 Infrastructure

Almost all of the MSW generated in Lebanon is collected
by public or private haulers (99 percent in rural areas,
100 percent in urban areas); however management var-
ies from one area to another. Nationally, 8 percent of
MSW is recycled, 9 percent is composted, 51 percent is
landfilled and 32 percent is disposed of in open dumps
(MOE/UNDP/ECODIT 2011).

In BML (excluding Jbeil), a relatively advanced solid waste
management (SWM) system was put in place in1997.
The system is mainly based on manual and mechanical
sorting, baling and wrapping (at Karantina and Amrousi-
yeh sorting facilities), composting (at Coral), and land-
filling (of waste rejects at Naameh and inert materials
at Bsalim). Since its inception, the system faced several
challenges; most notable of which is the limited capac-
ity of available sites compared to the large amount of
waste generated. As a result, more than 85 percent of
the waste is being disposed of at the Naameh sanitary
landfill (CDR/LACECO 2011).

Outside BML, full or partial waste management systems
exist, such as:

e asorting plant and sanitary landfill in Zahle,

e asemi controlled dump in Tripoli,

e asorting facility and an anaerobic digester (AD) in
Saida that were put in place through private sector
financing,

e 11 small- and medium sized sorting and composting
plants (varying from 10 to 150 metric tons (t) per day)
that have been or are being constructed by the Office
of the Minister of State for Administrative Reform
(OMSAR) with EU financing, and,

e small community based composting plants built in
selected villages through the United States Agency for
International Development (USAID) financing.

In the remaining parts of the country, waste manage-
ment is characterized by rudimentary collect and dump
practices. The location of all existing waste management
facilities is presented in Annex B, map B1— Existing solid
waste management infrastructure in Lebanon.

In 2011, MOE in coordination with UNDP prepared a mas-
ter plan for the closure and rehabilitation of uncontrolled
dumps. For that purpose, a comprehensive geographic
information system (GIS) database of uncontrolled dumps
was established to determine their locations and develop
an action plan for their rehabilitation and/or closure. An
in-depth multi-criteria risk sensitivity analysis, taking into
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consideration all major physical, geological, environmen-
tal, legal, and socio-economic factors, was used to prior-
itize the dumps and identify the most suitable rehabilita-
tion option. The survey showed that the total number of
MSW dumps was 504 and that the cost of their closure
or rehabilitation was US$52 million; of which US$35 mil-
lion is for the closure of the 20 priority dumps (MOE/
UNDP/ELARD 2011). The master plan also identified 166
construction and demolition (C&D) dumps distributed
across the country and proposed measures and costing
for their closure or rehabilitation.

Explicit fee and cost recovery systems for SWM do not
exist in Lebanon, which suffers from major budget defi-
cits in this sector. Collection and treatment or disposal of
SWM often takes up a large portion of municipal budg-
ets, leaving little for community development projects.
Financing of waste management infrastructure is cur-
rently achieved through three mechanisms: allocation of
budget from the Independent Municipal Fund, fees paid
directly by municipalities, and international loans and
grants.

Waste management costs incurred by municipalities vary
greatly across the country and depend on the level of
service provided. In the BML area, the unit rate for the
collection, transport, treatment, and disposal of MSW
is estimated at around US$130/ton of which about
US$30 to USD35/ton is related to collection and trans-
port (SWEEPNET 2014). This cost is substantially high to
the point that municipalities that are part of this system
are being starved of funds for other municipal services.
Outside BML, waste management costs (collection and
disposal) are substantially low. They are around US$45-
52/ton in Zahle and Tripoli (with disposal amounting to
US$20-29/ton), and around US$20-30/ton in some rural
areas relying on disposal in open dumps (with collection
amounting to US$10-18/ton) (SWEEPNET 2014). In most
OMSAR constructed facilities, the cost for treatment
(sorting and composting) is around US$25/ton.

Health care waste quantities in Lebanon were estimated
in 2010 at 69 tons per day (t/d)—13.8 t/d for hazardous
infectious waste and 55.2 t/d for non-hazardous infec-
tious waste (SWEEPNET 2014). Around 60 percent of
the infectious waste is being treated by shredding and
autoclaving while the remaining part is mixed with the
municipal waste and disposed of in the environment.
In terms of infrastructure for treatment of health care
waste, there are currently two on-site and five off-site
operating autoclaving/microwaving centers distributed
all over the country.

2.1.3 Strategies

Management of MSW in the country does not yet benefit
from a well-delineated national policy to define the over-
all tools or means for achieving goals and for combin-
ing forces between the key stakeholders (mainly MOE,
MOIM, MOF, OMSAR, and CDR). Major difficulties have
been encountered with the implementation of the strate-
gies (2003, 2006, and 2010) due to the objection of the
population as well as funding constraints.

The September 2010 Plan that was endorsed by COM
Decision 55 (dated 1 September 2010) favored the waste-
to-energy (WTE) option in large cities (due to absence of
land to build landfills) and builds on the 2006 plan for the
rest of the Lebanese territories. In February 2013, MOE,
MOIM, and CDR proposed a draft plan based on the ear-
lier strategies of 2006 and 2010 and on the latest RAM-
BOLL feasibility study (RAMBOLL 2012) for the adoption
of WTE in major coastal cities. The proposed plan in-
cluded a combination of sorting, composting, WTE, and,
landfilling facilities. Lately, an inter-ministerial task force
was formed by COM Decision 74 (dated 27 March 2014)
to prepare recommendations for a national strategy for
SWM and propose alternative solutions for Naameh sani-
tary landfill and Tripoli semi-controlled dump. These draft
plans are still being debated while the Naameh sanitary
landfill contract is scheduled to expire by mid-January
2015—putting the fate of waste management in BML
at great risk.

2.1.4 Legislation

To date, no legislative text deals directly with SWM in
Lebanon. Small fragments of legal texts exist and provide
general guidelines and unclear roles and responsibilities
for entities to act with respect to MSW. Enforcement
is practically non-existent due mostly to staffing con-
straints, lack of training, low level of fines, and political
interferences. In 2005, the MOE prepared a draft law on
Integrated SWM that was submitted to COM in October
2005. The draft law was approved by the COM in Janu-
ary 2012 and sent to the parliament for ratification in
March 2012, where it is being reviewed by the various
committees.
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2.2 ENVIRONMENTAL ASSESSMENT

The incremental daily quantity of MSW attributed to ref-
ugees reached 683 t/d based on May 2014 estimates and
is expected to reach 889 t/d or 324,568 tons per year (t/y)
by end of 2014 (Table 2.1). This was estimated by cal-
culating the waste generation rates of refugees in each
area (varying between 0.43 to 0.53 kg/refugee/day) and
multiplying them by the number of refugees distributed
in each caza (refer to the methodology presented in An-
nex B — Box B1 for details).

Table 2.1 Distribution of incremental quantities of
MSW by end 2014

Daily
Incremental .
dail capacity Increased
Mohafaza ua)r:tit before burdens
?tld) y crisis (%)
(t/d)
BML 321 2,950 10.9
North
ort 198 1,100 18.0
Lebanon
Bekaa 253 670 37.7
south 117 940 12.4
Lebanon
TOTAL 889 5,660 15.7

The estimated quantities generated by end of 2014 will
be used for assessing the environmental impacts and
analysis throughout this chapter. The incremental annual
waste generated by refugees is significant and is equiv-
alent to 15.7 percent of the solid waste generated by
Lebanese citizens prior to the crisis.

The methodology used to calculate the waste generation
rates and the incremental waste quantities attributed to
refugees in different areas is provided in Annex B — Box B1.

Map 2.1 shows that the highest incremental quantity
of solid waste generated by refugees will be recorded in
Mount Lebanon (Baabda, Matn, Aaley and Chouf), Zahle,

Baalbeck, Akkar, Tripoli, Minieh, and West Bekaa where
the highest numbers of refugees are present and in ar-
eas with the highest numbers of ITSs (except for BML).
The highest burden on the existing infrastructure will be
noted in the Bekaa (37.7 percent) and North Lebanon
(18 percent) where the infrastructure was facing severe
difficulties prior to the crisis.

The incremental cost for managing and disposing of the
waste generated by the refugees based on end of 2014
estimates was calculated to be US$23.8 million/year ac-
cording to the in-place waste management system (refer
to Annex B - Table B-1).

2.2.1 Overstressing of existing SWM infrastructure

Incremental quantities of MSW generated by refugees
are being managed within the existing infrastructure
present in the caza or the municipality. The destination
of these incremental quantities is presented in Annex B,
map B-2. For instance, the incremental quantity of waste
generated in BML (317 t/d by end of 2014) is being di-
rected to the existing sorting and composting facilities for
processing and then sent to the Naameh sanitary landfill.
This incremental quantity, which constitutes 11 percent
of the existing current capacity, is adding stress on the
equipment at the sorting facilities (more wear and tear)
and speeding up the filling of the Naameh sanitary land-
fill. This is also resulting in an incremental generation of
around 37,000 tons of leachate per year (CDR/LACECO
Supervision of Greater Beirut Sanitary Landfills- Progress
Report No. 1999, 2014) that need to be disposed of
and additional release of methane gases that need to be
flared.

The same overstressing is noticeable in existing or new-
ly constructed SWM facilities (Tripoli, Zahle, Ain Baal,
Minieh) whereby design capacities are no longer ad-
equate to treat and dispose of the generated waste in
the caza.

Stress on the collection infrastructure is also observed.
Municipalities are finding it difficult to collect the in-
creased quantities of waste with their existing vehicles. In
some regions (Union of Municipalities of Tyre and Akkar),
trucks that collected waste twice per week prior to the
crisis are being used more frequently now to collect the
additional quantities of waste (Refer to Annex A, Table
A-5: Summary of interviews with municipalities and
unions of municipalities). Trash and littering are often
noticeable along roadsides ditches and channels, which
puts more pressure on municipalities to clean up the area.

Chapter 2: Impact on the Solid Waste Sector
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The burden on municipalities is clearly visible in terms of
increase in the spending on SWM by municipalities from
the national treasury, which increased by 11 percent be-
tween 2011 and 2012 and by 40 percent between 2012
and 2013 (MOF 2013).

2.2.2 Increase in open dumping and open burning

Apart from BML, Zahle, Tripoli, Minieh, Saida, and Tyre
where full (treatment and disposal) or partial (either
treatment or disposal) SWM solutions exist (fate of 48.4
percent of incremental MSW quantities), the remaining
incremental quantities of MSW (51.6 percent) will be
disposed of in existing open dumps along with the waste
generated by Lebanese residents (refer to Table 2.2).

Of the 459 t/d incremental quantities disposed of in open
dumps, it is estimated (based on calculations adopted
from MOE/UNDP/ELARD 2011, presented in Annex B,
table B2), that 290 t/d will be open-burned while 169
t/d will be deposited into existing dumps. This will result
in the increase in the volumes of leachate generated in
open dumps that will seep into the ground (at a rate of
0.25 to 0.35 tons of leachate/ton of waste per year based
on Naameh sanitary landfill data) and in the release of
air pollutants that will increase odor and air pollution.
A detailed analysis of the impact of open burning on air
pollution and odor is presented in Chapter 4 — Impact
on Air Quality.

2.2.3 Increase in the contamination of land and soil

Open dumping of MSW and runoff of leachate from
dumps causes soil contamination and soil condition de-
terioration and ultimately affects land use. This is par-
ticularly seen in areas where Informal Tented Settlements
(ITS) prevail. Littering and disposal of waste in open chan-
nels and on river banks can be seen close to ITSs. The
incremental volume of waste disposed of in dumps is es-
timated at 478,612 m3/yr by end of 2014 (density used
is 0.35 tons/m3). Part of this waste is burned while the
other part is deposited in existing dumps. This increases
the area of contamination of land and soil surrounding
the existing dumps. Using an average height of waste
of 1.41 m in dumps practicing open burning and 2.3 m
for waste deposited in dumps [based on statistics from
(MOE/UNDP/ELARD 2011)], and noting that only a partial
amount of the waste is going to occupy a new space in
existing dumps, the incremental land contaminated ar-
eas close to dumps is estimated to increase by a total of
109,075 m2.

Table 2.2 Destination of incremental MSW quantities

Incremental

Destination quantity (t/d) (%)
E‘)jit?rgpzrr]:?ag]?:jﬁtei:s 430 484
In dumps 459 51.6
TOTAL 889 100

The impact of contaminated soil on landscapes and wa-
ter bodies is assessed in Chapter 5 — Impact on Land
Use and Ecosystems.

2.2.4 Increase in the contamination of surface
and groundwater

Disposal of MSW in open dumps and on river banks ad-
versely affects surface and groundwater resources de-
pending on soil permeability of the site. A prioritization
decision tool through GIS modeling was used to produce
a hot spot map based on risk sensitivity assessment in
relation to incremental waste quantities deposited in
dumps, and the geology and hydrogeology of the sites
(MOE/UNDP/ELARD 2011). A detailed methodology for
the prioritization of impacts on surface and groundwater
is presented in Annex B, Box B2.

For surface water pollution, an overlay of the incremental
quantity of waste over hydrology data (distance to drain-
age line and distance to springs) resulted in a hot spot
map for high priority areas (see Annex B, maps B3 and
B4). The sites with the highest impact on surface water
contamination were mainly in Srar, Fnaydek, Adweh in
the North; Baalbeck, Barr Elias, Qabb Elias and Machgha-
ra in the Bekaa; Ras el Ain and Qana in the South. These
sites are either sitting on aquifers, or are very close to
drainage lines, springs or major rivers.

For ground water pollution, an overlay of the incremen-
tal quantity of waste over geological data (both lithol-
ogy and faults density) produced a high priority area
map in relation to groundwater contamination. The sites

Chapter 2: Impact on the Solid Waste Sector
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with the highest impact on groundwater contamination
are mainly Srar, Berkayel, Adweh, Kfarzaina and Hamat
in the North; Baalbeck, Taalbaya, Saadnayel, Barr Elias,
Qabb Elias, Ghazze in the Bekaa; Ras el Ain and Kfartibnit
in the South. These are mainly located in areas with the
highest soil infiltration rates or in areas where faults are
densely present.

A combination hot spot map showing the impact of in-
cremental SW quantities on both surface and ground-
water is presented in Map 2.2. The hot spot map indi-
cates that most of the sites listed above (17 sites marked
with red dots) present the highest impact on surface and
groundwater. These are mainly located in Akkar and the
Bekaa. Medium impact sites (around 87 sites marked by
green dots on the map) are spread all over the country.

2.2.5 Deterioration of health and safety conditions

Open burning of waste will result in the release of toxic
air pollutants such as dioxins and furans that are carcino-
gens and negatively impact the health and safety of hu-
mans. These impacts are further discussed in Chapter
4 - Impact on Air Quality.

Dumpsites could also become insect and rodent breeding
grounds that would transmit vector-borne diseases. Dur-
ing winter, stagnant water ponds are commonly found
on such sites and increase the likelihood of vector-borne
disease transmission. The most common health risks are:
eye irritation, tuberculosis, diarrhea, typhoid, dysentery,
coughing, and scabies.

The harsh weather and the tough living conditions that
refugees are facing are having a direct impact on their
health. This increases the burden on the health care cent-
ers in Lebanon and results in an increase in the quantity of
infectious medical waste that requires proper treatment
before disposal. Based on health data collected through
UNHCR for referrals to hospitals in 2013 (MOPH/UNHCR
2014), and based on an average stay of 3.1 days /case
in hospitals (Hamandi 2013), the incremental quantity of
health care waste generated from hospitals and primary
health care centers was calculated in Annex B, Table
B-5: The results showed an increase of 420 t/y of infec-
tious waste (based on end 2014 estimates). Review of
records for the quantity of infectious waste collected and
treated at arcenciel facilities in year 2013 revealed that
72.2 percent of the waste (303.4 t/y) are being collected
and treated by autoclaving and shredding while the re-
maining (116.8 t/y) are being disposed of in the environ-
ment (arcenciel 2013). This was seen in some hospitals

across the country mainly in Tyre, Nabatiyeh, Bent Jbeil,
Marjeyoun, Tripoli, and Hermel. Such improper manage-
ment of medical waste causes serious environmental
problems in terms of air, water and land pollution such
as spread of disease from biological and infectious waste
(tuberculosis, HIV, hepatitis B and C) or the spread of cy-
totoxic wastes or drugs in the environment.

2.2.6 Opportunity loss from recycling of waste

Recycling of waste has the potential of reducing wast-
age in terms of recyclable materials and space needed
for landfilling. Dumping MSW without segregation of re-
cyclables and organic matter creates an opportunity loss.

Based on the composition of solid waste in Lebanon, the
incremental quantity of dumped recyclables was estimat-
ed, and the incremental opportunity loss was calculated
(based on a recycling capability of 60 % out of the recy-
clable materials present in the waste stream) according
to the prices of recyclables in the Lebanese market (refer
to Table 2.3).

Table 2.3 Basis for the calculation of incremental
dumped recyclables

Incremental quantity of waste

324,568 t/
generated by refugees ' yr
| tal tity of t
ncremental quantity of waste 105,701 thr
burned
Incremental tity of t

sl quantity of waste 61,813 thr
deposited in dumps
| tal tity that
ncremental quantity that can 167,514 thr

be recycled (theoretical value)

Opportunity loss is calculated based on recycling
capability of 60 % of recyclables

The results indicated that the opportunity loss of potential-
ly recyclable materials is around 79,000 tons per year with
a net economic loss of US$3.4 Million (refer to Table 2.4).
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Table 2.4 Opportunity loss from lost recycling activities

Material Percentage
(%)

Organic material 53

Paper & cardboard 16

Plastics 12

Metals 5

Glass 4

Textile, wood and others 10

TOTAL OPPORTUNITY LOSS/year (USD)

2.3 ENVIRONMENTAL MANAGEMENT PLAN
FOR THE SOLID WASTE SECTOR

The impacts of the Syrian conflict on the solid waste
sector were found to be significant, with an estimated
increase of 15.7 percent of the total solid waste quanti-
ties generated by Lebanese citizens prior to the crisis. The
identified impacts include the overstressing of existing
SWM infrastructure, increase in littering, deterioration in
health and safety conditions, contamination of land, soil,
water and groundwater in priority impacted areas, and
opportunity loss from recycling activities.

Accordingly, an EMP for the SWM sector is proposed
and includes potential mitigation measures along with
planned and proposed actions, responsible parties, capi-
tal and O&M costs, and a timeframe (short and medium
term) for implementation. The complete EMP is present-
ed in Table 2.5.

2.3.1 Potential mitigations measures
2.3.1.1 Short-term mitigation measures:

¢ Providing additional waste collection bins and trucks
(of different types and sizes) to cater for the collection
of the incremental quantities of solid waste (889 t/d
by end of 2014) generated across the host communi-
ties, and to reduce waste littering. The exact number

Quantity that can be Market Price Opportunity
recycled (tons/yr) (USD) loss (USD/yr)
88,783 0 0

26,802 40 643,254
20,102 110 1,326,712
8,376 260 1,306,610
6,701 30 120,610
16,751 0 0

167,514 3,397,187

of additional bins and trucks needed to cater for the
incremental waste quantities is provided in Annex B,
table B-6. It should be noted that the number of bins
and trucks already provided by international agencies
as part of their support (under the WASH sector) to
some host communities should be deducted from the
total numbers indicated in the above-mentioned table.

Reducing packaging of food items to minimize waste
quantities and littering. This can be accomplished
by changing the distribution mode of food adopted
by some of the donor agencies from food boxes to
electronic cards or vouchers as commonly adopted in
other areas.

Promoting waste sorting at source and implementing
recycling projects and activities in host communities.
This can be accomplished by organizing the collection
and selling of source separated recyclable items to lo-
cal Lebanese industries once collected recyclable quan-
tities and costs justify the economies involved.

Collecting and treating health care wastes through
recognized service providers or in nationally approved
treatment centers. International agencies and NGOs
working in the health sector should be directed to pro-
vide health referrals only to health care centers that
have the proper means for the treatment and disposal
of their medical wastes.
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¢ Reducing the financial burdens on host communities
by paying them the O&M fees incurred for the treat-
ment and disposal of the incremental quantities of
generated wastes in accordance with the status quo
situation. This will alleviate the burdens imposed on
municipalities and help them direct funds to imple-
ment other municipal development projects.

e Banning the burning of waste in open dumps in order
to reduce air pollution and the release of toxic con-
taminants in host communities.

2.3.1.2 Medium-term mitigation measures

e Building the necessary SWM infrastructure (sorting
and composting facilities, as well as sanitary landfills)
in priority impacted areas so that solid waste gener-
ated by refugees and host communities can be prop-
erly disposed of. Building this infrastructure will help
reduce the environmental impact of land and soil
contamination, as well as surface and ground water
pollution.  This infrastructure includes building the
facilities identified in the EU financed projects that
will be implemented with the Office of the Minister
of State for Administrative Reform (OMSAR) (Upgrad-
ing Solid Waste Management Capacities in Bekaa and
Akkar Regions in Lebanon - SWAM 1 and SWAM 2),
EU financed project that will be implemented through
the ESFD (Municipal Finance project- MUFFIN), CDR
projects financed either through the Kuwait Fund in
Tripoli or World Bank (the Lebanon Municipal Service
Emergency Project (LMSEP)). One identified project not
included in any of these potentially donor funded pro-
jects is the construction of a sanitary landfill to serve
Tripoli, Minieh and Dannieh. The construction of all of
these projects will help alleviate the environmental im-
pacts of the incremental waste generated by refugees,
as well as by the Lebanese host communities. Map 2.3
shows that once these projects become operational,
the majority of the areas where refugees are present
will be served by a SWM system and consequently, the
damage to the environment will be greatly reduced.
These mitigation measures exclude the proposed WTE
plans for the BML and other regions.

e Securing the financing for the O&M of these facilities
from the national budget once construction is com-
pleted.

e Closing and/or rehabilitating identified priority dumps
in areas of high refugee concentration and where high
impact of pollution to surface and groundwater was
identified in section 2.2.4. These include the closure

of 17 high impact priority dumps (listed in Table 2.5)
in North Lebanon, Bekaa and South Lebanon, and 87
medium priority dumps identified in Map 2.2.

2.3.2 Environmental monitoring and capacity
development

For each set of mitigation measures, an environmental
monitoring plan and a capacity development plan are
proposed.

Environmental monitoring for short-term mitigation
measures include field observations and monitoring by
municipalities and active NGOs of open burning, reduc-
tion of waste littering, reduction in packaging waste
quantities, increase in the quantity of recyclables, and
increase in income from selling of recyclables. Additional
measures include monitoring the quantity of properly
managed infectious waste, reviewing and evaluation by
MOE of health care service providers’ reports and moni-
toring environmental spending of municipalities. For me-
dium-term mitigations which include the construction of
the needed SWM infrastructure (excluding the proposed
WTE plans for BML and other regions) and the closure/re-
habilitation of existing dumps, environmental monitoring
measures include the preparation of EIAs for all proposed
projects and their approval by MOE, including the EMPs
in the tender documents and ensuring their implementa-
tion by the supervising consultants, supervision of daily
operations, monitoring health and safety conditions and
monitoring gases and leachate in dumps rehabilitation
projects.

Capacity development plans should be led by MOE and
should be mainly targeted to host communities, active
NGOs, and International Agencies. Capacity develop-
ment plans should address the following:

e training of municipal police and staff on the SWM
principles and on enforcement of legislation,

e raising awareness on the impact of packaging wastes
on the environment and on waste sorting at source,
as well as on the proper management of health care
waste, and,

e promoting hygiene among refugees to prevent spread
of diseases.

For measures including construction of infrastructure,
capacity development plans should include training of
municipal staff on tendering procedures, procurement of
services for the O&M of facilities, principles of integrated
waste management and the proper procedure for the
closure and/or rehabilitation of dumps.
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Map 2.3 Existing and proposed pipeline SWM projects
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2.3.3 Environmental management plan costs

The total capital cost for the implementation of the pro-
posed mitigation measures over the short and medium
terms (i.e. until 2020) including environmental moni-
toring and capacity development reached 131 MUSD.
A substantial amount (32.1 MUSD) is already secured
from several funded projects (SWAM1 and MUFFIN
through EU, LMSEP through World Bank, expansion of
Tripoli facility through the Kuwait Fund) while another
28.6 MUSD are earmarked by the EU for the SWAM 2
project. The remaining amount (70.3 MUSD) should be
secured mainly from International Agencies/Donors and
National Government for the closure and rehabilitation
of dumps and the provision of the necessary collection
infrastructure to facilitate the collection and disposal of
the incremental quantities of waste generated by refu-

gees. Other capacity development and environmental
monitoring costs can either be secured from MOE budg-
et, municipal budgets, active NGOs or humanitarian aid
agencies budgets.

The incurred costs for O&M of the SWM infrastructure
and other components of the EMP amounted to 24.9
MUSD/year in the short term and will increase gradu-
ally to 32.7 MUSD/year in the medium term with the
advancement in the construction of the needed infra-
structure. These O&M costs exclude the amounts that
will be incurred by the potential change of the waste
management system in BML and other regions in the
medium term.
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Table 2.5 - Environmental management plan to mitigate the potential impacts of the Syrian conflict on solid waste <

Potential Impacts

1. Increased littering

2. Opportunity loss
from recycling
activities

Potential Mitigation
Measures

1.1 Provide
additional waste
collection bins and
trucks to host
communities in
accordance to the
distribution of
refugees and the
incremental quantity
of waste generated
by cazas

1.2 Reduce
packaging of food
items to reduce
waste quantities and
littering

2.1 Implement
recycling activities in
areas where refugees
are present

Nature of
Measures

Technical

Technical

Environmental
monitoring

Capacity
development

Technical

Environmental
monitoring

Capacity
development

Technical

Environmental
monitoring

Capacity de-
velopment

Planned/proposed actions

Provision of 16,800 bins (240 liters) and 2,500 bins (1100 lit-
ers) to host communities in areas where refugees are present
in order to contain the incremental quantities (refer to Annex
B-table B6).

Provision of 225 waste collection pickup trucks (volume 5 m3)
and 100 compactor trucks (volume 10 m3) to host communities
in order to collect and transport the incremental quantities (refer
to Annex B-table B6).

Monitoring the extent of reduced littering in areas where
refugees are present through field visits and observations.

e Training of municipal police and municipal staff on SWM
principles.
e Training on enforcement of legislation.

Changing all food aid distribution mode from food boxes to
refugees e-cards in all areas across Lebanon to reduce
packaging wastes.

Monitoring reduction of packaging wastes in the waste stream.

Raising awareness among NGOs and Humanitarian aid agencies
on impacts of packaging waste on the environment and how to
reduce packaging waste.

Implementing sorting at source projects and activities in areas
where refugees are present and sell collected recyclables.

Monitoring the increase in the quantity of recyclables sold and
the increased income from selling of recyclables.

e Raising awareness on waste sorting at source through a na-
tional campaign.

e Including environmental awareness in educational plans in ISs
and other substandard areas.

e Providing contact details of the recycling industries operat-
ing in Lebanon (refer to management of recyclable material for
Lebanese municipalities booklet produced by OMSAR, MOE and
the Italian Cooperation for Development).
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ector in Lebanon

Responsible parties

Municipalities, NGOs

Municipalities, NGOs

Municipalities, NGOs

MOE, Municipalities, NGOs

Arab donors, NGOs, WFP

Municipalities, NGOs

MOE, Humanitarian aid
agencies, NGOs

Humanitarian aid agencies,
Municipalities, NGOs

Municipalities, NGOs

MOE, Municipalities, NGOs,
Media

Capital cost
(MUSD)

1.84

15.375

0.20

0.10

0.05

0.20

0.20

O&M costs
(MUSD/year)

0.80

Timeframe

Short term

Short term

Short term

Short term

Short term

Short term

Short term

Short term

Short term

Short term

Remarks

A number of bins and trucks has already been
offered by International Agencies

A number of bins and trucks has already been
offered by International Agencies

Chapter 2: Impact on the Solid Waste Sector



Potential Impacts

3. Deterioration in
health and safety
conditions

4. Overstressing of
existing SWM
infrastructures

5. Contamination
of land, soil, water
and groundwater
in priority impacted
areas

Potential Mitigation
Measures

3.1 Collect and treat
health care waste
through recognized
service providers or
in nationally
approved treatment
centers

4.1 Reduce the
burdens by
alleviating the
financial pressure

on municipalities

to dispose of waste
within their premises
according to the
status quo situation

5.1 Build the
necessary
infrastructure in
priority impacted
areas so that solid
waste generated by
refugees and host
communities can be
properly disposed of

Nature of
Measures

Technical

Environmental
monitoring

Capacity
development

Technical

Environmental
monitoring

Capacity
development

Technical

Technical

Planned/proposed actions

Refugee health programs to provide referrals only to health care
centers that have a contract or a facility for the proper treatment
and disposal of their infectious medical waste.

¢ Monitoring the proper management of the quantity of
infectious waste generated by refugees.

e Reviewing and monitoring private sector service operators
reports and data.

e Raising awareness on proper management of HC waste

e Communicating to humanitarian NGOs information on Health
care institutions that are properly managing their waste.

e Increasing awareness and promoting hygiene among refugees
to prevent spread of diseases.

Paying O&M fees to municipalities for the treatment and dis-
posal of the incremental waste quantities generated by refugees
(889 t/d) in accordance to the status quo situation.

¢ Monitoring expenses of municipalities on SWM and ensuring
that the burdens are reduced.
e Monitoring environmental spending of municipalities.

Raising awareness among international agencies on the existing
SWM situation and communicating current costs of treatment/
disposal as per status quo.

Implementing SWAM 1 project include:

e Consultancy services and capacity building
e Build SL in Srar and close existing dump

e Expand Zahle SC facility

e Build SL in Baalbeck

e Build SC in Joub Jannine

Implementing SWAM-2 project include:

e Consultancy services and capacity building

e Upgrade SC (150 t/d) in Hbaline and in Minieh(100 t/d)

e Build SC in Srar (200 t/d), Koura (80 t/d), and Zgharta (120 t/d)
e Build SL for Joub Jannine and Nabatiyeh (200 t/d)

e Build SL in Tyre (250 t/d) and rehabilitate Ras El Ain

e Build SCL for Zahrani Union (100 t/d) and Bint Jbeil (150 t/d)
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Responsible parties

NGOs (Health)

MOE,
Private sector service
operators

MOE, MOPH,
Private sector service
operators

Municipalities,
Humanitarian Aid Agencies

MOF, Municipalities, MOE

MOE,
NGOs, Humanitarian Aid
Agencies

OMSAR,
Union of Municipalities

OMSAR,
Union of Municipalities

Capital cost
(MUSD)

0.10

0.05

19.04

28.56

O&M costs
(MUSD/year)

0.10

24.00

6.75

16.7

Timeframe

Short term

Short term

Short term

Short term

Short term

Short term

Medium Term

Medium Term

Remarks

O&M fees for the treatment and disposal of
healthcare wastes should be paid by the health-
care centers

O&M fees to be secured through
International Agencies and Donors

Capital secured from EU to OMSAR, O&M to be
secured from national budget

Capital earmarked by EU to OMSAR, O&M to be
secured from national budget
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Potential Impacts

5. Contamination
of land, soil, water
and groundwater
in priority impacted
areas

TOTAL

Potential Mitigation
Measures

5.1 Build the
necessary
infrastructure in
priority impacted
areas so that solid
waste generated by
refugees and host
communities can be
properly disposed of

5.2 Close identified
priority dumps in
areas of high
refugees
concentration where
high impact of
pollution to surface
and groundwater
was noticed

Nature of
Measures

Technical

Technical

Technical

Technical

Environmental
monitoring

Capacity
development

Technical

Technical

Technical

Environmental
monitoring

Capacity
development

Planned/proposed actions

Implementing the SWM component of the Municipal Finance
(MUFFIN) project which includes:

e Providing bins and vehicles in Minnieh-Dennieh and in Hermel.
e Building a SCL in Qabb Elias, Barr Elias and EI Marj.

Implementing CDR financed project in Tripoli: Increase the ca-
pacity of Tripoli Sorting and composting facilities to 420 t/d.

e Implementing SWM components of the Lebanon Municipal
Service Emergency Project (LMSEP) by CDR.

e Implementing SWM activities and projects in 11 Union of
Municipalities.

Building a sanitary Landfill to serve Minieh-Dennieh and Tripoli.

e Preparing EIAs for all proposed projects and securing their ap-
proval by MOE.

e Including EMP in tender documents.

e Supervising consultants to ensure that EMPs of EIAs are followed.
¢ Monitoring of daily operations.

Training of municipal staff on tendering procedures and
procurement of services (for O&M of SWM facilities) and on the
basic principles of ISWM.

Banning the open burning of waste in existing dumps to reduce
air pollution.

Closing the 17 priority dumps having a high impact on surface
and groundwater in:

e North: Srar, Fnaydek, Mquaitaa, Berkayel, Adweh, Deir Nbouh,
Beslougit.

e Bekaa: Baalbeck, Hawch el Refga, Barr Elias, Qabb Elias, Taal-
baya, Machghara.

e South: Deir Qanoun el Nahr, KfarTibnit, Qana.

Closing all medium priority dumps in areas of high concentra-
tion of Syrian refugees (around 87 dumps shown in Map 2.2)

e Preparing EIAs for the closure of all dumps

Including EMP in tender documents (monitoring of gases and
leachate)

e Ensuring reporting to MOE.

e Supervising consultants to ensure that EMPs are followed.
¢ Monitoring health and safety during closure operations.

e Monitoring the ban on open burning of waste by municipal
police.

National awareness campaigns on the environmental impacts of
dumps and on the proper procedures for their closure/rehabilitation.
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Responsible parties

ESFD, Municipalities

OMSAR, CDR, Union of
Municipalities of Al Fayhaa

CDR,
Union of Municipalities

MOE, OMSAR, CDR, Union
of Municipalities

MOE, Supervising
Consultants, Municipalities

MOE, Supervising
Consultants, Municipalities

MOE, Municipalities

MOE, Municipalities

MOE, Municipalities

MOE, Municipalities, Su-
pervising Consultants

MOE, Municipalities

Capital cost

(MUSD)

4.95

4.08

4.00

5.0

26.5

20

0.595

0.2

131.04

O&M costs

(MUSD/year)

1.65

3.90

1.20

2.5

57.6

Timeframe

Medium Term

Medium Term

Medium Term

Medium Term

Medium Term

Medium Term

Short term

Medium Term

Medium Term

Medium Term

Medium Term

Remarks

Capital secured by EU through ESFD, O&M to be
secured from national budget

Capital secured by Kuwait Fund to CDR, O&M to
be secured from national budget

Capital secured from World Bank, O&M to be
secured from national budget

Project requires funding

Budget included as part of the
different projects components
financed by EU, World Bank and Kuwait Fund
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AND WASTEWATER
SECTORS







3.1 WATER SECTOR

3.1.1 Baseline conditions of the water sector
3.1.1.1 Water supply and demand

Lebanon’s renewable water resources are estimated at
around 926 m3/capita/year (MOEW 2010).

Current domestic water demand varies between 160 lit-
ers per capita per day (Icd) in rural areas and 180 (Icd) in
urban areas. As for water consumption, agriculture is the
largest water consumer (Figure 3.1) in a country where
farmers still use inefficient flood irrigation methods fed
by open water channels (MOEW 2010).

Figure 3.1 Water consumption across different
sectors (MOEW, 2010)

¥ Agriculture
Domestic
Industrial

In 2010, total water supply reached 1,377 Million Cubic
Meters (MCM)/year originating from surface water (46
percent), groundwater (51 percent), and used storage
(three percent) (MOEW 2010).

Groundwater is over-extracted (0.7 BCM against total re-
charge of 0.5 BCM). In 2012, Lebanon was already using
two thirds of its available water resources. This rate of
water withdrawal is very high compared to global stand-
ards (averaging 10-30 percent for other regions), and
includes a substantial component of resource mining,
depleting Lebanon’s water capital (World Bank 2012).
A survey conducted by MOEW/UNDP showed that there
are around 21,000 licensed private wells and 59,124 un-
licensed private wells in Lebanon (MOEW/UNDP 2014).

The risk of water deficit is aggravated by the seasonal
discrepancy between supply (peaking in the winter) and
demand (peaking in the summer). Factors contributing
to this seasonal water imbalance are the very low water
storage capacity (6 percent of total resources) and the

consequent high rate of losses to the sea, combined with
the deficiency of water supply networks (World Bank
2012).

At the national level, the rate of household connections
to the public water supply systems is around 79 percent
with discrepancies at the regional level. The total unac-
counted for water reached 48 percent. In the BML ser-
vice area, where more than half of the population lives,
water supply scarcity is exacerbated by poor public wa-
ter networks as well as severe water rationing; water is
supplied for no more than 3 hours daily in the summer
(World Bank 2012; MOEW 2010). The absence of vol-
umetric charges is limiting incentives for water conser-
vation at the consumer level, as well as production at
the Water Establishment (WE) level (MOEW 2010). The
four regional WEs show significant weaknesses in non-
revenue water and bill collection, which are crucial to fi-
nancial sustainability (World Bank 2010). The rationing of
public water supply for domestic consumption has led to
significant proliferation of private sources of water sup-
ply. Private water supply accounts for 65 percent of total
water expenditure of connected households and reaches
75 percent of total water expenditure of unconnected
households (World Bank 2010).

“Recurring dry years have been common in Lebanon’s re-
cent history, with frequent occurrence of 2 to 3 consecu-
tive dry years. Lebanon’s water sector has planned to face
a moderate dry year scenario (>70 percent of average
year precipitation). This current year (2013-2014) repre-
sents a particular case of a severe dry year, with more
than 50 years recurrence interval and a precipitation level
forecasted to be 48 percent less than an average year. A
preliminary estimation of this year’s water deficit amounts
to 728 MCM. The impact of water scarcity will be more
significant on surface water springs, and variably, to less-
er extents, on groundwater wells” (Tayar 2014).

3.1.1.2 Water quality

Water quality monitoring remains a major challenge in
Lebanon as water quality data is not published. Two gov-
ernment institutions are responsible for water testing
and quality monitoring. The MOEW monitors the quality
of water resources at the meter/gauge level whereas the
Ministry of Public Health (MOPH) monitors the drinking
water at the tap level and in some cases also the source.

Domestic water supply is below capacity and sometimes
below water drinking standards which prompts consum-
ers to augment (bottled water, wells, etc.) and/or treat
their water supply (EU 2011).
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3.1.1.3 Legal and institutional framework

Existing legislation for the protection of water resources
in Lebanon dates back to the 1920s and even to the Ot-
toman era (World Bank 2011). Law 221/2000 initiated
the reform of the water sector and delegated the respon-
sibility for the delivery of potable water, including water
for irrigation as well as the operations and management
of wastewater, to the WEs and to one pre-existing river
basin agency (The Litani River Authority - LRA) with a
clear separation between policy-making and service pro-
vision (World Bank 2010).

The CDR is in charge of planning and executing donor-
funded water and wastewater infrastructures on behalf
of the concerned ministries. The MOE is responsible for
controlling pollution and regulating all activities that im-
pact the environment. The MOPH has the responsibility
of monitoring drinking water to ensure compliance with
local and international standards and monitoring the
incidence of waterborne diseases (MOE/UNDP/ECODIT
2011).

The GOL has made the reform for the water sector a
national priority and has prepared a National Water Sec-
tor Strategy (NWSS), which was adopted by the COM in
March 2012. The NWSS goal is "to ensure water supply,
irrigation and sanitation services throughout Lebanon on
a continuous basis and at optimal service levels, with a
commitment to environmental, economic and social sus-
tainability’. This goal is to be attained through a combi-
nation of infrastructure, policy and institutional initiatives
(World Bank 2012). The capital expenditure requirement
for Lebanon’s water sector for the years extending from
2011 to 2020 was estimated at USD7.74 billion and the
operational expenditure requirement at USD2.1 billion
(MOEW 2010).

3.1.2 Environmental impacts in the water sector
3.1.2.1 Depletion of water resources

The average daily per capita water consumption of ref-
ugees was calculated based on a survey conducted by
Solidarités International for water consumption accord-
ing to the refugees’ and type of shelter'? (UNHCR 2014),
and was estimated between 64 and 104 liters. The incre-
mental increase in domestic water demand for refugees
is estimated between 33 and 53 MCM based on 31 May
2014 estimates of number of refugees; and, it is expect-
ed to reach 43 to 70 MCM by the end of year 2014,
which corresponds to an increase ranging between 8 and

12 percent of the national water demand'. This increase
varies across cazas and governorates, with the Bekaa
having the highest share, followed by the North, Bei-
rut, Mount Lebanon and the South. Map 3.1 shows the
distribution of the incremental refugees’ water demand
across the cazas.

The detailed methodology for the calculation of water
demand can be found in Annex C, Box C-1.

Main water sources used by refugees are the public water
network, wells and public reservoirs/standpipes as shown
in Table 3.1 below'. It should be noted that ground-
water constitutes the largest share of the sources of the
public network and public reservoirs/ standpipes.

Table 3.1 Sources of water used by Syrian refugees

Sources of water Percent
Public water network 30
Wells 24
Public reservoirs/Standpipes 22
Springs 12
Purchased 10
Mineral 1

Other 1

~

The survey classified water consumption into 3 categories
(<15 litres, between 15 and 35 litres and > 35 litres). Weight-
ed average water consumption per type of shelter was cal-
culated assuming that the consumption categories are: 15
litres, 35 litres, and 2 scenarios were adopted for the 3rd
category: a high estimate of 145 litres and low estimate of
85 litres were considered. Then, a national weighted average
was calculated taking into account percentage distribution of
refugees according to shelters (57 percent in apartments, 15
percent in informal settlements and 28 percent in substand-
ard buildings and collective shelters).

13 Due to the lack of data, this estimate did not include increase
in water demand in the agricultural and industrial sectors due
to refugees.

14 The percentage of water sources used by Syrian refugees
was estimated based on data presented in the report on the
vulnerability assessment of Syrian Refugees in Lebanon (WFP,
UNICEF, UNHCR, 2013).
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Map 3.1 Distribution of refugees’ water demand across cazas
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As such, it can be concluded that the increase in water de-
mand caused by the refugees is exacerbating the existing
stresses on water resources in general and to groundwa-
ter resources in particular. This is confirmed by available
data from the monitoring of water table levels during the
period of April 2013 to April 2014. A decrease ranging
between 1 and 20 meters was reported in a number of
wells in different Lebanese regions (Figure 3.2) (MOEW/
UNDP 2014). Moreover, data collected from LRA related
to the flow of some rivers and springs in the Litani River
basin showed a decrease in water flows and volumes be-
tween 2012 and 2013 (Figure 3.3) (LRA 2014).

Figure 3.2 Changes in groundwater levels in
selected wells from different regions
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Figure 3.3 Changes in water volumes in selected
water sources in the Litani River basin
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This data indicates an increased pressure on water re-
sources, which is due to several factors including low pre-
Cipitation rates and the increase in water demand from
Syrian refugees as shown in Annex C, figure C-1. This
pressure will have an impact on ecosystems, as presented
in Chapter 5 (Land Use and Ecosystems).

3.1.2.2 Water quality deterioration

Humanitarian agencies providing health interventions are
attributing high importance to diarrheal diseases associ-
ated with the consumption of poor water quality, noting
particular concerns for pregnant and lactating women,
and for children under the age of five (Inter-agency
WASH working group-Lebanon 2014). Tests on the bac-
teriological quality of water that have been performed by
Solidarités International showed high levels of contami-
nation (ten times higher than the WHO guideline values
for some chemicals). In Minieh-Dennieh and Zgharta dis-
tricts, an average of 63 percent of the tested boreholes
and municipality network outlets proved to be contami-
nated with fecal coliforms.

According to the WASH working group, the main issue
affecting water quality is the low quality and poor cleanli-
ness of the reservoirs which are not maintained regularly
and lack, for the most part, proper coverage that pro-
vides protection from external sources of contamination.

Moreover, due to the lack of water, proper sanitation and
hygiene, a sharp rise in communicable diseases and the
emergence of previously absent diseases were reported
among refugees’ communities and are transmitted to
close Lebanese communities (World Bank 2013). MOPH
worked with partners to contain an outbreak of measles
affecting a total of 1,700 children in 2013, 88 percent of
which were Lebanese. Over 750 cases of Leishmaniasis
were reported, a disease that was previously unknown
among the Lebanese population (UN 2014).

3.2 WASTEWATER SECTOR

3.2.1 Baseline conditions of the wastewater sector
3.2.1.1 Characteristics of the sector

Wastewater management is considered a high prior-
ity issue in Lebanon. In 2010, the estimated municipal
wastewater load was estimated at 248 MCM per year,
equivalent to 119,348 tons of Biological Oxygen Demand
(BOD), as presented in Table 3.2 (World Bank 2011).
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Table 3.2 Estimated domestic wastewater generation across the regions (2010)

asfe Populati(‘)r? Populatiqh equivalent Domestic WW generation WW BOD, Load 2010
2007 (million) 2010 (million) 2010 (MCM/yr) (tons per year)

BML 1.85 2.68 146.7 58,603

South Lebanon 0.66 0.96 35.0 20,945

North Lebanon 0.76 1.1 40.5 24,247

Bekaa 0.49 0.71 25.9 15,553

Total 3.76 5.45 248.2 119,348

Source: (World Bank 2011)

Wastewater network coverage was around 66 percent in
2007 as shown in Table 3.3. The remaining households
which are not yet connected to the wastewater (WW)
network still rely on open sewers, septic tanks, cesspools,
or simply discharge wastewater directly into the environ-
ment (World Bank 2011). Less than 8 percent of waste-
water generated at the national level is currently treated
(MOEW 2010).

Table 3.3 Households connections to WW networks
and other WW disposal options (2007)

WW network Septic
. . Other
Region connection tanks %)
(%) (%) ’
BML 79.2 21.1 0.7
south 50.1 459 39
Lebanon
N
Bl 67.4 27.3 4.8
Lebanon
Bekaa 49.3 50.5 0.2
Purchased 10 32.1 2.2

Source: (World Bank 2011)

The GOL developed the National Strategy for the Waste-
water sector (NWSS) in 2012, which is structured around
five strategic initiatives targeting the increase in waste-
water collection, treatment, and reuse rates (MOEW
2012) as follows:

* An integrated and prioritized investment program for
wastewater collection, treatment and reuse,

e Legal, regulatory and policy measures,

e |Institutional measures to define responsibilities and to
create capacity for service delivery,

e Financial measures for viability and affordable services,

e Measures to optimize private sector participation in
the wastewater sector.

In line with the third strategic initiative, the WEs have
already taken over responsibility for service delivery. On
a case by case, WEs may agree with municipalities that
municipalities will operate facilities by delegation.

In 2011, about 11 WWTPs were operational and 5 major
WWTPs contructed (Tripoli, Batroun, Chekka, Ras Nabi
Younes, and Nabatiyeh) but not yet connected to the
network. The BOD, were reduced by 5.9 percent com-
pared to 2010 (World Bank 2011). Also, some 44 small
scale WWTPs, of which about 50 percent were located
on the Hasbani and Wazzani catchments, were totally or
partially constructed (World Bank 2011). Map 3.2 shows
the completed WWTPs and those planned by the CDR.

Coastal waters in Lebanon receive untreated WW from
at least 53 major sewage outfalls spread along Lebanon’s
240 km coastline, 16 of which lie within the Beirut area.
Coastal waters receive an estimated 162 MCM/year of
untreated sewage (equivalent to 276,000 m./day), which
is equivalent to 65 percent of the total sewage load in
Lebanon (MOE/UNDP/ECODIT 2011).

Chapter 3: Impact on the Water and Wastewater Sectors
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Map 3.2 WWTP completed, on-going and under preparation projects (CDR, November 2013)
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3.2.1.2 Legal & institutional framework

There are several government agencies involved to vari-
ous degrees in WW management in Lebanon, sometimes
with overlapping functions. The main agencies are the
MOEW, the WEs, and CDR (upon request from concerned
ministries). WW collection is legally under the jurisdiction
of the WEs; however, some responsibilities are still being
carried out by the municipalities. Moreover, the O&M of
WWTPs is gradually handed over from MOEW to WEs.

MOE is responsible for controlling pollution including
prevention. For example, the EIA decree 8633 dated
7/8/2012 requires that all sewage treatment plants un-
dergo full EIA studies. The MOE has set standards for
treated wastewater discharged into sewers and surface
waters (Decision 8/1 dated 30/1/2001). To protect rivers
and riverbanks from unlicensed developments and au-
thorized discharge, the MOE has prepared environmental
conditions for construction permits located at river-banks
(MOE Decision 90/1 dated 17/10/2000) (MOE/UNDP/
ECODIT 2011).

Guidelines for the reuse of treated wastewater and sew-
age sludge for agricultural purposes were proposed
by FAO in collaboration with MOEW, MOE, MOA, and
MOPH in 2010. The proposal is currently being reviewed
by the concerned ministries.

Before the NWSS, Lebanon did not have an agreed na-
tional policy for wastewater, but existing and largely
informal strategies and plans that have been updated
by MOEW, MOE, and CDR to comply with Lebanon’s
international commitments, specifically the Barcelona
Convention for the Protection of the Mediterranean Sea
against Pollution and the EU Horizon 2020 the Frame-
work Programme for Research and Innovation.

3.2.2 Environmental impact of the wastewater sector

3.2.2.1 Increased pollution load from wastewater
discharges

Refugees contribute to an increase in wastewater gen-
eration between 26 and 43 MCM based on 31 May 2014
estimates of number of refugees, which is expected to
reach 34 and 56 MCM by the end of year 2014, corre-
sponding to an increase in national wastewater genera-
tion rates between 8 and 14 percent with the Bekaa hav-
ing the highest share. The detailed methodology for the
calculation of wastewater generation rates and pollution
load can be found in Annex C, Box C-1.

The incremental pollution load of wastewater generated

by refugees is estimated to produce around additional
40,000 tons of BOD, per year, reflecting a significant
increase of organic biodegradable load in the environ-
ment. This represents an increase of around 34 percent
of BOD, load at the national level, distributed across the
different cazas as shown in Map 3.3, with the higher
pressure posed in the Cazas of Baalbeck, Akkar, Zahleh
and Baabda.

Given the lack of accurate data, it is difficult to deter-
mine the fate of the incremental WW generated by the
refugees in the various Lebanese regions. As mentioned
in section 3.2.1.1, only eight percent of the WW gener-
ated at the national level is treated and the remaining is
untreated and discharged into open lands or in water-
courses. As such, it is expected that similar trends would
apply to the WW generated by the Syrian refugees.

A more accurate estimation of the means of disposal of
the wastewater generated by the Syrian refugees can be
made in the Litani basin based on the business plan for
combating pollution of the Qaraoun Lake (MOE/UNDP/
ELARD 2011). Taking the number of refugees located in
the villages around the Litani basin', it has been estimat-
ed that the incremental quantity of wastewater gener-
ated by the refugees would range between 7 to 11 MCM
per year, which is equivalent to around 12 to 19 percent
of the total amount of municipal wastewater generated
in the Litani basin prior to the Syrian conflict.

Simulations based on the business plan of the Qaraoun
Lake also show that 74 percent of the incremental quan-
tity of WW generated by the refugees will be discharged
without treatment in the Litani river and 10 percent will
be discharged into open lands; thus threatening the cur-
rent environmental situation.

Releases of WW in water bodies have several environ-
mental and health impacts. These impacts can include
negative effects on fish and wildlife populations, oxygen
depletion, beach closures and other restrictions on recrea-
tional water use, restrictions on fish and shellfish harvest-
ing and consumption, as well as restrictions on drinking
water consumption. In addition, disposal of wastewater
on soil causes soil contamination and negatively affects
agricultural crops.The ecological impacts of wastewater
discharges on ecosystems are assessed in Chapter 5 -
Impact on Land Use and Ecosystems.

'> The calculations are based on the results of the business
plan for combating pollution of the Qaraoun Lake in each
village where refugees are located and the projected num-
bers of refugees in each village in December 2014.
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Map 3.3 Distribution of incremental pollution load (BOD,) from Syrian refugees across cazas
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3.3 ENVIRONMENTAL MANAGEMENT PLAN
FOR THE WATER AND WASTEWATER SECTORS

The incremental increase in domestic water demand for
refugees is expected to reach 43 to 70 MCM by the end
of the year 2014, corresponding to an increase in water
demand of 8 to 12 percent at the national level. As for
the wastewater generation rates, refugees are expected
to contribute to an increase of 34 to 56 MCM by the
end of the year 2014, resulting in an increase of 8 to 14
percent in wastewater generation at the national level.

The incremental pollution load from wastewater gener-
ated by the refugees is estimated at 40,817 tons of BOD,
per year with 27,930 tons per year disposed on land and
within water resources.

The Syrian conflict and the influx of refugees to Lebanon
coincided with a period of severe water shortage, further
stressing the scarce water resources and the under-devel-
oped water and wastewater infrastructure in the country.

3.3.1 Potential mitigations measures

The present EMP includes mitigation, environmental
monitoring and capacity building measures intended to
alleviate the environmental impacts on the water and
wastewater sectors caused by the influx of the Syrian
refugees. Various short- to long-term timeframes are
proposed for the implementation of these mitigation
measures (Table 3.4). The priority intervention areas,
particularly in terms of water demand management and
conservation, are those that are experiencing increased
demand within stressed groundwater areas (Refer to
Map 3.4 - Incremental water demand of refugees over-
lapped with stressed groundwater basins).

3.3.1.1 Water
3.3.1.1.1 Short-term mitigation measures

¢ Regulating groundwater extraction by controlling un-
licensed wells.

e Minimizing well licensing and supervising extraction
from licensed wells, especially in stressed aquifers with
highly increasing demand (Refer to Map 3.4).

e Purchasing water only from licensed suppliers.

¢ Developing an emergency action plan for scarcity and
drought management and linking it to an early warn-
ing system. Efforts of the different national commit-
tees working on this issue should be consolidated and
integrated into one emergency plan.

e Raising awareness on water management and conser-
vation through conducting awareness campaigns for

water conservation (encouraging reuse, installation of
water efficient fixtures and irrigation systems, etc.).

Providing support to WEs to improve collection of
O&M fees.

Improving water quality through distribution of hy-
giene kits, water filters, and water storage tanks.

3.3.1.1.2 Medium to long-term mitigation measures

Supporting the Ministry of Energy and Water/Water
Establishments for continuous monitoring and assess-
ment of groundwater quantity and quality.

Improving water efficiency in the productive sectors
in the short to medium terms. In the agriculture sec-
tor, this can be achieved by educating farmers to use
efficient irrigation systems, alternative crops and crop-
ping patterns as well as adopting and operationalizing
wastewater reuse systems. Within SMEs and larger
industries, water conservation measures should be im-
plemented and highly encouraged.

Improving water infrastructure in impacted areas (Ak-
kar, Baalbeck, Zahle, Baabda, Minieh-Danniyeh, Tripo-
li, Aley, Chouf, West Bekaa, Saida and Tyre) (Map 3.4)
in line with the NWSS in terms of storage, transmission
and distribution:

- Implementing water infrastructure projects that are
under preparation/planned in impacted areas.

- Designing and mobilizing resources for water infra-
structure projects in regional water establishments
to cover all the remaining needs in impacted areas.

- Implementing projects for groundwater recharge
in impacted aquifers.

Supporting the Ministry of Energy and Water/Water
Establishments to improve water quality.

3.3.1.2 Wastewater
3.3.1.2.1 Short-term mitigation measures

Managing sludge and wastewater disposal. Waste-
water and sludge should be transferred to the clos-
est functioning wastewater treatment plant (Refer to
Map 3.5 - Location of existing and planned wastewa-
ter treatment plants). Municipalities with high num-
ber of refugees should be provided with tankers for
de-sludging and trucks for cleaning and maintaining
sewer lines operational.

Monitoring and enforcing compliance with environ-
mental standards.
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Map 3.4 Incremental water demand of refugees overlapped with stressed groundwater basins
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Map 3.5 Location of existing and planned wastewater treatment plants
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3.3.1.2.2 Medium to long-term mitigation measures

e Speeding up the implementation of projects related
to the wastewater sector in the pipeline; and securing
the financing for the O&M of these plants from the
national budget once construction is completed.

¢ Mobilizing resources for wastewater projects not yet
pipelined in priority areas.

3.3.2 Environmental monitoring and capacity
development

The different environmental monitoring responsibilities
in the water sector are divided among several players:

e MOEW has the responsibility of monitoring, control-
ling and measuring water resources. This includes
determining the specific needs and uses of water re-
sources in addition to continuous monitoring of their
quality.

e MOE is in charge of monitoring environmental pollu-
tion through review and approval of EIAs for WWT-
Ps and through monitoring compliance with the set
standards for treated wastewater discharged into
sewers and surface waters (MOE Decision 8/1 dated
30/1/2001). MOE monitoring and enforcement capac-
ities can be enhanced in the presence of fully opera-
tional regional environmental departments, and with
the establishment of an environmental police.

e MOPH has the responsibility of monitoring drinking
water to ensure compliance with local and interna-
tional standards.

e Water establishments are responsible for monitoring
the quality of water supplied to their communities.

e The LRA is responsible for monitoring all surface flows
throughout the country, as well as water quality in the
Litani basin.

e |nternational agencies and NGOs should work on
monitoring water quality, and ensuring that WW and
sludge are disposed of in an environmentally accept-
able manner. Agencies should encourage water con-
servation and should use environmentally friendly
technologies to address refugees’ needs and ensuring
the disposal of WW in WWTPs.

e The capacities of the municipal police should be in-
creased to include the control of WW disposal in sur-
face water bodies and on land. The MOE should co-
ordinate with humanitarian agencies and NGOs for an
improved integration of the environmental aspect in
their humanitarian response.

3.3.3 Environmental management plan costs

The costs for the implementation of the proposed en-
vironmental management plan over the short and me-
dium terms (i.e until 2020) - including environmental
monitoring and capacity development- reached a total
of 1,287.3 MUSD.

According to the NWSS, the estimated O&M cost be-
tween 2015 and 2020 will increase from USD 0.14/m?
to USD 0.41/m3 for wastewater collection and treatment
and from USD 0.45/m? to USD 0.55/m? for water supply
(MOEW 2010).
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Table 3.4 Environmental management plan to mitigate the potential impacts of the Syrian conflict on the water and wastewate

Impact

1. Depletion of water
resources

Mitigation Measures

1.1 Controlling
groundwater usage
especially in water
stressed areas

1.2 Developing an
emergency action
plan for scarcity and
drought management

1.3 Raising awareness
on water management
and conservation

1.4 Improving water
efficiency in the
productive sectors

1.5 Improving water
infrastructure stor-
age, transmission and
distribution systems
especially in impacted
areas (Akkar, Baalbeck,
Zahle, Baabda, Minieh-
Dennieh, Tipoli, Aley,
Chouf, West Bekaa,
Saida and Tyr)

Nature

Technical

Capacity
Development

Capacity
Development

Technical

Capacity
Development

Technical

Technical

Capacity
Development

Technical

Technical

Technical

Planned/proposed measures

Regulating groundwater extraction by controlling
unlicensed wells.

Minimizing the licensing of wells and supervising extraction
from licensed wells, especially in stressed aquifers where
demand highly increased.

Limiting water purchase to licensed suppliers to prevent
unregulated development of new sources.

Supporting the MOEW/WEs for continuously monitoring and
assessing groundwater quantity and quality.

Developing an emergency plan linked to an early warning
system.

Conducting awareness campaigns for water conservation
(e.g. water reuse, installation of water efficient fixtures and
irrigation systems).

Supporting farmers to use water efficient irrigation systems in
agriculture and to use alternative crops and cropping patterns.

Adopting and operationalizing wastewater reuse systems.

Supporting SMEs and larger industries to implement water
conservation measures.

Supporting WEs to increase collection rates.

Implementing emergency water infrastructure projects that
are under preparation/planned in impacted areas.

Implementing artificial water recharge systems in vulnerable
aquifers.
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r sectors in Lebanon

Capital cost O&M costs

Responsible parties Timeframe Remarks
P . (MUSD) (MUSD/yr)
MOIM TBD Short-term
MOEW, WEs TBD Short-term Refer to Map 3.4 about stressed aquifers.
Humanitarian Aid agencies,
9 Short-term

NGOs

. Some monitoring already exists but the
Medium to .
MOEW, WEs TBD network needs to be increased under the

long term L -
ministry’s supervision.

MOEW, WEs, MOE, MOA,
MOI, MOT, Humanitarian TBD Short-term As recommended by the MOEW (Tayar, 2014).
Aid agencies
MOEW, MOE, MOA, WEs, A national campaign for water conservation has
Humanitarian Aid agencies, TBD Short-term been initiated by MOEW. The campaign should
NGOs, Media be expanded to target the different water uses.
MOEW, MOA, .

o . , TBD Medium term
Humanitarian Aid agencies
MOEW, MOA, WEs, : Guidelines for wastewater reuse have been

o . . TBD Medium- term , i
Humanitarian Aid agencies developed and are being reviewed.

Law 444/2002 related to the protection of the
TBD Medium -term environment promotesthe sustainable use of
natural resources.

MOEW, MOE, MOI, Hu-
manitarian Aid agencies

MOEW, WEs, Humanitarian Short- to
. . TBD .
Aid agencies medium-term
Medium- t
MOEW, WES, CDR 600 eaim- o
long- term
MOEW, RWE 64.00 Medium- to Refer to Map 3.4 about stressed aquifers. The
' long- term cost estimate is in accordance with the NWSS.
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Impact

2. Deterioration of
water quality

3. Increased
wastewater
discharges

TOTAL

Mitigation Measures

2.1 Improving water
quality for host-
communities and
refugees

3.1 Managing sludge
disposal

3.2 Implementing
wastewater collection
and treatment
infrastructure projects
in impacted areas
(Akkar, Baalbeck,
Zahle, Baabda, Minieh-
Danniyeh, Tipoli, Aley,
Chouf, West Bekaa,
Saida and Tyr)

Nature

Technical

Technical

Technical

Technical

Technical

Technical

Technical

Environmental
Monitoring

Planned/proposed measures

Supporting the MOEW and WESs to improve water quality.

Distributing hygiene kits, water filters, and water storage
tanks for refugees in need.

Transferring and disposing sludge from septic tanks to the
closest functioning WWTP.

Providing Unions of Municipalities (UOMs) with high number
of refugees with tankers for de-sludging.

Providing UOMs with high number of refugees with trucks
for cleaning and opening sewer lines.

Implementing wastewater infrastructure projects that are
under preparation/planned in impacted areas.

Designing and mobilizing resources for wastewater infra-
structure projects to cover the unmet needs in impacted
areas.

Monitoring and enforcing compliance with standards.
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Responsible parties

MOEW, WEs, Humanitarian
Aid agencies

Humanitarian Aid agencies;
NGOs

WEs, Municipalities

WEs, UOMs, Municipalities,
Humanitarian Aid Agencies

WEs, UOMs, Municipalities,
Humanitarian Aid agencies,
NGOs

MOEW, WEs, CDR, Donors

MOEW, WEs, Donors

MOE, MOEW, LRA,
Municipalities (Police)

Capital cost O&M costs
(MUSD) (MUSD/yr)

115

TBD

1.65 TBD

2.64 TBD

500

TBD

TBD

1,287.3 TBD

Timeframe

Medium to
long term

Short-term

Short-term

Short-term

Short-term

Medium to
long term

Medium to
long term

Short to
medium term

Remarks

Humanitarian Aid agencies have provided

these items to 70% of refugees and continue

to do so. Around 30% of refugees are vulner-
able (550,500 refugees by end of 2014). The
estimated cost is USD 122/individual/7 months as
per WBY/ESIA (i.e. 209 USD/individual/year).

Refer to Map 3.5 about locations and statuses of
WWPs.
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BASELINE CONDITIONS

Air quality in Lebanon

The Mediterranean region is an enclosed area where air
masses coming from Eastern and Central Europe com-
bined with high local insulation and high emissions lead
to the degradation of air quality (Afif et al. 2008; Waked
et al. 2013). Continuous air quality monitoring is con-
ducted in only a few countries in the Eastern part of
the Mediterranean region such as in Egypt and Turkey.
Since 2001, Lebanon’s capabilities in air quality moni-
toring have vastly improved. Although the country still
lacks a national, government-driven program for air qual-
ity monitoring, several universities and institutions have
started to coordinate their air pollution related activities
(MOE/UNDP/ECODIT 2011). The research studies indicate
that the problematic air pollutants in Beirut at present are
NO,, and Particular Matter (PM) with around 93 percent
of the population in Beirut being exposed to NO, con-
centrations greater than the WHO standards (Afif et al.
2009; Massoud et al. 2011; Badaro-Saliba et al. 2014;
SOER 2010). However most of these studies are outdated
(field measurement campaigns were mostly conducted
between 2004 and 2006) and might not represent the
current situation.

In 2013, the MOE with the support of the United Nations
Environment Programme (UNEP) and UNDP launched real
time air quality monitoring in five sites using online ana-
lyzers connected to a supervisory control and data acquisi-
tion system located at MOE. The current network includes
five urban background stations; however, air quality
trends cannot be extracted from these measurements at
present, as data need to be collected for several years in
order to identify real trends in air quality. Implementation
of additional air quality monitoring stations are currently
planned with the support of the EU/StREG programme.
Installation sites will be determined in regions where air
quality is most affected. The results of these monitoring
stations will allow close monitoring of air quality trends
and retrospective assessment of the air quality.

Since air quality data is not available for 2011 (baseline
year of this assessment), the spatially distributed emission
data of 2010 will be used for this assessment. Emissions
are the quantities of pollutants that are released into the
atmosphere by different sources, i.e. vehicles, industries,
etc. For more details on the methodology and assump-
tions adopted in this assessment refer to Annex D.

Main greenhouse gases (GHGs) including CO,, methane
(CH,) and nitrous oxide (N,O) are also emitted from the

sectors under consideration. However they were not re-
tained in this report because they do not have adverse
short-term effects on human health. An in-depth impact
of the Syrian conflict on GHG emissions is recommend-
ed along with an assessment of vulnerability to climate
change of host communities and refugees.

Pollutants Emissions in Lebanon in 2010

Different anthropogenic and biogenic'® activities result
in the emission of pollutants into the air. The significant
sources of air pollution are the transport sector (road, sea,
and air), the industrial sector, energy production (power
plants and generators), the commercial, residential, and
construction sectors, agriculture, solid waste, and bio-
mass burning. In 2010, before the Syrian conflict, the
total estimated anthropogenic and biogenic emissions
by source category of CO, NOx, SO,, PM10, and PM2.5
from Lebanon were 563,000, 75,000, 62,000, 12,000,
and 9,000 tons, respectively (Waked et al. 2012a). Once
released into the air, the dispersion and chemical reac-
tions change the concentrations of the different pollut-
ants. Human health is affected by air pollution depending
on the concentrations of pollutants and time of expo-
sure; that is the reason for the establishment of average
periods of exposure and concentration limits in air quality
standards (e.g. National Ambient Air Quality standards in
MOE Decision 52/1, dated 1996).

Health impact of air pollution in Lebanon

Ambient air pollution is a major environmental health
problem affecting both developed and developing coun-
tries alike. In 2012, for example, 3.7 million premature
deaths worldwide were associated to ambient air pollu-
tion (WHO, 2014). Several studies indicate that ischae-
mic heart disease'” and strokes have caused 80 percent
of outdoor air pollution-related premature deaths, while
14 percent of deaths were due to chronic obstructive
pulmonary disease or acute lower respiratory infections;
and lung cancer was responsible for six percent of deaths
(WHO 2014).

Published information and data do not clearly link ad-
verse health effects to air pollution in Lebanon. This is
due to limited air pollution measurements and appropri-

'¢ Biogenic : Nature made
71schaemic heart disease: Disease characterized by reduced
blood supply to the heart
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ate medical reporting which results in the incapacity of
establishing long term epidemiological studies that re-
flect the health impacts from air pollution on the Leba-
nese population.

However, it can be estimated that health risks on the
Lebanese population resulting from exposure to some
pollutants exist in the country. This has been confirmed
by the World Bank which indicated that the cost of deg-
radation of air quality in Lebanon has been estimated to
be around US$170 million in 2001 (World Bank, 2004)
and is attributed to losses of health and quality of life.

FOCUS ON THE BASELINE EMISSIONS OF
THE AFFECTED SECTORS

Since the beginning of the Syrian conflict in 2011, the in-
crease of population in Lebanon due to the Syrian influx
is affecting the existing air quality. This section will fo-
cus on the main sectors including the on-road transport
sector, the residential sector through heating, the solid
waste sector, and the electricity production. It is worth
noting that although annual cement production did not
change, a small growth in the local market was observed
(from 5.2 MT in 2010 to an estimated 6 MT in 2014).
This can be attributed to the fact that cement produc-
tion is relatively constant and independent of the local
market sales™. It is, however, expected to increase post-
conflict in anticipation of a massive reconstruction effort
in Syria; this is not factored into the current assessment.
The methodology adopted and assumptions are made
available in the Annex D of this report.

On-road Transport

The road network condition in Lebanon is considered
to be fair to poor with around 21,705 km (World Bank,
2013).In 2010, the vehicle fleet in the country comprised
around 1.43 million vehicles with 86.1 percent of pas-
senger cars, 7.4 percent of light duty vehicles, 2.3 per-
cent of heavy duty vehicles, and 4.2 percent of 2- and
3-wheelers. The fleet is characterized by an advanced
vehicle age with 63 percent above 10 years old (Waked
and Afif, 2012).

Greater Beirut Area (GBA) is the densest region in Leba-
non in terms of traffic. Traffic intensities can reach 90,000
vehicles per day for some segments in Beirut with around
81 percent of the vehicle fleet dominated by passenger
cars with an average speed of 23 km/h (Waked and Afif,
2012).

The transport sector is the main source of CO (93 per-
cent) and NOx (52 percent) emissions at the national
level. Emissions are principally concentrated on main
axes and cities, as shown in Map 4.1. Although CO con-
centrations have not exceeded WHO guidelines to date,
NO, concentrations exceed WHO guidelines in some
cities where high traffic prevails (Waked et al., 2013b).
Although this sector is not the main contributor to PM
emissions at a national level, however, PM levels exceed
WHO guidelines on the coast and where traffic is dense
(Waked et al., 2013b). Trends in the transport sector in
Lebanon are alarming and it is expected that the contri-
bution of this sector to air quality would negatively affect
the health of the Lebanese people.

The following considerations regarding the increase of
on-road transport due to the Syrian conflict have been
used based on the World Bank’s studies (World Bank
2013):

e 15 percent increase in traffic with lower speeds in
GBA,

e up to 50 percent increase in traffic in the major cities
where the refugees are located, and,

e 65 percent decrease in transit trucks due to the pre-
vailing security situation.

Hence, a five percent increase in traffic was estimated on
the main national axes.

The assessment has revealed the following results:

e 17 percent CO increase from road transport emissions
at the national level; this figure will not drive the back-
ground CO concentrations above WHO and/or Leba-
nese standards as the concentrations of this pollutant
are low in Lebanon,

e 10 percent increase in NOx and three percent increase
of PM at the national level, which will worsen the situ-
ation in some areas where the concentrations of these
pollutants are already above standards, and,

e 6 percent increase in NOx and PM in Beirut where
chronic air pollution already exists; this figure will
worsen the existing situation and can lead to higher
rates of emergency entrances in hospitals for asthmat-
ic and elderly people.

'8 Private communication with Mr. Elias Chahine, Cimenterie
Nationale
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Map 4.1 - CO emissions for on-road transport for 2010

Disclaimer: This map ks not geographically representative of the boundaries
and regions of Lebanon and has been developed for ilustrative purposes only,

Source: This map was preparad by Charbel ARf based on Waked et al, (2012)
EITISSHON Invertony.
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Map 4.1 CO emissions for on-road transport in 2010 (tons/year)
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Residential heating

The residential sector in Waked et al. (2012) covered
heating and hot/warm water processes. Fuel types used
in these processes comprised diesel oil, liquefied petro-
leum gas, and wood (Waked et al., 2012). SO2 emissions
contribute to five percent to the national SO2 quantity
released into the air (Waked et al., 2012). Other pollut-
ants present an increase of up to two percent at the na-
tional level which makes this sector of minor importance
when compared to others. Generally, residential heating
has a more pronounced impact at the local scale where
the use of heating is concentrated in one geographical
areas such as cities.

The Syrian refugees, who live in villages at altitudes above
500 meters, received diesel stoves with cash-for-fuel or
fuel vouchers. The amount distributed during the winter
2013-2014 is equivalent to around 40 million liters of fuel
oil™. If the average fuel quantity per refugee is assumed
to remain the same as in the winter of 2013-2014, then
approximately 67 million liters of diesel for heating would
be needed in the 2014-2015 winter for Syrian refugees
living at altitudes above 500 meters. If the winter is as
mild as in 2013-2014, the national increase in air pollu-
tion will account for less than 0.2 percent for the various
pollutants. The stress will not be significant on a national
level but might be of importance in a few localized areas
like ITSs, thus affecting the health of refugees and the
nearby host communities.

Solid waste

Lebanon generated 1.57 million tons of Municipal Solid
Waste (MSW) in 2010 where different management prac-
tices exist: eight percent recycling, nine percent compost-
ing, 51 percent landfilling, and 32 percent open dumping
(Refer to Chapter 2 - Impact on the Solid Waste Sec-
tor). Emissions generated by the solid waste sector can
vary depending on management practices. Open burn-
ing contributes more to air pollution than open dumping;
the latter contributes mainly to climate change. In 2010,
the contribution of the different solid waste manage-
ment practices to air pollution was insignificant at the
national scale with less than one percent for the different
pollutants (Waked et al., 2012).

Among the major concerns rising from open burning of
waste is the release of very toxic and carcinogenic com-
pounds including dioxins (PCDD) and furans (PCDF).
These chemical compounds are regulated by the Stock-
holm Convention on Persistent Organic Pollutants which

Lebanon ratified in 2002. PCDD/PCDF affect the health
of the population living nearby open dumps. With more
than 300 open dumps in Lebanon, which are charac-
terized by open burning practices, the assessment esti-
mated an increase of 12.05 grams of Toxic Equivalents
(TEQ)* in PCDD/PCDF emissions. This represents a sig-
nificant increase from the last emissions inventory estab-
lished for PCDD/F in Lebanon by MOE-UNEP in 2004 and
which estimated the release into the atmosphere of 80.2
g TEQ/yr from all sources (MOE/UNEP 2005). Figure 4.1
presents an example of open burning at the Jeb Jennine
open dump.

Additional quantity of PCDD/F released into the atmos-
phere will jeopardize specifically the health of local com-

Figure 4.1 Open burning in Jib Jennine open dump
(Photo from K. El Jisr)

9 Values calculated based on UNHCR (2014). For details, refer
to Annex D

20 TEQs, are used to report the toxicity-weighted masses of
mixtures of dioxins. The TEQ method of dioxin reporting is
more meaningful than simply reporting the total number of
grams of a mixture of variously toxic compounds because
the TEQ method offers toxicity information about the mix-
ture. Within the TEQ method, each dioxin compound is as-
signed a Toxic Equivalency Factor, or TEF. This factor denotes
a given dioxin compound’s toxicity relative to 2,3,7,8-TCDD,
which is assigned the maximum toxicity designation of one

Lebanon Environmental Assessment of the Syrian Conflict & Priority Interventions | September 2014



munities (and refugees) around the open dumps where
the burning is taking place, adding to the effects of al-
ready existing open burning practices.

The increase in air pollution from waste management
practices due to Syrian refugees is insignificant for CO,
NOx, and SO,. However, an increase of more than six per-
cent compared to total emissions of 2010 is estimated
for PM at the national level i.e. double of the PM emis-
sion from road transport. This will induce a negative im-
pact on human health.

Moreover, it is estimated that odors resulting from waste
dumping affect Syrian refugees and host communities
within an area of 2-km radius. These odors can cause
adverse impacts on human health following a short term
exposure and serious health problems following a long-
term exposure.

Electricity production

As Lebanon is unable to cover all the electricity demand
at national level, private generators are mainly used to re-
spond to electricity shortage. Daily average power supply
provided by Electricité du Liban (EDL) in 2010 was 18.4
hours. In 2010, the electricity production sector emitted
high quantities of NOx, SO,, and PM with half of the NOx
emitted by private generators; the highest share of SO,
originating from power plants, and more than half of the
PM released by private generators which make them an
important source of air pollution in Lebanon (Table 4.1).

Table 4.1 Contribution of power plants and private gen-
erators to national emissions in 2010 (Waked et al., 2012)

co NOXx SO, PM10 PM2.5
Private
Genera- 0.44 10.07 221 442 586
tors (%)
Power
Plants 0.07 9.54 51.37 292 2.69
(%)

Given that private generators emit high concentrations
of NO, and finer PM which are the most hazardous to hu-
man health, they can pose a serious health risk on nearby
communities.

Figure 4.2 Incremental levels of pollutants
originating from private generators

0.18%

1.63% _

0.59% -~

= CO B NOx s02 PM10 = PM25

The 251 MW increasing demand due to Syrian
refugees (World Bank, 2013) will result in more in-
vestment for the acquisition of private generators
which are mostly installed in neighborhoods near
residential buildings. These generators, if not ap-
propriately installed in open areas far from build-
ings and equipped with high stacks and control
equipment, will result in air pollution hot spots
inside the cities.

The incremental quantities of air pollutants origi-
nating from private generators have been esti-
mated to be 10 percent for NOx and around two
percent for the remaining pollutants as shown in
Figure 4.2.

ASSESSMENT OF TOTAL EMISSIONS

The Syrian conflict will result in an increase of up to 20
percent in emissions in Lebanon and therefore an increase
in air pollution and degradation of air quality. Table 4.2
presents the absolute quantities that are estimated to be
released into the atmosphere and the relative increment
compared to the baseline of 2010.

This implies that, at the national level, highest potential
pollutants of concern are PM and NO, since they showed
high concentrations in different areas in the country.
However, in some specific geographical areas, SO, and
CO might reach concentrations that exceed WHO guide-
lines and Lebanese standards.
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Table 4.2. Incremental quantities of air pollutants emissions in 2014 compared to 2010

co NOXx
Absolute increase in tons end 100,346 15317
of 2014 compared to 2010 ' '
Relative increase end of 2014

18 20

compared to 2010 (%)

Fig. 4.3 Sources of contribution to the increase of
emissions caused by the Syrian refugees influx to
Lebanon
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% Dumping Open buming

Residential heating

As shown in Figure 4.3, the main sectors contributing to
the increase of pollutants are the following:

e Transport is the major contributor for CO, NOx, and
SO,

¢ Electricity production (private generators) do affect
NOx and PM

e Open burning is the largest contributor to PM emis-

sions

Therefore, a detailed analysis of the spatial distribution
of the different pollutants emissions is essential to locate
areas of potential concern.

An example of a spatial distribution conducted as part of
the assessment (Map 4.2 and Map 4.3) shows that GBA,
which already has moderate to poor air quality, will suf-
fer from an increase in air pollutants concentrations up
to 20 percent (based on the conservative approach fol-
lowed in this assessment). It is also expected that other

so, PM10 PM2.5
2,222 1,221 1,077
4 11 13

main cities such as Zahle, Baalbeck, Tripoli, and Saida will
witness a significant degradation of their air quality and
the health of their population, while rural areas will be
affected but to a lesser extent.

ENVIRONMENTAL MANAGEMENT PLAN
FOR THE AIR POLLUTION SECTOR

As presented in the previous sections, it is estimated that
the extent of air pollution has increased up to 20 percent
compared to 2010 baseline data, knowing that some of
the major Lebanese cities have already high concentra-
tions of pollutants. The major affected sectors contribute
differently to air pollution. The most important issues that
should be addressed in order to reduce the harmful ef-
fects of air pollution are the transportation sector, waste
treatment and electricity production sectors, and residen-
tial heating.

The EMP for the air pollution proposes potential mitiga-
tion actions for each sector with an estimate of the cost
and the responsible parties. It is to be noted that mitiga-
tion measures related to the transportation and electricity
sectors are foreseen in the Lebanon Roadmap of priority
interventions for stabilization; most of these measures
are adopted in the EMP to further emphasize their impor-
tance and their positive environmental impact. The ad-
ditional proposed measures are complementary and help
making the whole mitigation process greener.

Moreover, an in-depth assessment of the impact of the
Syrian conflict on the emissions of Greenhouse Gases is
highly recommended along with a thorough assessment
of adaptation and vulnerability to climate change.

Potential mitigation measures

The detailed mitigation measures are presented in the
EMP-Table 4.3. They are divided in short and medium
term actions.

Lebanon Environmental Assessment of the Syrian Conflict & Priority Interventions | September 2014



34.0

35.5 36.0 36.5
N
34.5
34.0
33.5
NOx emissions (tfy)
B o.o1-200
200 - 800
200 - 2200
2200 - 4000
I 4000 - 6500
330

330

5.5

6.0

36.5

MoE/ELU/UNDE, 2014
Lebanon Environmental Assessment of the Syrian Conflict & Priority
Interventions

Map 4.2 - Spatial distribution of NOx emissions for 2010

Disclaimer: This map i not geographically representative of the boundaries
and regions of Lebanon and has been developed for ilustrative purposes only,

Source: This map was preparad by Charbel ARf based on Waked et al, (2012)
EMmiSSion inventon.
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Map 4.2 Spatial distribution of NOx emissions for 2010 in tons/year
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Map 4.3 - Spatial distribution of NOx emissions end of 2014

Disclaimer: This map is not geographically represantative of the boundaries
and regions of Lebanon and has been developed for llustrative purposes only,

Sowrce: This map was prepared by Charbel Aff based on Waked et al. (2012)
SMISSIoN inventory, data from UNHCR, Economic and Social Impact
Assessment (World Bank, 2013), Chapber 2 data from this report, and data
communicated from MoEW.
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Map 4.3 Spatial distribution of NOx emissions end of 2010 in tons / year
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Short term mitigation measures:

e |Implementation of a Bus Rapid Transit (BRT) system
by the MOPWT, in coordination with CDR as needed,
with a first phase consisting in managing the existing
private and public bus fleet and dedicating lanes be-
tween the Jounieh area and the Northern entrance of
Beirut as well as between Beirut and Khaldeh area to
decongest the entrances of the capital.

e Relocation of the private generators installed inside
neighborhoods to the more open areas located far
from buildings with stack height, in compliance with
MOE Decision 8/1 (2001), with the aim of minimiz-
ing the smoke impact on nearby residential buildings.
Generators’ owners will be responsible for taking such
actions in compliance with existing regulatory texts.
Moreover, the installation of emissions control equip-
ment is crucial in order to reduce the impact on air
quality and on human health, especially with the de-
pendence of the host communities on the existence
of these generators, since EDL is still not capable of
meeting the increase in electricity demand.

e Immediate banning of waste open burning techniques
in dumps should take place and be enforced by the
MOE and the municipalities to reduce the highly car-
cinogenic PCDD and PCDF, and the harmful effects of
these particulates on the host communities.

Medium term mitigation measures:

e Providing buses with low emission technology to back
up the existing fleet for connections within and be-
tween major cities (e.g. Bekaa area) as a second phase
of the BRT system. This mass transport system that
should be implemented by the CDR and the MOPWT
will attenuate the traffic congestion problem in a sus-
tainable and cost-efficient way and will reduce the
quantities of air pollutants emitted per passenger.

® Increasing access to sustainable energy such as solar
water heating, public lighting and others to allow for a
decrease in energy consumption from the EDL power
grid, thus alleviating the pressure on the electricity net-
work.

e Rehabilitating the Zouk and Jiyeh power plants run-
ning on Heavy Fuel Oil (HFO) is crucial. Contract bid-
ding and awarding should be prioritized as the reha-
bilitation will reduce air pollutants’ emissions and will
increase the production by 209 MW, by restoring the

generating capacity. Lebanese communities and Syrian
refugees will benefit from a higher daily supply of elec-
tricity and, in the long run, from improved air quality.

e Providing additional control equipment to the old en-
gines running on HFO in the power plants of Zouk and
Jiyeh. The space needed for the installation of such
equipment is of about 50,000 m? per site, and the
lands on which the power plants are currently located
do not have this space capacity. The acquisition of the
needed space will therefore be mandatory for it to be
feasible in the near future.

e Switching existing and/or under construction power
plants operating on HFO to natural gas will decrease
air pollution in the nearby areas, noting that the new
plants in Zouk and Jiyeh that are under construction
are estimated to increase the supply by 272 MW while
the second power plant planned to be built in Deir
Ammar will add another 538 MW. This action led by
MOEW requires the installation of a gasification unit
in North Lebanon with pipelines reaching Zouk and
Jiyeh power plants, as well as interventions in the new
plants in Zouk and Jiyeh to make them operate on nat-
ural gas. In preparation for these measures, the Leba-
nese Government should enact legal texts demanding
and allowing for the installation of the needed natural
gas pipelines.

e Closing dumps to reduce air pollution from solid waste
and improve the welfare of host communities. MOE
and the municipalities should ensure proper closure of
dumps located in areas with the highest concentra-
tions of Syrian refugees.

e Using energy efficient stoves for residential heating to
reduce fuel consumption while maintaining the same
heating capacity.

Environmental monitoring and capacity
development

MOE and municipalities should play a crucial role in en-
suring the relocation of private generators to open areas
and the installation of the appropriate control equipment
on the short term. On the medium term, MOPWT and
CDR should conduct field observations and surveys as-
sessing the effectiveness of the implemented BRT system
and its consequences on traffic volumes. The benefits of
such a system should be assessed 6 months following its
implementation. Finally, with regards to the solid waste
sector, medium term environmental monitoring consists
of ensuring proper closure of open dumps by the MOE
and the concerned municipalities.
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Capacity development encompasses mainly national
awareness campaigns to encourage the use of mass
transport systems (led by MOPWT, MOE, and the mu-
nicipalities), the use of renewable energy (led by MOEW
and MOE), and that of bio-energy for residential heating
(led by MOE, MOEW, and NGOs). On the medium term,
technical assistance and support to MOEW for manag-
ing on-going projects and developing new ones will be
essential in order to speed up the implementation of the
policy paper for the electricity sector. Capacity develop-
ment actions should include conducting awareness cam-
paigns touching on the harmful environmental impacts
of open-air dumps and the need for their rehabilitation
and eventual closure by MOE and municipalities.

Environmental management plan costs

The total capital cost of the EMP addressing the four
sectors (transport, energy production, solid waste and,
residential heating) is estimated at 1,986.75 MUSD. This
includes 620.25 MUSD intended for stabilization and im-
provement of the transportation sector, which is the major
contributor to air pollution, while energy production opti-
mization is estimated to require the most capital funds of
about 1,346.4 MUSD. It is worth noting that most of the
total estimated cost has not been secured yet.
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Table 4.3 Environmental management plan to mitigate the potential impacts of the Syrian conflict on the air pollution sector in

Potential Mitigation

Targeted sector
9 Measures

1.1 Implementation of
a BRT system

Transport

1.2 Implementation of
organized mass trans-
port systems in cities

1.3 Maintenance and
expansion of the road
network including
border crossings

2.1 Decrease effect of
private generators

Energy production

2.2 Increase access to
sustainable energy

Nature of
Measures

Technical

Technical

Environmental

monitoring

Capacity
development

Technical

Technical

Technical

Technical

Environmental
monitoring

Technical

Capacity
development

Planned/proposed measures

Managing the existing private and public bus fleet and dedi-
cating lanes from Jounieh area to the Northern entrance of
Beirut, and from Beirut to Khaldeh area.

Providing 250 buses (type: new diesel technology buses,
buses running on Liquified Natural Gas(LNG) or Compressed
Natural Gas (CNG)NG, hybrid buses) to complement existing
fleet and ensure reliable connections between major cities.

Field observations and survey for the use of mass transport
system and assessment of traffic volumes.

National awareness campaign to encourage mass transport
system use.

Providing buses (type: new diesel technology buses, buses
running on LNG or PNG, hybrid buses) to ensure proper
travelling within cities and connection to major national axes.

Maintenance of existing network and expansion of roads to
link to international roads and border crossings.

Relocating private generators from in neighborhoods to open
areas far from buildings.

Installing air pollution control equipment to reduce emissions.

Ensuring relocation of private generators and installation of
control equipment.

Using renewable energy for solar water heating, public
lighting, etc. to alleviate the pressure on the network and
decrease the electricity demand.

National awareness campaign to promote the use of
renewable energy.
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Lebanon

Responsible parties

MOPWT, CDR

MOPWT

MOPWT, CDR

MOPWT, MOE,
Municipalities

MOPWT, Municipalities

MOPWT, CDR

Private generators’ owners

Private generators’ owners

Municipalities

MOEW, NGOs

MOE, MOEW

Capital cost
(MUSD)

100.00

100.00

0.1

70.00

350.00

3.00

20.00

1.3

25.00

0.1

O&M costs
(MUSD/yr)

5.00

5.00

5.00

40.00

2.00

2.00

Timeframe Remarks

Short-term

Medium- term

Short-term

Medium-term

Medium-term

Short- to
Medium-term

Short-term

Short-term

Short-term

Medium- term

Short-term
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Targeted sector

Energy production

Solid Waste

Residential heating

TOTAL

Potential Mitigation
Measures

2.3 Installation of
control equipment

2.4 Changing fuel type
in power plants

2.5 Rehabilitation of
the power plants

2.6 Strengthening of
the electricity network

2.7 Support to the
energy sector
management

3.1 Closure of dumps

4.1 Use of bio-energy
for residential heating

Nature of
Measures

Technical

Technical

Technical

Technical

Capacity
development

Technical

Technical/
Environmental
monitoring/
Capacity
development

Technical

Capacity
development

Planned/proposed measures

Providing additional control equipment to stacks for engines
operating on HFO. Estimated cost includes the acquisition of
the control equipment without the land price (acquisition of
50000 m2 terrain in Zouk and 50000 m2 terrain in Jiyeh for
the installation of the control equipment).

Switching to natural gas in Deir Ammar, Zouk and Jiyeh
Power plants (Gasification Unit; pipelines; intervention on
units in Zouk and Jiyeh).

Rehabilitating the Zouk and Jiyeh power plants.

Strengthening the transmission and distribution of electricity.

Supporting MOEW in terms of management of ongoing and
new projects.

Banning of open burning in dumps.

Closure of dumps.

Using residues of olive trees, fruits trees, etc. to alleviate the
pressure on diesel combustion in residential heating.

Awareness campaign to promote the use of bio-energy for
residential heating.
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Responsible parties

MOEW

MOEW

MOEW

MOEW

MOEW

Municipalities, MOE

MOE, municipalities

MOA, MOE, NGOs

MOE, MOEW, NGOs

Capital cost
(MUSD)

85.00

400.00

600.00

200.00

12.00

20.00

0.1

1,986.75

O&M costs
(MUSD/yr)

18.00

20.00

30.00

10.00

2.00

139.00

Timeframe Remarks

Short-term

Medium-term

Short-term

Short-term

Medium- term

Ref. to SW mitigation measures for further

details

Medium-term

Short-term
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BASELINE CONDITIONS

Land use in Lebanon

An overview

Lebanon has a complex land tenure system which was
articulated during the Ottoman empire and consolidated
during the French Mandate (see Box 5.1). Lebanon’s land
use and land cover map has significantly changed in the
last few decades.

Box 5.1 Land tenure in Lebanon

There are five types of land ownership in Lebanon?':

e mulk: private ownership

e amiria: State owned and managed by Minis-
try of Finance

e matrouka/machaa: State owned and man-
aged by municipalities

e matroukamahmiya: can be owned by the
State or by municipalities

e Khaliyamoubaha: also stated owned but not
delineated

Land tenure systems in Lebanon were intro-
duced by the Ottomans more than two cen-
turies ago (known as Tabo). The sanctity of
the private property is rooted in the Lebanese
Constitution of 1943 (Article 15) which states
that “private land is under the protection of the
law, no land can be taken away from his own-
er, except in cases that serve the public interest
and as established by law, and only after the
owner has been duly and fairly compensated.”
The General Directorate of Land Registration
& Cadastre at Lebanon’s Ministry of Finance
maintains all title registers and survey maps and
records the ownership and encumbrances re-
sulting from all property transactions.

Current maps are based on satellite images which date
back to 1998 (published by MOE and the National Center
for Remote Sensing (NCRS) in 2002) and 2005 (published
by NCRS in 2011). These maps present land use and
land cover in seven main categories (refer to Figure 5.1).
Between 1998 and 2005, agricultural areas receded by
about 11 percent while urban areas increased by about
five percent (from 648 km? to 679 km?). By contrast, ur-
ban areas in 1960s covered only 260 km?.

Figure 5.1 Type and extent of main land cover
categories in Lebanon
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Status of land surveys and zoning regulations

Survey and registration of lands in Lebanon started under
the French Mandate, in 1926. By 1975, the start of the
Civil War, 80 percent of Lebanon was delineated but only
50 percent was surveyed??. Delineated lands have a plot
number but no map; surveyed lands are mapped. Today,
the following situation occurs (see Map 5.1):

e 50 percent of Lebanon is delineated and surveyed and
has both title registers with area and survey maps

e 30 percent of Lebanon is only delineated and has ti-
tle registers with no area (referred to as certificates of
title)

e 20 percent of Lebanon is neither surveyed nor deline-
ated, and property transactions still use the old Otto-
man transaction recording system

In short, the delineation and survey of lands in the coastal
zone and Beqgaa Valley is largely complete, whereas lands
in Lebanon’s western mountain range and the south
have not been surveyed (or surveys are on-going).

The extent of zoning regulations in Lebanon is difficult
to quantify. However, according to a study conducted by
CERMOC? in 2007, urban master plans approved by the

21 Based on MOF Decision 3339 and its amendments dated
12/11/1930

22 In Arabic: delineated is 5oy same ; SUNVEYEd IS pgusns 5ymag sume

23 Centre d’Etudes et Recherches sur le Moyen-Orient
Contemporain
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Higher Council of Urban Planning (HCUP) and decreed
by the COM covered about 10.3 percent of the Lebanese
territory. A separate study conducted in 2004 estimated
that urban master plans covered about 16.2 percent of
the territory (1,693 km?2) if we include all master plans
that were approved by the HCUP but not decreed (Ver-
deil et al., 2007).

National Land Use Master Plan (SDATL)

The National Land Use Master Plan for Lebanon was com-
pleted in 2005 and endorsed by the COM in 2009 (Decree
No. 2366/2009). The Master Plan presents a holistic vision
for national urban planning and critical recommendations
for enhancing and harmonizing land uses in Lebanon
while protecting the natural and cultural resource base.

Despite limited application, the Master Plan is a valuable
reference document for several administrations includ-
ing the Directorate General of Urban Planning (DGUP)
and line ministries. They should refer to the Master Plan
when making decisions related to urban development,
the provision of public services, and environmental herit-
age conservation. The Master Plan recognizes nine plan-
ning zones (denoted U, R, A, N, P. S, F, G and W) with
servitudes for land management. Those zones and servi-
tudes are inserted in Annex E, Table E-1 for reference
as they will influence the corresponding Environmental
Management Plan (EMP).

Migrant workers in Lebanon and related
housing needs

Lebanon’s migrant population has been historically domi-
nated by Syrian workers, with an estimated 744,530
workers in 1998%. Whereas in recent years the number
of migrant workers from other countries has risen sharply
(Egypt and Sudan), Syrian workers continue to represent
a large proportion of the workforce in the agricultural
and industrial sectors, many with deep-rooted social ties
in Lebanon. Migrant workers in the agricultural sector
usually live in make-shift or semi-permanent housing
built inside agricultural areas to minimize daily commute
and housing expenditures. Those areas today host hun-
dreds of ITSs, as explained below.

Ecosystems

Environmentally Sensitive Areas and other
areas under protection

Environmentally Sensitive Areas (ESA) are areas that con-
tain important natural features or habitats for rare spe-
cies. They may include riverine habitats (riparian ecosys-
tems), estuaries, sandy beaches and reefs, canyons, caves,

forests, mountain summits, as well as surface and under-
ground Karst formations. From a biodiversity perspective,
ESA should be protected and managed accordingly.

As of June 2014, Lebanon had 15 legally established na-
ture reserves covering approximately 2.5 percent of the
territory (see list in Annex E-Land use and ecosystems).
The management and operation of nature reserves is a
shared responsibility between the MOE, the Appointed
Protected Areas Committee and the management team
of the protected areas. Several of these reserves have
earned other designations such as Biosphere Reserves and
Important Bird Areas. In total, Lebanon offers three Bio-
sphere Reserves (Shouf Biosphere Reserve, Jabal Moussa
and Jabal El Rihane), 13 protected forests, at least 16 pro-
tected sites, four Ramsar Sites, five World Heritage Sites,
and about 15 Important Bird Areas (IBAs). Additionally,
there are on-going efforts to establish “micro-reserves”
to protect smaller areas that offer unique biodiversity but
may not require national designation.

State of forests and baseline pressures on
dwindling forest resources

Lebanon has extensive forest legislation but enforcement
remains weak (see Box 5.2). Despite inconsistencies in
forest terminology and forest data, there is a general
consensus that forests cover about 137,000ha (13 per-
cent of the territory) and Other Wooded Land (OWL) cov-
ers 106,000ha (about 10percent), totaling 23 percent of
the country (FAO, 2005). The extent of forests and OWL
for years 2000, 2005 and 2010 show there has been re-
markably little change in forest and OWL cover in the
last decade despite recurring and widespread forest fires,
extensive logging, and haphazard urbanization.

Box 5.2 Lebanon has two forest laws

The first law is the Forest Code of 1949 that provides the
basis for the management of forests by the Ministry of
Agriculture, and the second, Law 85 for the Protection of
Forests was promulgated in 1991 and amended by law
558 in 1996. MOA has designated more than a dozen
forests as national Himas and/or protected, pursuant to
the Law 558/1996.Many activities are banned inside pro-
tected forests and within a 500m radius (camping, log-
ging, grazing, and hunting). The ban exempts activities
related to forest management and research. Although
the 1949 Forest Code bans the felling of cedars, junipers,
and firs, enforcement remains painfully weak.

24 http://www.Inf.org.Ib/migrationnetwork/mig2.html
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Those pressures may have been offset by extensive re-
forestation programs, improved protected areas manage-
ment, and the gradual transformation of abandoned ag-
ricultural hillside lands to shrubs and forests. Fires occur
mainly between July and October, during heat spells, and
are partly due to changing land uses. In broadleaved for-
ests, Quercus species are the most common (Q. callipri-
nos, Q. cerris and Q. infectoria).In coniferous forests, Pi-
nus species are the most common (P. brutia and P. pinea).

ENVIRONMENTAL ASSESSMENT

Land use
Urban densification

The influx of Syrian refugees (formal housing, shelters,
and ITSs) has increased Lebanon’s population density by
about 37 percent from 400 to 520 persons/km?. Leba-
non is now ranking 16 on the world population density
index?* (at par with Aruba), up from 21 before the Syrian
conflict. Such densification results in many environmental
and social stresses on host communities including: more
waste generation, water and sanitation problems, more
vehicles and scooters on the roads, noise pollution, and
crowdedness. Urban densification also encourages new
construction. The environmental repercussions of densifi-
cation are highest in vulnerable communities, as defined
and determined by the UNHCR?5. The number and extent
of vulnerable communities is expected to increase as the
Syrian conflict prolongs and as the influx of Syrian refu-
gee intensifies (see Box 5.3). The impact of Syrian refu-
gees in the most vulnerable communities (at the level of
the cadastre) on natural areas is assessed below.

Impact of Syrian refugees on rental and
construction sector

Notwithstanding the Syrian refugee influx, the MOIM au-
thorized in 2014 municipalities and Qaemmagam to issue
construction “permits”?’ to local residents in mostly rural
areas?®. In theory, the permit allows the owner to build
a 150 m2 house, either at ground level or on top of an
existing 1-storey house not to exceed 7 meters in total.
The MOIM decision bypasses urban planning procedures.
Although the policy was conceived to address contin-
ued socio-economic hardships, it can have grave reper-
cussions on public safety and the urban environment if
building standards (Law No. 464/2004) and urban plan-
ning requirement are unheeded. In Bebnine for example,
a medium-sized town in Akkar with dramatic population
growth, the number of permits increased from 50 to 300
in three months?®. Although a lot of this construction is

Box 5.3 Most Vulnerable Communities

UNHCR, in coordination with UNICEF and the Presidency
of the Council of Ministers, have developed a tool to as-
sess community vulnerability in relation to Syrian refu-
gees. Using two indices (poverty and refugees), this tool
assumes that a high percentage of refugees correlated
with a high percentage of poverty increases the vulnera-
bility of the area. Accordingly, UNHCR defined five levels
of vulnerability, from most vulnerable (denoted “1") to
least vulnerable (“5"). According to the first vulnerability
map produced in July 2013, there were about 30 most
vulnerable communities in Lebanon, covering about 750
km2 (7% of the territory). By July of 2014, the number
had increased to 45 and their area to about 900 km2
(8.6% of the territory). The impact of vulnerability on
natural areas including ESAs and agricultural lands is vari-
able and depends on land cover and land use patterns in
host communities.

Source: Meeting Vulnerable Municipalities, July 2013 (UNHCR,
UNICEF, and PCM), updated July 2014

attributed to increased demand for rental apartments by
Syrian Refugees, baseline demand for new housing in re-
sponse to population growth cannot be dismissed.

According to UNHCR, the total estimated value of rental
transactions by Syrian refugees has reached 34 MUSD
per month. This rapidly saturating housing market is
encouraging local residents to build new homes and/
or finish unfinished homes. Haphazard and accelerated
construction can be seen in all affected communities. Ac-
celerated construction can also be detected from cement
and clinker demand data. Although annual cement pro-
duction is constant (about 6.5 Metric Tons (MT)), local
demand increased from 5.2 MT in 2010 (onset of Syrian
crisis) to 5.8 MT in 2013 (9 percent increase) and is ex-
pected to increase to 6 MT in 2014. Higher local demand
implies lower exports. According to an industry profes-
sional, at least 10 percent of that increase is attributed to
the Syrian refugee crisis.

2> Consultant calculations based on http://www.studentsof
theworld.info/infopays/rank/densite2.html

26 UNHCR-UNICEF presentation “Meeting Vulnerable Munici-
palities” (26 July 2013)

277 ArabiC sg>ga sliy Gob Jol goblo gl uinyl sty Galls £liy gsuas sliacl

28 MOIM Circular No. 613/C.M. (dated 5 May 2014)

2 Interview with Bebnine Mayor, Dr. Kifah Al-Kassar

% Data provided by Mr. Elie Chahine, Cimenterie National (May 2014)
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Impact of ITS on land use and agriculture

Syrian refugees who live in ITSs occupy more land than
those who live outside. Tents cannot grow vertically and
must also comply with UNHCR specifications related to
inter-tent spacing®'. According to an on-going assess-
ment of 151 Informal Settlements in the Begaa (which
harbors the highest number of ITS) housing 65,392 refu-
gees, the average area of an ITS is 10,000 m2 (UNHCR
2014). This is equivalent to 23 m2 per refugee, which
confirms the observation that ITSs are land greedy in
comparison with other shelters.

The number of ITSs is increasing steadily, from 250 in
June 2011 to 1,224 by May 2014. Collectively, these
ITSs house an estimated 160,894 refugees (15% of the
total number of refugees). The largest concentration of
ITSs are located in the Begaa (712 ITS) followed by Akkar
(300), which incidentally represent Lebanon’s largest ag-
ricultural regions (refer to Map 5.2 below). The number
and size of ITSs is expected to increase as the conflict

June 2012

Totad No. of informal Settiemants 282

Density of active IS

r—

Map 5.2 Growth of ITSs (as of March 24, 2014)

June 2013

Jame 2013 Dec 2013

extends, as refugees run out of resources to pay their
rent, and as the rental market saturates. Evictions be-
cause of unpaid rent are causing a reverse migration of
Syrian refugees from the cities to ITSs. This is particularly
noticeable in Akkar where 87 percent of refugees rented
in 2013 versus only 57 percent in 2014 (UNHCR 2014).

The majority of ITSs are located on private lands (mulk),
typically managed by a Syrian land broker called
“Shawish”. This person rents land from a Lebanese own-
er on an annual basis, and collects monthly rent from
each shelter unit. The average monthly rent per shelter is
about LL60.000 ($40) but rent can be much higher. Many
ITSs in Akkar and the Begaa have sprung up on private
lands that were previously used by migrant workers. The
expansion of ITSs on these lands will eventually impact
land use and/or land use planning.

Most ITSs are located on or near agricultural areas. This
does not necessarily mean that shelter units are occupy-
ing agricultural lands or have impacted agricultural pro-

April 2014

421 1,069

1069

April 2004

(Source: GIS & mapping by UNHCR Lebanon)

31 According to UNHCR's Information Management Unit (May 2014), the average size of an ITS is 26 shelter units with 131 persons
(approximately 6.1 persons / shelter unit). Tents are easily dismantled and entire ITSs have been seen to relocate in search of lower

rent and or better jobs.
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duction. Many ITSs in the Begaa and Akkar are estab-
lished on vacant or bare land, medians separating two
adjacent fields, or along roadsides and beneath transmis-
sion lines. However as the number of Syrian Refugees
continues to rise, further ITS growth will inevitably en-
croach on agricultural lands and put those lands out of
production, unless agricultural lands are designated by
the GOL as exclusion zones (refer to Map 5.3 on next
page). There is evidence that some shelter units built by
landowners inside agricultural areas are starting to look
like semi-permanent housing.

In Lebanon’s eastern mountain range, a semi-arid region,
the situation is somewhat different. Lying near the Syr-
ian border, the Begaa Valley border-town of Arsal with a
population of 40,000 has witnessed a massive influx of
an estimated 85,000 Syrian refugees. Arsal has reached
saturation, and overpopulation has put severe strains on
basic services such as shelter, water, and sanitation. The
refugees are spread in around 40 ITSs, 28 collective shel-
ters, and private accommodation. Arsal is Lebanon’s
largest cadastral zone and famous for its cherry planta-
tions (an estimated 2 million trees) and relic stands of
juniper trees. It has become one of Lebanon’s most vul-
nerable communities (hotspot) and the continued influx
of refugees will result in an ecological disaster. The risk
of abusive felling is significant whereby the rate of felling
would exceed natural regeneration.

Ecosystems

With regards to ecosystems, Syrian refugees impact eco-
systems either directly through ITS encroachment on
ESAs and other fragile ecosystems, or indirectly through
environmental impacts of refugees living in formal shel-
ters, such as waste disposal and illegal felling for heating.

Figure 5.2 [TS adjacent to greenhouses in north
Lebanon (Bebnine). Photo: K. El-Jisr

Potential ITS encroachment on ESAs

The distribution and growth of ITSs may potentially af-
fect ESAs. Syrian refugees living in other forms of shel-
ter (apartments and garages) will not directly impact
ESAs. Map 5.4 presents an overlay of ITSs and Lebanon’s
known ESAs and highlights potential environmental
stressors (see Table 5.1).

Table 5.1 Potential environmental stressors from ITSs
on ESAs

ESAs nearby to ITSs
concentration

Potential Environmental
Impact of ITSs

Risk of increased water con-
tamination from incremental
wastewater discharges, sludge
disposal, and waste disposal

Perennial rivers (Kabir,
Ostouene, Bared,
Litani, and Zahrani)

Risk of flooding: 81 out of

151 assessed ITS (52%) in the

Beqgaa are in flood prone areas
(UNHCR, 2014); increased risk

of wastewater and sludge infil-
tration into groundwater

In lowlands or flat
lands (Akkar plane,
Begaa, etc.)

Close to Quercus
forests north-west
of Baalbek
(Yammouneh)

Risk of abusive felling during
winter to provide firewood

No immediate threat to the
Reserve as the area is already
impacted by Lebanon’s largest
quarries

Inside the north-
eastern fringes of
the Shouf Biosphere
Reserve (Qab Elias)

Although Lebanon’s protected areas are not immediately
impacted by ITSs, they represent however a safe destina-
tion for ecological restoration programs, as detailed later
in the section Environmental Management Plan (EMP).

32 www.lb.undp.org/content/lebanon/en/home/presscenter/ar-
ticles/2014/07/10/needs-and-priorities-of-host-communities-
in-arsal/ and www.jadaliyya.com/pages/index/17566/arsal-
struggles-to-deal-with-the-syrian-refugee-ov
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Lebanon Environmental Assessment of the Syrian | Map 5.1 - Distribution of Informal Tented Settlement
Conflict & Priority Interventions on Agricultural Areas in Lebanon

Disclaimer: This map was prepared by ECODIT based on the Geo-Database of the National Land Use Master Plan (2004), Data from UNHCR (2014), Landuse Geo-Database
of the Ministry of Agriculture (2004). Layer of ITS was provided by GeoFlint. This map is not geographically representative of the boundaries and regions of Lebanon and has been
developed for illustrative purposes only. The projection of the displayed data is provided in Lambert Conformal Conic.

Map 5.3 Distribution of ITSs in relation to agricultural areas
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Disclaimer: This map was prepared by ECODIT based on the Geo-Database of the National Land Use Master Plan (2004) and Data from UNHCR (2014). Layer of ITS was provided
by GeoFlint. This map is not geographically representative of the boundaries and regions of Lebanon and has been developed for illustrative purposes only.
The projection of the displayed data is provided in Lambert Conformal Conic.

Map 5.4 Distribution of ITSs in relation to ESAs
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Impact of vulnerable communities on ESAs and other fragile ecosystems

An overlay of the most vulnerable communities on sectoral maps (refer to Map 5.5 and Map 5.6) shows considerable
intrusion on agricultural areas, forest areas, and ESAs (including IBAs and rivers) as indicated in Table 5.2 below. The
table shows 33 most vulnerable communities with natural areas (12 communities were removed from the list because
they are predominantly urbanized)?.

Table 5.2 Overlay of the most vulnerable communities on forests, agriculture, and ESAs

Village Name Cadastral Area in km? Forest Agriculture PA/ESA
Aaley 8.0 o

Aarsal 316.6 o oo

Akroum 88.0 oo oo o
Baalbek 37.4 oo

Bakhaoun 7.9 o coe

Barja 7.2 o

Barr Elias 24.1 coe o
Bebnine 6.7 L

Beddaoui 5.5 oo

Berqgayel 6.2 o

Borj EI Chemali 10.6 oo

Brital 42.9 oo

Chhim 8.5 ] o

Choueifat 9.2 o

El Mhamra 3.8 cee

El Minieh 919 soe

3 Tripoli El Tebbanneh, Tripoli El Tall, Tripoli El Haddadine, Zahle El Maalga, Bourj Hammoud, Bauchrieh, Chiyah, Haret Hreik, Bourj
El-Brajneh, Mousaiytbeh, Mazraa, and Saida
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Table 5.2 Overlay of the most vulnerable communities on forests, agriculture, and ESAs

Village Name Cadastral Area in km? Forest Agriculture PA/ESA
Ghaziyeh 9.3 o o
Ghazzeh 7.6 cee

Hadath 5.5 o

Halba 4.9 coe

Hermel 131 o oo

Machta Hammoud 19.4 o cee

Majdel Aanjar 253 o oo

Mina 2.7 o o
Miye W Miye 2.2 °

Ouadi Khaled 15.8 . coe

Qabb Elias 13 coe o
Saadnayel 5.4 coe

Sarafand 9.7 o o
Sir El Dannieh 2.6 o cee

Sour 6.5 oo oo
Taalabaya 5 oo

Tripoli El Zeitoun 11.2 o

Legend: “e” Low overlap, “ee” moderate overlap, “eee” high overlap
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Map 5.5 - Distribution of Vulnerable Towns on
Agricultural Areas in Lebanon

The projection of the displayed data is provided in Lambert Conformal Conic.

Disclaimer: This map was prepared by ECODIT based on the Geo-Database of the National Land Use Master Plan (2004), Data from UNHCR (2014), Landuse Geo-Database of the
Ministry of Agriculture (2004). This map is not geographically representative of the boundaries and regions of Lebanon and has been developed for illustrative purposes only.

Map 5.5 Distribution of vulnerable towns on agricultural areas in Lebanon
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Map 5.6 Proximity of vulnerable towns to environmentally sensitive areas in Lebanon
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Impact of Syrian refugees on forest
resources

The impact of Syrian refugees on forest resources is vari-
able, depending on the location. In north Lebanon for
example, border villages historically used to thrive on il-
legal trade routes with Syria, including the smuggling of
cheaper Diesel oil (mazout). These trade routes closed
when the Syrian Conflict intensified, pushing resident
populations to look for alternative energy sources includ-
ing firewood. According to one resident in Wadi Khaled,
the forest landscape has dramatically declined since
2012. In the absence of efficient law enforcement and/
or energy substitutes, the illegal felling of forest trees has
become a lucrative business in some parts of the coun-
try (@approximately LL350,000 per truck, or $233)*. High
wood density (high calorific value) fruit trees including
citrus, olive, and cherry are also used as firewood.

Other forest areas in Mount Lebanon and the Begaa have
been less affected but the risk of increased felling in the
future and as the conflict extends is very high. In agri-
cultural areas, many ITSs use trimmings and wood from
pruning operations as firewood.

According to their winterization program, UNHCR and
other relief agencies distributed Cash for Fuel or Fuel
Vouchers equivalent to 40 million liters of fuel oil to Syr-
ian refugees across the country between November 2013
and March 2014 (a mild winter). Assuming the average
number of refugees during this period was 858,641 (as
recorded in December 2013), and assuming efficient dis-
tribution systems, then each refugee family would have
received the equivalent of 279 liters over the 5-month
period®. The results of a post-winterization monitoring
survey targeting households which have received win-
terization assistance surprisingly show that between
24percent and 30percent answered that they have not
received winterization assistance, and 61percent of re-
spondents indicated that their fuel need was unmet. This
signals that more is to be done to meet the fuel needs of
all Syrian refugees in Lebanon to avert abusive felling and
forest degradation.

If heating needs can be satisfied through (imported) fuel
oil, and to a lesser extent from coppicing and agriculture,
then the impact on forests should be contained. Inter-
views with Syrian refugees confirm that many families
sold or traded their heat stoves for other commodities,
which raises concerns ahead of the next winter. The true
impact of winter on forest resources has yet to be felt but
will be significant unless sufficient fuel oil is distributed,
as well as energy-efficient heat stoves.

Impact of increased abstraction on surface
water resources and environmental flows

As detailed in Chapter 3 (Impact on Water and Waste-
water sectors), the incremental water demand for refu-
gees is estimated between 33 and 53 MCM based on
31 May 2014 data, and is expected to reach 43 to 70
MCM by the end of year 2014. This corresponds to a
nationwide increase of water demand between 8 and 12
percent.

Although water sources used by refugees are diverse
(public network, wells, public reservoirs/ stand pipes), the
main water sources are groundwater resources. Springs
are the easiest sources to tap as they require no pump-
ing. The extremely dry winter of 2013-2014 (total rainfall
less than 50 percent of the annual mean) has already im-
pacted springs many of which will dry up. Overexploita-
tion of springs and the construction of new wells near
springs (Akroum, Anjar, etc.) will reduce environmental
flows to a trickle. Environmental flows are important to
maintain ecosystem health and natural habitats down-
stream. In Akroum for example, a new 450m deep well
near a tapped spring (Ain el Sabeh)® is planned. The
spring is running dry and the new well will inevitably dry
it up completely until the next rainy season. In Anjar also,
in recent months many wells were built near and around
the famed Chamsine spring. At the local level, the pro-
liferation of wells (often unlicensed) will increase draw-
down which will encourage owners to build new wells or
extend existing wells deeper.

Impact of septage disposal on lands and
ecosystems

As mentioned in Chapter 3 - Water and Wastewater
sectors, 65.7 percent is channeled into wastewater net-
work, while 32.1 percent of wastewater is collected in
septic tanks. The increase in the rates of generation of
WW due to the Syrian refugees will further exacerbate
the environmental pressure due to the disposal of un-
treated WW as well as desludging of sceptic tanks.

Although desludging has been done for years, the rate
of desludging has dramatically increased since the Syrian
conflict. There appears to be no control or restrictions
over desludging activities by local authorities or aid agen-

34 Personal communication with several refugees in an informal
tented settlement, Douris, Begaa

3 Assuming 6 members per refugee family

% Phone interview with local residents
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cies alike. The disposal of sludge on open lands, in do-
lines (funnel-shaped depression of the ground surface),
and near streams will increase BOD pollution of these
receptors and may alter the composition of aquatic life
and riparian ecosystems. Sludge disposal on land and in
streams contaminate ecosystems, especially in karstic ter-
rain. For example, collection trucks in Akroum discharge
untreated sludge in dolines because high infiltration is
regarded as good for disposal.

Impact of solid waste disposal on land-
scapes and water bodies

As detailed in Chapter 2 (Impact on Solid Waste sec-
tor), the incremental daily quantity of MSW attributed
to refugees reached 683t/d (31 May 2014 data) and is
expected to reach 889 t/d by end of year 2014. Solid
waste disposal in open dumpsites results in waste disper-
sion, as well as water and soil contamination. Leachate
runoff from open dumpsites exhibit very high BOD and
COD load, very high ammonia-Nitrogen, and also con-
tain a variety of heavy metals including lead, zinc and
copper®. Leachate will percolate into the ground and
eventually contaminate nearby surface and groundwa-
ter. Site visits revealed widespread waste disposal in open
channels and river banks, often obstructing water flows.
Solid waste will accumulate in those areas indefinitely
or until the local municipality or aid agencies organize
a clean-up campaign. Waste disposal in open dump-
sites also consumes additional land area (an estimated
109,075 m2 — refer to Chapter 2), potentially infringing
on agricultural lands. Finally, it should be noted that open
dumping impact an area much larger than the dumpsite
area because of the diffusion of waste particles. In the
absence of containment measures, water and wind carry
waste particles long distances and therefore degrade a
much wider area (see photos of dumpsites spilling over
into stream banks).

Figure 5.3 Jeb Jennin waste dump spreads
across riverbed

Figure 5.4 Riverbank near Bebnine recently
emptied from accumulated waste

ENVIRONMENTAL MANAGEMENT PLAN
FOR LAND USE AND ECOSYSTEMS

The impacts of the Syrian conflict on land use and eco-
systems can be summarized as follow:

(1) Significant increase in Lebanon’s population density
and related environmental stresses, as well as acceler-
ated construction, mostly haphazard.

(2) ITS growth in flood-prone areas and potential en-
croachment on agricultural and environmentally sensi-
tive areas, and other fragile ecosystems.

(3) Unsanitary disposal of incremental solid waste, sludge
and related soil and water pollution.

(4) Increased demand for fuel and firewood and related
incremental pressure on forest resources.

To address these impacts, an EMP for land use and the
ecosystem sector is proposed. The plan includes a mix of
policy measures and proposed mitigation actions, and
assigns implementation responsibilities. Proposed ac-
tions may be compensatory or precautionary. The com-
plete EMP is presented in Table 5.3.

Potential mitigations measures

Because the impact of Syrian refugees on land use and
ecosystems cannot be easily measured (such as emis-
sions, solid waste, and sanitation), this EMP is organized
according to the four impact categories listed above and
not according to the mitigation’s timeframe. This pres-

37 According to a leachate composition survey of recent waste
in UK landfills, COD level reach 23,800 mg/l, BOD, mg/I
11,900 and Ammonia-N 790 mg/lleachate.co.uk/main/lea-
chate-chemistry-testing/landfill-leachate-composition/
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entation lends better to the policy-action mix proposed in
the EMP. Furthermore, the cost of policy oriented meas-
ures (including enforcement) is either nil or indicative. It is
important to note that many short-term mitigation meas-
ures should be implemented and sustained until the end
of the Syrian conflict.

Mitigating the impacts of population in-
crease, densification and haphazard construction

e The densification of villages and towns in Lebanon is
generating a suite of environmental and social stresses
on host communities (including 33 vulnerable com-
munities). The most tangible mitigation response is
to support efforts and activities that will alleviate the
environmental and social burden of host communities.
lllustrative activities include the renovation of public
spaces such as urban parks and playgrounds, which
are historically severely lacking in Lebanon.

e The saturation of Lebanon’s rental market is encour-
aging new and usually haphazard construction, which
often escapes law enforcement agencies. The current
MOIM directive authorizing mayors to grant construc-
tion permits to local residents directly and not through
conventional channels should be immediately revis-
ited. Notwithstanding the social and economic ration-
ale (drivers) behind this directive, the MOE has already
requested the MOIM to reconsider this policy which
could accelerate haphazard urbanization. Separately,
in unplanned areas, affected communities should re-
ceive additional attention and resources to complete
their (regional) urban master plans and associated reg-
ulations. Regional master plans require approval by the
HCUP and COM decree. More generally, aid agencies
and municipalities alike should closely monitor illegal
constructions, and incentives should be provided to lo-
cal residents to complete their unfinished homes. This
will increase the rental stock market without accelerat-
ing unplanned urbanization.

Mitigating the impacts of potential ITS en-
croachment on agriculture, forests, and ESAs

e Current and future ITS growth may encroach on agri-
cultural and ESAs. The GOL, and based on MOE's map-
ping work, should immediately delineate exclusion
zones that incorporate flood zones, usable agricultural
areas, ESAs, and other fragile ecosystems. Exclusion
zones should be based on SDATL Decree 2366/2009
(in particular Zone A/Agriculture, N/Natural, and F/
flood). Future ITS growth until the end of the Syrian

conflict must be avoided in these exclusion zones to
prevent ecological impacts and agricultural losses.

e Another priority measure is to protect ITSs located in
flood-prone areas against potential winter floods by
building flood earth-breaks and/or improving drain-
age. Flood prevention is necessary to avert loss of life
and material damages during winter.

e At the macro level, the MOE launched a government
initiative to develop a master plan to organize land
use activities in fragile ecosystems (mountains, natu-
ral sites and green areas, coastal zone, and agricul-
tural lands).This initiative complements many past and
on-going programs including the National Land Use
Master Plan3® (enacted by the COM in 2009), several
large-scale reforestation programs lead by MOA and
the civil society, and the Lebanon Mountain Trail (es-
tablished in 2007 as a corridor for recreation, envi-
ronmental monitoring, and conservation). The current
Syrian conflict provides an opportunity to accelerate
the political discourse and to consolidate support for
the proposed master plan, including from the interna-
tional community.

Mitigating the impacts of unsanitary waste
disposal and related pollution

e The disposal of solid waste in open dumpsites must be
contained. Chapter 2 (solid waste sector) has already
recommended the closure of 17 high impact and 85
medium impact priority dumpsites. Closure and reha-
bilitation may require many years. In the short term,
priority dumps must be contained to prevent contami-
nation and degradation of a much larger area than
the dumpsite footprint. Containment can be achieved
by installing fences around the dumpsite perimeter.
Cleanup campaigns can also be organized with the
Syrian refugees.

e Interms of sludge disposal, it is essential that aid agen-
cies require sludge trucks to transport their load to the
nearest WWTP, on the basis of a sludge disposal tip-
ping fee. Such guidelines can be developed and com-
municated with all aid agencies and affected munici-
palities immediately.

For other mitigation measures related to solid waste and
wastewater, please refer to Chapters 2 and 3.

38 Schéma Directeur pour I'’Aménagement du Territoire Libanais
(SDATL)
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Mitigating the impacts on forest resources

e The most significant long-term measure is to enforce
existing forest laws and regulations (Forest Law of
1949 amended in 1991 and 2000, and Law 558/1996).
In practice, the international community can support
conservation efforts as a compensatory measure for
ecological damages in affected communities. For
example, if the Syrian conflict is impacting forests in
Wadi Khaled, but security prevents ecological resto-
ration activities in this area, then aid agencies could
instead support conservation activities in other areas
not directly impacted by the Syrian conflict. Lebanon’s
15 protected areas constitute a priority destination for
conservation and ecosystem management.

¢ Increased demand for fuel and firewood is a direct
threat to Lebanon’s declining forest resources. The
importance of an efficient and flexible winterization
program cannot be sufficiently stressed. If alternative
sources of fuel are in short supply, then the trade in
local timber will increase dramatically. The winteriza-
tion program should seek to improve the distribution
system of fuel oil and heat stoves and encourage the
use of renewable energy if possible. The winterization
program for 2014-2015 will cost approximately 72
MUSD based on the assumption that at least 120,000
families are vulnerable (poor, and live above 500 me-
ters) and each family will receive 600 USD*°. Being an
energy-poor country, this assessment strongly advo-
cates the use of renewable energy sources such as bio-
mass (heat bricks), PV systems, and small-to-medium
sized wind turbines. Humanitarian aid agencies should
support on-going efforts to harvest renewable energy,
preferably in coordination with the MOEW (Lebanese
Center for Energy Conservation and CEDRO).

Environmental monitoring

There is no single organization responsible for environ-
mental monitoring. At minimum, the following param-
eters and environmental changes should be monitored:

e Haphazard construction (by local municipalities and
aid agencies if possible).

e Growth and spread of ITSs in relation to agricultural
and ESA maps (by aid agencies).

¢ Sludge disposal and waste dispersion (by WEs and aid
agencies).

e Solid waste accumulation in riverbanks and drainage
canals near ITSs (by local municipalities).

e Forests potentially affected by abusive felling (by MOA
in north Lebanon and the Bekaa).

Environmental management plan costs

As explained earlier, not all policies carry a tangible cost.
For purposes of this EMP, identified mitigation measures
can be valued, either as capital (one-time investment), or
as O&M (recurring). The estimated capital cost for pri-
ority mitigation measures related to land use planning
and ecosystem management is around 16 MUSD, plus
78 MUSD in annual O&M costs (incl. 72 MUSD for win-
terization).

39 Personal Communication with Mr. Chadi Ghajar, UNHCR
Assistant Distribution Coordinator
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Table 5.3 Environmental management plan to mitigate the potential impacts of the Syrian conflict on land use and ecosystem:

Potential Impacts Potential Mitigation Measures Nature of Measures

Technical

1.1 Alleviate the burden on host communities
by improving environmental planning at

local level
Technical
1. The number of Syrian Refugees has Policy
significantly increased Lebanon’s population
density (from 400 to 520 person/Km2),
generating a suite of environmental and social
stresses on host communities, and trlggermg Technical
new and often haphazard construction
1.2 Support municipalities in urban planning to
reduce pressure on private lands and the rate of
new construction .
Technical
Monitoring
Policy
2. Number of ITSs is increasing rapidly
consuming more land; current and future ITSs 2.1 Prevent ITS encroachment on ESAs, o
. . Monitoring
may be located in flood-prone areas or encroach agriculture, and flood prone areas
on agricultural and/or ESAs
Technical
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-in Lebanon

Planned/Proposed Actions

Renovate existing parks and/or build new public spaces
(parks, playgrounds, and outdoor sports facilities) in all 23
vulnerable communities (at 0.1MUSD/space).

Provide training to local municipalities and aid agencies on
how to integrate environmental management practices dur-
ing the provision of incremental community needs (water,
wastewater, solid waste and electricity demands)

(at USD 2,500/training).

Launch targeted policy dialogue to review/revisit MOIM circu-
lar regarding construction permits (No.613/CM).

Provide support to affected municipalities who don’t have
an urban master plan by accelerating pending studies and
approvals.

Support efforts to complete unfinished housing in vulnerable
host communities (while respecting building and urban plan-
ning regulations).

Develop protocol for reporting illegal construction / housing
related to Syrian Refugees.

Delineate ITS "exclusion zones" based on existing PA legisla-
tion, SDATL Decree 2366/2009, and recent calls to develop
a master plan for fragile ecosystems (see methodological
details in EMP chapter).

Monitor ITS growth in relation to exclusion zones (fragile eco-
systems including mountains, agricultural areas and coastal
zone) to prevent encroachment (at USD10,000/month)

Implement flood control measures in all ITSs which are lo-
cated in flood-prone areas (flood zones are defined based on
SDATL Decree 2366/2009).

Capital Cost
(MUSD)

2.3

0.25

0.05

0.05

0.1

5.00

O&M Cost
(MUSD/
year)

0.12

Responsible
parties

Municipalities;
local NGOs

Environmental
consultants
(training);
Municipalities
(beneficiaries)

MOIM (upon
MOE request)

HCUP for
approvals
and COM for
decree

DGUP

Humanitarian
aid agencies
and
Municipalities

MOE

MOA; MOE;
DGUP

UNHCR

Timeframe

Medium

Medium

Short to
Medium

Medium

Medium

Long-term

Short/Medium

Long-term

Short
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Potential Impacts

4. Increased demand for fuel and firewood is
exacerbating pressure on forest resources
(especially in North Lebanon and border areas)

TOTAL

Lebanon Environmental Assessment of the Syrian Conflict & Priority Interventions | September 2014

Potential Mitigation Measures

4.1 Enforce forest laws and regulations (Law
85/1991, Law558/1996) and PAs laws and
management plans

4.2 Ensure alternative sources of fuel before
each winter season

Nature of Measures

Policy

(Cap Dev)

Monitoring

Monitoring

Policy

Technical



O&M Cost

Capital Cost Responsible

Planned/Proposed Actions MUSD/ Timeframe
P (MUSD) ( parties
year)
S 1 fi t t d activities i t MOA; Munici-
upport fores mane?glemen programs and activities inmos 100 0 A unici Medilirm
vulnerable communities (4 comm. @ 0,25MUSD /comm.). palities
Increase the number of PA staff/rangers to monitor 15 MOE and PA ,
0 0.75 . Medium
protected areas and ecosystems (compensatory measure). Committees
Increase the number of forest guards patrolling forests and
guares p g 0 1.00 MOA Short

provide the necessary supplies (preventive measure).

Prepare an effective winterization program (2014-2015) that
will ensure adequate distribution of fuel oil and fuel-efficient 0 72.00 UNHCR Annual (fall)
stoves in all affected areas.

Support activities that will harvest renewable ener

. - . . . .gy . UNHCR;MOEW

including biomass (heat bricks) and small scale wind turbines 4.60 0 Annual (fall)
. " (LCEC; CEDRO)

in the most vulnerable communities.

15.95 78.47
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ANNEXES

ANNEX A. COMPLEMENTARY INFORMATION TO THE INTRODUCTION

A-1. Lebanon: Economic and social impact assessment of the Syrian conflict (September
2013) and Lebanon roadmap of priority interventions for stabilization (November 2013)

Lebanon: Economic and Social Impact Assessment (ESIA) of the Syrian conflict (September 2013)

“The ESIA provided an empirical knowledge base for the GOL and stakeholder consultations on developing and
adopting a comprehensive short-term mitigation plan and a realistic strategy for medium and long term sustain-
able growth”°. The four-week assessment estimated that USD7.5 billion were needed to reinstate the situation to
Lebanon pre-Syrian conflict conditions of 201 1. This estimate was based on the cumulative impact assessment of the
Syrian conflict spill over from mid-2012 until the end of 2014, in the fields of human and social development (includ-
ing education, health; employment, livelihoods; and safety nets); and infrastructure (electricity, water and sanitation,
solid waste management and municipal services, and transportation infrastructure).

The report warned about severe environmental and health impacts arising from deficits in water supply, water access
and quality; and in wastewater management practices. Groundwater contamination, pollution of water resources
and spread of water-borne diseases were also highlighted as a result of a twofold generation of solid waste in sev-
eral areas with high concentrations of refugees. In particular, the ESIA report showed that water demand reached
361.1TMCM/year; a 7percent increase in demand, when compared to the pre-conflict period. The total net impact in
2012 was estimated at 5.43 MUSD (additional capital and O&M expenditures and/or projections made by regional
WESs). An additional economic cost of 143 MUSD was associated with the diversion of 26 million m3/year, reflect-
ing the cost of alternative water sources provided by the informal sector as a result of the influx of refugees*'. The
stabilization assessment was based on an estimated gross water demand from the refugee population of 106 liters/
person/day. The short-term costs assessed humanitarian relief intervention costs; O&M costs associated with restora-
tion of access to water supply and sanitation, capital required for restoration of services in schools, as well as urgent
sanitation improvement projects and medium-term planning activities. After December 2014, significant infrastruc-
ture investments and institutional reforms must be made to reduce the developing deficit in the water and sanitation
services sector.

Municipal solid waste costs are estimated between 193-206 MUSD required to close and rehabilitate open and
uncontrolled municipal solid waste dumps; establish sorting, composting, and land-fill facilities; and to cover the
expected additional operational and capital expenditures. This figure excludes the investment costs associated with
the Waste-to-Energy plants planned for the BML area under Solid Waste Management Strategy (MOE 2010) and the
draft National Master Plan for Solid Waste Management (MOE 2013).

An immediate impact of the Syrian refugee influx on the electricity sector has been observed due to increased loads
resulting from connection of improvised refugee accommodations to the electricity grid, Lebanese households where
refugees are being hosted, refugees’ rented accommodations, as well as hotels and other rented accommodations

40 ESIA report, World Bank, page 32.
41 ESIA report, World Bank, page 111
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where occupancy is above normal rates. Additional demand is being met either through privately operated genera-
tors where these can be afforded, or reduction in supply to the baseline Lebanese population. The analysis conducted
by MOEW and the World Bank concluded that the demand due to the incoming Syrian refugees was expected to
increase to 213MW by December 201342,

There is no available data that can quantify the costs incurred by the transportation sector. However, the impact of
the Syrian refugees resulted in a 50 percent increase in road traffic; with associated vehicles operating costs and
additional road accidents. Moreover, in Beirut, speeds have declined by 30 percent; particularly during peak hours.
This has resulted in substantial delays, congestion, and associated costs. Along the same vein, transit business for
Lebanese trucks has dropped by about 80 percent. Additional costs approximated at around 246-525 MUSD will be
incurred during the period from 2012 to 2014.

Lebanon roadmap of priority interventions for stabilization (November 2013)

Based on the outcomes of the ESIA Report, the GOL released the “Lebanon Roadmap of priority interventions for sta-
bilization” in November 2013. Developed with the support of the World Bank and the United Nations, the roadmap
presents a preliminary set of priority interventions to contribute towards qualitatively and quantitatively alleviating the
impact of the Syrian conflict in Lebanon. Tables 1.1 to 1.4 provide a summary of proposed interventions for stabiliza-
tion at the short-, medium- and long-term levels for the sectors of environmental relevance: water and sanitation,
solid waste management, electricity, and transport.

42 ESIA Report, World Bank, page 127



Table A-1. Lebanon Roadmap - Summary of priority interventions of water and sanitation

Sector

Water and sanitation services (WSS)

43 Lebanon Roadmap, Track One interventions, page 12.
4 Lebanon Roadmap, Track Two interventions, page 13.

Track One

Intervention*

e Repair activities, including repair measures to existing public water supply
and wastewater infrastructure to boost supply and improve services in high
impacted areas; flood mitigation works in critically affected areas including
repair and/or replacement of critical equipment, vehicles and tools including
booster pumps, water well rehabilitation, septic tanks rehabilitation, electrical
grid reconnection to key distribution plant and additional point of use meter-
ing installations.

e Extension activities that could include, among others, drilling of wells, instal-
lation of bulk water storage tanks (including rainwater harvesting), power
generator sets and pipeline extensions; chlorination facilities and associated
water supply infrastructure.

e Operation and maintenance costs of existing water and wastewater treat-
ment infrastructure, including the cost of fuel/power/manpower inputs associ-
ated with increased water and sewerage services.

e Technical assistance for project design and implementation and support for
mitigation of environmental risks in host communities caused by shortages and
degradation of water and wastewater services.

Focus: North and Bekaa.
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Costs
(MUSD)

60

Track Two

Intervention

e Assist municipal and water institutions to augment capacity to service water and sanitation needs in com-
munities and regions where existing operations are most stressed by incoming refugees through increased
private sector engagement.

e Put in place rapid deployment matching grant program designed to assist businesses services and under-
take training to augment business opportunities and employment generation activities including in WSS#.

Increase access to improved water and sanitation services, including®
e Rehabilitation/ expansion of water supply sources (e.g. bulk surface water storage, pumping station up-
grade and expansion, well rehabilitation).

e Rehabilitation/ replacement of water distribution networks and associated infrastructure to reduce leaks
and improve distribution efficiency.

e Expansion of wastewater collection network infrastructure and wastewater infrastructure including con-
struction, expansion, and commissioning of centralized and decentralized (onsite) wastewater treatment
facilities.

e Extension of freshwater sources for use in irrigation to reduce the use of untreated wastewater in agriculture.

e Technical assistance in the development of regulation for the use of untreated wastewater in agriculture,
and piloting of treated wastewater re-use for subsurface irrigation pilots.

* Cross-referenced for Tracks 3 and 4

Strengthen institutional and technical capacity to sustainably implement the NWSS#®
e Infrastructure investment and studies for improved surface water storage and inter-basin transfer projects.

e Infrastructure investment and studies for advanced water and wastewater treatment plants and associated
infrastructure.

e Assist the Regional WEs (particularly in the Bekaa) in increasing the number of household connections/
subscriptions, which will improve billings and collections rate thereby strengthening its financial sustainability;
including recruitment and training of bill collectors, meter reading, awareness raising campaigns.

e Purchase/ install/operate water meters and design/ implement metered water distribution zones as possible,
to facilitate the implementation and roll out of volumetric metering for water supply.

e Finalize regional wastewater master plans and associated organizational management reforms.

¢ Finalize wastewater quality standards for wastewater reuse and discharge including studies into the eco-
nomic reuse of sludge and wastewater to generate livelihood potential and off-set O&M costs.

e Implement pilot pollution control schemes in highly vulnerable areas and in areas more subject to pollu-
tion than other, like industrial cities; develop flood mitigation strategies and disaster preparedness response
mechanisms.

* Cross-referenced for Track 3.

4 Lebanon Roadmap, Track Two interventions, page 18.
4 | ebanon Roadmap, Track Two interventions, pages 18 and 19.

Costs
(MUSD)

TBD

175

155



Table A-2. Lebanon Roadmap - Summary of priority interventions of SWM

Sector

Solid waste
management and
municipalities

Track Two

Intervention

¢ Assist municipal institutions to augment capacity to service solid
waste management requirements in communities and regions where
existing operations are most stressed by incoming refugees through
increased private sector engagement.

e Put in place rapid deployment matching grant program to assist
businesses to adapt services, and undertake training to augment busi-
ness opportunities and employment generation activities including in
aforementioned solid waste*’.

Emergency municipal services and social resilience projects

¢ Help Lebanese municipalities and host communities most affected
by the influx of Syrian refugees to address the service delivery and
socioeconomic impacts of Syrian refugee inflows by allowing mu-
nicipalities to finance additional municipal services ( services that are
directly within the municipal competence as well as services that can
be contracted out by municipalities to other service providers)*®.

¢ Rehabilitate and close municipal solid waste dumps. A total of 504
municipal waste dumps were identified over the Lebanese territory.
As part of the Lebanese Government’s Master Plan for the closure and
rehabilitation of open and uncontrolled municipal solid waste dumps,
a number of priority dumps were identified for rehabilitation and/or
closure®.

* Cross-referenced for Track 3
-Establish composting, separating and landfilling facilities (excluding
waste-to-energy plants), based on the NWSS and CDR list of relevant

investments in secondary cities and rural areas™°.

* Cross-referenced for Tracks 3 and 4

47 Lebanon Roadmap, Track Two interventions, page 13.
48 L ebanon Roadmap, Track Two interventions, page 19.
4 Lebanon Roadmap, Track Two interventions, pages 19 and 20.
*0 Lebanon Roadmap, Track Two interventions, page 20.

Costs (MUSD)

TBD

100 (costs specific to
SWM not identified)

50
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Table A-3. Lebanon Roadmap - Summary of priority interventions of electricity

Track Two Track Three

. Costs ) Costs
Sector Intervention Intervention
(MUSD) (MUSD)

Increase generation capacity due to the incoming Syrian
refugees estimated of 213MW by December 2013. Total
demand for electricity by Syrian refugees in the high

Support of
ongoing program

t of 4.5 330

management o influx scenario is estimated to rise to 362 MW by end of
energy sector 2014(MOEW/WB)®

rojects®' '
pro) * Cross-referenced for Track 4

Electricity
Strengthen and expand the transmission and distribution

Support the

. networks in order to accommodate the additional elec-
preparation of - . .

. tricity supply required by Syrian refugees, and evacuate
new priority 55 " . . 100

. . the 362 MW of additional generation (mentioned above),
projects in the . . ,
further strengthening and expansion of Lebanon’s trans-

energy sector

mission and distribution systems will also be required®.

Table A-4. Lebanon Roadmap- Summary of priority interventions of transportation

Track Two Track Three

Sector Intervention Costs Intervention Costs
(MUSD) (MUSD)

Freight sector revitalization and
border crossings modernization,
including (1) modernization and
upgrade of the border crossings
with Syria (North and Bekaa), (2)
policies aimed at the revitaliza-
tion of the trucking sector, (3)
railway link between Tripoli port
to Abboudiyeh border crossing
to Syria (in the North).

Maintenance and expansion of the road

network in lagging regions that are

most affected by the influx of refugees

such as Akkar, Bekaa and the North.

Investments are needed for better 100

maintenance of the road network and

for increasing the capacity of some road
Transportation sections through rehabilitation, widen-

ing and/or expansion®.

100M

Improvement of greater Beirut Public

Transport (20% increase in road traffic)

First phase will focus on decongesting 200
Beirut-Tabarja®.

* Cross-referenced for Track 3

>! Lebanon Roadmap, Track Two interventions, page 20.

2 Lebanon Roadmap, Track Three interventions, pages 23 and 24.
>3 Lebanon Roadmap, Track Three interventions, page 24.

4 Lebanon Roadmap, Track Two interventions, page 21.

>> Lebanon Roadmap, Track Two interventions, page 21 and 22.



Table A-5. Summary of interviews with municipalities and unions of municipalities®®

Population
. £ Municioaliti
Umo_n_o \ _unlapa ities/ SWM
Municipalities Resident Syrian
population refugees
Union of Municipalities 55'(.)00 iy .
of Tvre® 200,000 (registered and Quantities of waste doubled (accordingly costs doubled)
y unregistered)
Union of Municipalities 40,000 o )
of Sahel® P 35,000 (most registered) Quantities of waste doubled (accordingly costs doubled)
250 Million L.L equivalent to USD 165,892 (2011, 10
Union of Middle and Municipalities)
90,000 A . 50,000 . e
Sahel Al Qaytaa®® S 500 Million L.L. (USD331,785)(10 municipalities, 2012)
650 Million L.L. (USD431,320)(2012, 11 Municipalities)
. e 17,000 -
Union of Municipalities i 170 Million L.L. (USD112,806)/year;costs of 10 tons col-
40,000 (registered and )
of Ostwan®° ) lected daily
unregistered)
. e el 60,000 SW used to be collected once daily; now increased to 3
Union of Municipalities i i
200,000 (registered and times a day.
of Baalbeck® . . .
unregistered) Costs estimated to 2 Billion L.L. (Increase by 40%)
Collected SW i d f 25 tons daily (2012) to 75
Municipality of Bar Elias? 42,000 60,000 ollected SW increased from 25 tons daily (2012) to
tons daily (2014)
Municipality of Majdal 7 tons equal to 175 Million L.L. (USD116,124)/ton (2012) to
. 22,000 23,000 -
Anjar®3 14 tons (equal to 200 Million L.L.(USD132,714)/ ton (2014)
Collection increased from twice daily to 4 times per day;
Municipality of Bebnine® 38,000 17,000 Costs increased from180 Million L.L. (USD119,442)/year

(2010) to 350 Million L.L. (USD232,249)/year (2014)

6 The information provided in the table is presented as communicated by the municipalities and unions of municipalities.

7 Interview with President of Tyre Municipality, Mr. Hassan Dbouk and Head of Administrative Department of the Union of
Municipalities of Tyre, Mr. Mourtada Mhanna, 9 May 2014

*8 Interview with Mr. Ali Taha, member of Municipality of “Qaabrine-Tal Melki-Al Roumoul-Mogaytaa” and the Administrative
Coordinator of the Union of Municipalities of Sahel, 15 May 2014

% Interview with President of Union of Municipalities, Mr. Ahmad El Mir, 15 May 2014
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WW maintenance

USD150/municipality/ month (2011)
USD33,750/ municipality/month (2014)

o WW network is unavailable

¢ No capacity to treat WW resulting from ITSs

e USD50 (waste disposal in valleys) and USD100 (in Tripoli sani-
tary disposal)

e Maintenance costs equal 6 Million L.L. (USD3,981) (2011)
e Maintenance costs equal 8 Million L.L. (USD5,308) (2013)
e Emptying septic tanks cost 2 Million L.L.(USD1,327)/ month

e Most municipalities are not connected to WW networks
e WW discharged in open lands due to unability of municipalities
to cover costs of WW collection and disposal

e Costs unavailable for the Union.

e Municipal costs doubled; e.g. Baalbeck budget was 400 Mil-
lion L.L. (USD265,428) (2011-2012)- excluding O&M- now costs
doubled

e Costs of WW maintenance equal 30 Million L.L. (USD19,907)/
year (2012)

e Costs of WW maintenance 100 Million L.L. (USD66,357)/ year
(2014)

USD3000/month (2012)
USD7000/month (2014)

Old sewage network; no treatment
Part of an EU funded project that will start in October 2014

Remark

e Only 15% of households are connected to WW networks.
e There are three palestinian camps and informal gatherings host-
ing PRS(additional pressure on basic infrastructure)

® 95% of refugees live in ITS.

e Pollution from WW flooding is causing skin diseases

o All wells are unlicensed (estimated in thousands)

® 30% of citrus planted lands are converted to vegetable cultivation

e WW disposal is occuring in valleys and open lands
e Air is mainly polluted due to WW flooding, and chaotic open
burning

e Requirements to collect SW increased from once to 4 times per day
e Air is mainly polluted due to WW flooding and to open burning

e A number of wells has dried due to water scarcity and over-pumping
e Ostwan River is polluted

e Baalbeck city alone hosts 40.000 Syrian refugees, and the adja-
cent Wavel Palestinian camp

e Increased demand on construction permits for renting purposes.
95% of constructions are illegal ; and are encroaching on
agricultural lands

* 60% of households are connected to WW networks

e Disposal and burning of SW is occuring in open dumpsites
e There are15 ITS (each including between 25 and 200 tents)

® 90% of Syrians live in rented appartments
e Construction requests increased from 50 (2010); to 300 requests
in 2012/2013

&0 Interview with Mr. Abdallah Mohammad (member of the Union Council) and Mr. lbrahim Al Rifai (member of the municipality
of Baldeh; Head of the Police of the Union), 15 May 2014

¢ Interview with President of Union of Municipalities, Mr. Hussein Awada, 12 May 2014

62 UNDP, Interview with Mayor of Municipality of Bar Elias, Mr. Saadeddine Ibrahim Mita, 26 June 2014

63 UNDP, Interview with Mayor of Municipality of MajdalAnjar, Mr. Sami Ibrahim Al Ajami, 24 June 201.

® Interview with Mayor of Municipality of Bebnine, Dr. Kifah Al Kassar, 12 June 2014



A-2. Limitations of the methodology

This report faced a number of challenges. While some of these were common across all sectors, some limitations were
sector-specific. A key challenge of this assessment was the lack of a reliable and consolidated source of information
per sector despite the deployed efforts of all parties. Information is scattered and difficult to trace. Another challenge
was the limited time allocated to conduct the assessment, which hindered the field verification of information related
to some sectors.

Regarding the solid waste sector, the adopted methodology for calculating waste generation rates by refugees, and
consequently the incremental quantity of waste, consisted of assessing available data and making some corrections
for the baseline year onwards in BML, Zahle and Tripoli where exact records are available for the quantity of waste
received at the SWM facilities. However, it was not possible, within the short period of time, to accurately measure
the waste generation rates attributed to refugees in the field mainly in ITSs and substandard buildings. Finally, the
MOE/UNDP/ELARD study of 2011 on dumps was used as the basis for assessing the distribution of the incremental
quantities of waste in the existing dumps and determining the pattern of their management; however, due to lack
of time, it was not possible to verify if new dumps have emerged or a change from depositing of waste in dumps to
burning of waste in the dump might have taken place due to increasing pressures or vice versa.

As for the water and wastewater sector, the adopted methodology for calculating water demand and wastewater
generation rates by refugees was limited to secondary data available in published reports. Data availability in relation
to health, changes in water supply and demand, and operation and maintenance costs in the different WEs®, and
surface water quality data was not accessible within the short period of time required to conduct the assessment;
therefore, the quantitative analysis was not possible for all impacts on the sector. Moreover, data obtained through
interviews with Union of Municipalities is based on estimations of the members of the Unions.

The adopted methodology for assessing the increase in air pollution due to Syrian conflict was restricted to the cal-
culation of the increase in emissions for the different affected sectors and their regional distribution over Lebanon.
Modeling of air quality nationwide requires a modeling of the weather data; validation of the weather model; the cal-
culation of emissions increment; and, the run of a chemical-transport model. Consequently, a full assessment of the
degradation of air quality would require more time and was not possible in the duration of the assessment. On the
other hand, the data used to calculate the emissions increment was at times based on assumptions made by World
Bank or other agencies/authorities, since measurements of some parameters were not possible within the short pe-
riod of time. As collected data was not always region specific, emissions were sometimes allocated based on the best
available and reasonable spatial indicators. Finally, the study could not tackle the health impact as no epidemiological
data was/is available vis-a-vis the linkage of air quality and health in Lebanon.

Finally, the development of the chapter of land use and ecosystems was hindered by the limited field access to vulner-
able communities due to political and security issues, the reliance on anecdotal evidence during field trips to assess
trends and draw preliminary conclusions, and the difficulties in separating the impact of the Syrian refugees from
baseline environmental conditions before the Syrian crisis.

8 An interview with the Director General of Bekaa Water Establishment has provided specific data.
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ANNEX B. COMPLEMENTARY INFORMATION TO THE SOLID WASTE SECTOR
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Box B-1. Methodology for the calculation of solid waste generation rates and
incremental waste quantities

In order to determine the incremental quantity of MSW generated by refugees by end of 2014, it was necessary to
calculate the waste generation rate attributed to refugees, and apply it to their population by end of year 2014 (as
per RRP6 estimates). Available records on solid waste quantities generated during the years 2011 (considered to be
the baseline year before the Syrian influx), 2012 and 2013 were collected from:

-MOE, for the solid waste quantities received at the Karantina and Amrousiyeh sorting facilities (serving Beirut and
Mount Lebanon — excluding Jbeil), (Sabbagh 2014)

-Union of Municipalities of Al Fayhaa— Tripoli, for wastes received at the semi-controlled dump (Homsi 2014),
-MORES Supervising Consultant for Zahle facility, for the solid waste quantities received from Zahle and 25 sur-
rounding municipalities (Nassif 2014).

Case of BML Beirut & Mount Lebanon
1,100,000
The total quantity of waste received at both ot i
Karantina and Amrousiyeh sorting facilities ‘usalcm 1,053,565
5 1. b

amounted to 1,019,639 t/yr in 2011. A fore- i
casting of the waste quantities (at an annual 1.040.000 1 e

- 3500
rate of 1.65 percent per year) was applied on ~ § 1.020.000
2011 data to calculate the theoretical quantity & 1000000 -
of waste for the year 2013 (1,053,565 t/yr). The g BEO.00D
Syrian crisis resulted in a drop in the number S o Forbcasted uerity i)
of visitors between year 2011 (1,655,051 visi- - —a— Actusl quantily (1
tors) and 2013 (1,274,362 visitors) (Ministry of : Comection - Drog in Tounsm (1
Tourism, 2013). This drop of 380,689 visitors amom = < = Correction -Men regitensd Syrians {t)
requires correcting the baseline by deducting 500,000 S e P
the portion of waste generated by these tour- ‘
ists from the baseline data (5,482 t/yr). Figure B-1: Calculation of waste generation rate in BML

A similar correction was done to the baseline for the solid waste generated by the non-registered Syrians who fled
Syria since the beginning of the crisis in March 2011 and came to a safe refuge in Lebanon (14,400 t/yr). An assump-
tion was made that, out of the 230,000 non registered Syrian present in Lebanon, 100,000 arrived to the country
by end of 2011,and 80 per cent of them settled in BML.

The corrected forecasted quantity (after accounting for drop in tourism and non-registered Syrians) for the year
2013 amounted to 1,033,683 t/yr (instead of 1,053.565 t/yr) was deducted from the actual cumulative quantity
received at Karantina and Amrousiyeh sorting facilities by the end of 2013. This difference was attributed to the
Syrian refugees registered in Lebanon by end of 2013.

By dividing the difference (50,464 t/yr) over the number of refugees by end of 2013, the waste generation rate for
BML was computed to be 0.53 kg/refugee/day.

The same exercise of comparing corrected forecasts vs actual quantities received was repeated with the data avail-
able for Zahle and Tripoli to compute the waste generation rates in these 2 areas. The results were 0.47 and 0.51
Kg/refugee/day, respectively.

The three computed waste generation rates were used to determine the incremental quantity of waste generated
by refugees in these areas by the end of 2014. In other areas, a weighted average (0.50 kg/refugee/day) was used
to determine the quantity of waste generated. In cazas where informal settlements are dominant (Akkar, Baalbeck,
West Bekaa, El Minieh Dannieh), a specific waste generation rate was calculated based on the fact that ISs produce
less waste (UNHCR confirmation and field observations);knowing that 57 percent of refugees live in rented apart-
ments, while the remaining 43 percent live in ISs, unfinished buildings, garages and substandard buildings. This
waste generation rate was found to be 0.43 kg/refugee/day.

The calculation of the incremental quantity, cost and destination of MSW generated by refugees based on estimates
of 31 December 2014 are presented in table B-1.
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Table B-1. Incremental quantity, cost and destination of SW generated by refugees
by end of 2014

Mohafaza

Beirut

Mount
Lebanon

North
Lebanon

Bekaa

Caza

Beirut

El Matn

Baabda

Kesrewan

Chouf

Aaley

Jbeil

Akkar

Tripoli

El Minieh
- Dennieh

El Koura

El
Batroun

Zgharta

Bcharre

Zahle

Baalbeck

West
Bekaa

Rachaya

El Hermel

Gene-
ration
Rate
(kg/p/d)

0.53
0.53

0.53

0.53

0.53

0.53

0.50

0.43

0.51

0.43

0.50

0.50

0.50

0.50

0.47

0.43

0.43

0.50

0.50

Cost
($/ton)

130

130

130

130

130

130

35

30

52

35

30

30

30

30

41

30

30

30

30

Total
refugees

63,164

109,191

183,265

25,978

105,848

112,445

8,377

163,332

107,268

90,578

23,877

24,492

19,095

3,642

263,705

179,213

92,523

16,568

8,902

31-Dec-14
Incremental Incremental
daily yearly
quantity quantity
(vd) (tyr)
33 12,183
58 21,061
97 35,349
14 5,011
56 20,417
59 21,689
4 1,534
70 25,406
54 19,803
39 14,089
12 4,372
12 4,485
10 3,496
2 667
124 45,311
76 27,876
39 14,392
8 3,034
4 1,630

Incremental

cost/year

(6]

1,583,834

2,737,978

4,595,379

651,395

2,654,153

2,819,564

53,683

762,186

1,029,752

493,127

131,161

134,541

104,893

20,005

1,857,738

836,294

431,757

91,011

48,901

Destination

SUKOMI

SUKOMI

SUKOMI

SUKOMI

SUKOMI

SUKOMI

Hbaline/
dumps

Srar - open
dumps

UofM-
controlled
dump

OMSAR
facility
+ open
dumps
open
dumps

open
dumps

open
dumps

open
dumps

Zahle SWM
+ dumps

Kayyal
+ open
dumps

Open
dumps

open
dumps

open
dumps

Number
of existing
facilities/
dumps

2 SCL

11D

9D

20D

5D

15C+
3D

30D

1S+1D

1SC+13
D

20D

7D

5D

1SCL +
18D

1SC+1
Lp + 60 D

32D

24D

5D



Gene-
Mohafaza Caza ration
Rate
(kg/p/d)
Sour 0.50
Saida 0.50
|\/| 13-
aa 0.50
South youn
Lebanon

Jezzine 0.50

El
0.50
Nabatiyeh

Hasbaya  0.50

Bent Jbeil 0.50

TOTAL

S = Sorting

Cost
($/ton)

45

110

30

30

30

45

30

Total
refugees

62,046

92,642

11,589

4,074

43,129

7,551

12,509

31-Dec-14

Incremental
daily
quantity
(t/d)

31

46

22

1,835,000 889

C = Compositing

Incremental
yearly

quantity
(tyn)

11,361

16,963

2,122

746

7,897

1,383

2,290

324,568

L = Landfill

Number
Incremental . ..
. of existing
cost/year Destination i
©) facilities/
dumps
Ain Baal,
ras el 1SC+
911249 aain,open 51D
dumps
Saida SWM
facility, 1 SAD +1L
[ open +38D
dumps
63,663 open 2SC +
dumps 25D
22,377 open 16 D
dumps
open 1SC+
236,917
dumps 30D
62,222 e 21D
dumps
3SC
68,713 ol "
dumps 37D
23,868,454
D = Dumps
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Table B-2. Calculation of the incremental waste volume burned and deposited in dumps
by end of 2014

QUANTITY (T/YR) VOLUME (M3/YR)
. Incremental  Incremental
Generation . Incremental .
Mohafaza Caza Incremental quantity volume volume in
Rate (kg/p/d) volume
burned dumps
Beirut Beirut 0.53 12,183 34,810 0 0
El Matn 0.53 21,061 60,175 1,171 1,838
Baabda 0.53 35,349 100,997 399 4,651
Kesrewan 0.53 5,011 14,316 483 233
Mount
Lebanon Chouf 0.53 20,417 58,333 426 2,491
Aaley 0.53 21,689 61,968 1,221 1,877
Jbeil 0.50 1,534 4,382 13 4,369
Akkar 0.43 25,406 72,589 24,530 48,059
Tripoli 0.51 19,803 56,580 0 56,580
El Minieh - 0.43 14,089 40,255 4,561 19,592
Dennieh
North
Lebanon El Koura 0.50 4,372 12,492 8,772 3,720
El Batroun 0.50 4,485 12,813 23 12,790
Zgharta 0.50 3,496 9,990 6,445 3,545
Bcharre 0.50 667 1,905 551 1,354
Zahle 0.47 45,311 129,459 59,940 0
Bekaa Baalbeck 0.43 27,876 79,647 79,628 19
West Bekaa  0.43 14,392 41,120 39,744 1,376
Rachaya 0.50 3,034 8,668 8,668 0
Bekaa
El Hermel 0.50 1,630 4,657 4,657 0
Sour 0.50 11,361 32,460 23,592 1,078
Saida 0.50 16,963 48,467 4,824 7.293
Marjayoun 0.50 2,122 6,063 2,051 2,496
South Jezzine 0.50 746 2,131 1,715 416
Lebanon
El Nabatiyeh  0.50 7,897 22,563 22,284 279
Hasbaya 0.50 1,383 3,951 3,021 930
Bent Jbeil 0.50 2,290 6,544 3,284 1,624
324,568 927,336 302,003 176,609

SW Density = 350 kg/m3
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Box B-2. Methodology for prioritization of impacts of incremental waste quantities on

surface and groundwater

The dump survey (MOE/UNDP/ELARD, 2011) was used as a basis for this assessment. Attributes related to
incremental waste quantities, geology (lithology and faults density) and hydrology (distance to drainage
line and distance to springs) were selected for each of the 503 dumps (excluding Saida dump) and each
was assigned an equal weight reflecting the equal significance of their associated environmental impact.
Each attribute was then given a “sensitivity grade” varying from 0 to 10 and was divided into 4 quarters
or ranges (the higher the value, the greater the sensitivity).

Table B-3. Dumps Attributes

ATTRIBUTE 0.0-2.5

Incremental quantity of waste
at site (m?3)

Considerable
Lithology (70%)  to high clay
content

Geology

Faults &

lineaments

density <10
(segment /km?)

(30%)

Distance to
drainage line >200 m
(80%)

Hydrology

Distance to

200
springs (20%) > m

2.5-5.0

<2,000 m?

Clay contents
and jointing
systems

10-15

200-100 m

200-150 m

5.0-7.5

2,000 - 10,000
m3

Secondary
porosity, differ-
ent forms of
karstification
and presence
of some marl
intercalations

15-20

50-75m

150-100 m

7.5-10.0

>10,000 m?3

Secondary
porosity (cracks
& joints) of
carbonate rock,
plus high
karstification

> 20

<50 m

<100 m

The Risk Sensitivity Index (RSI) was then calculated for each dump by adding all attributes. The maximum
score that can be achieved is 30. Sites with high a RSI are the sites where impacts are expected to be
important and require immediate intervention. Results of the highest RSI scores for the 20 first sites are

presented in Table B-4.



Table B-4. RSI Scores for the highest priority areas for impacts on surface and
groundwater

RSI combined Hydrology

Site_ID Mohafaza Caza score score Geology score
T9-Srar-0 North Akkar 23.67 17.15 16.19
J7-Barr Elias-00 Begaa Zahle 20.95 14.71 13.95
;1 :i‘j:n?oa:ou" South Sour 20.62 14.31 14.37
R7-Adweh-0 North Minieh 19.64 12.36 16.64
J6-Qabb Elias-00 Begaa Zahle 19.22 12.91 14.22
E4-Kfar Tibnit-00 Nabatieh Nabatieh 19.15 11.07 16.65
:Z::?;;h el Begaa Baalback 18.46 12.18 10.36
;’ﬁ::':gset B Vountleb  Baabda 18.36 11.65 10.88
J6-Taalbaya-00 Begaa Zahle 18.18 11.77 15.43
S7-Mgaiteaa-0 North Minyeh-donniye 18.08 11.77 11.08
R8-Birkayel-0 North Akkar 17.96 10.71 15.23
R9-Fnaydek-0 North Akkar 17.77 13.24 12.29
Q7-Deir Nbouh-0  North Minieh-Diniyeh  17.67 10.34 10.19
P7-Beslouqit-2 North Zgharta 17.54 9.49 10.06
P5-Hamat-1 North Batroun 17.32 10.90 14.04
N5-Hbaline-0 Mount Leb Jbeil 17.16 13.21 9.68
J6-Saadnayel-00 Begaa Zahle 16.64 10.29 12.14
iS_;)I\(:Iachgha- Begaa West Begaa 16.44 12.71 8.96
C-2-Qana-01 South Sour 16.23 12.50 8.75
:ﬁ:\?:zz . Beqaa West Begaa  15.99 9.75 8.99
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Map B-3 - Priaritization of impacts of Incremenial Sold Waste Quantites on
Ground Water
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Map B-3 Prioritization of impacts of incremental solid waste quantities on ground water
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Map B-4 - Pricritization of impacts of Incremental Solid Waste Quantises en
Surface Water
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Map B-4 Prioritization of impacts of incremental solid waste quantities on surface water
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Table B-5: Calculation of incremental quantity and destination of generated health
care waste by refugees (by end 2014)

e Number of referrals to hospitals provided by UNHCR partners by end of 2013 = 41,168 referrals

e Forecasted number of referrals to hospitals provided by UNHCR partners by end of 2014= 84,394 referrals
e Primary health care consultation visits in 2013 = 178,489 persons

e Forecasted primary health care consultation visits by end of 2014 = 365,468 persons

e Infectious waste generation rate for hospitals= 1.5 kg/bed/day

e Infectious waste generation rate for primary health care = 0.08 kg/visitor

. Infectious waste
Infectious waste

L. generation in Total infectious Total non-infectious
Mohafaza generation in .
. Primary Health care waste (Kg/yr) waste (kg/yr)
Hospitals (kg/yr)

(Kg/yr)
BML 97,178 7,266 104,445 417,779
North Lebanon 99,008 7,403 106,411 425,646
Bekaa 144,921 10,836 155,757 623,028
South Lebanon 49,903 3,731 53,635 214,539
TOTAL 391,011 29,237 420,248 1,680,992
| | . .
ncrgmenta quantity managed by service 79 20% 303,419
providers (kg/yr)
Incremental quantity not properly man-

27.80% 116,829

aged (kg/yr)



Table B-6: Additional bins and trucks needed

Mohafaza

Beirut

Mount Lebanon

North Lebanon

Bekaa

Caza

Beirut

El Matn

Baabda

Kesrewan

Chouf

Aaley

Jbeil

Akkar

Tripoli

El Minieh - Dennieh

El Koura

El Batroun

Zgharta

Bcharre

Baalbeck

West Bekaa

Rachaya

El Hermel

Generation Rate
(kg/p/d)

0.53

0.53

0.53

0.53

0.53

0.53

0.50

0.43

0.51

0.43

0.50

0.50

0.50

0.50

0.47

0.43

0.43

0.50

0.50

Total refugees

63,164

109,191

183,265

25,978

105,848

112,445

8,377

163,332

107,268

90,578

23,877

24,492

19,095

3,642

263,705

179,213

92,523

16,568

8,902

Incremental daily
quantity (t/d)

33

58

97

14

56

59

70

54

39

12

12

10

124

76

39
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Incremental daily
volume (m3/d)

95

165

277

39

160

170

12

199

155

110

34

35

27

355

218

113

24

13



Additional bins needed

240 liter bins
(60%)

281

485

814

116

471

500

36

2,048

456

1,136

353

362

282

54

2,087

2,247

1,160

245

132

1100 liter bins
(40%)

41

71

119

69

73

298

67

166

52

53

41

304

327

169

36

20

Cost ()

30,450

52,650

88,300

12,600

51,150

54,200

4,200

221,600

49,600

123,200

38,450

39,300

30,500

5,900

225,950

243,150

125,600

26,650

14,600

Additional Trucks needed

Pick up trucks
(5m)

33

34

36

19

Compactor trucks

10

Cost ($)

300,000

450,000

750,000

150,000

450,000

450,000

75,000

1,680,000

450,000

965,000

360,000

360,000

250,000

110,000

1,790,000

1,860,000

965,000

215,000

180,000



Table B-6: Additional bins and trucks needed (continued)

Mohafaza Caza

Sour

Saida

Marjayoun

South Lebanon Jezzine

El Nabatiyeh

Hasbaya

Bent Jbeil

TOTAL

Collection by caza
Red: collection once per day

Collection every two days
Green: Collection twice per week

Bins distribution
60 % of the bins are 240 liters

40 % of the bi ns are 1,100 liters

Trucks
70 % of trucks are pick ups

Generation Rate
(kg/p/d)

0.50

0.50

0.50

0.50

0.50

0.50

0.50

Total refugees

62,046

92,642

11,589

4,074

43,129

7,551

12,509

1,835,000

30 % of trucks are compactor trucks (except for BML and Tripoli)

Incremental daily
quantity (t/d)

31

46

22

889
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Incremental daily
volume (m3/d)

89

133

17

62

11

18

2,541

Rounding



Additional bins needed

240 liter bins
(60%)

916

1,367

171

61

637

112

185

16,714

16,800

1100 liter bins
(40%)

134

199

25

93

27

2,441

2,500

Cost ($)

99,400

147,950

18,550

6,650

69,050

12,400

20,050

1,812,100

1,840,000

Additional Trucks needed

Pick up trucks
(5 m)

15

22

11

223

225

Compactor trucks

96

100

Cost (%)

825,000

1,145,000

180,000

110,000

610,000

145,000

180,000

15,005,000

15,375,000



ANNEX C. COMPLEMENTARY INFORMATION TO THE WATER AND
WASTEWATER SECTORS

Box C-1. Methodology for estimating water demand and wastewater generation rate
from Syrian refugees in Lebanon

Data from Solidarités International (January 2014) in the North shows water consumption per type of
shelter as per the below graph (figure 7). The same reference mentions that: “with regard to water avail-
ability in the North, Syrian refugees are consuming on average 145 litres per person per day” (L/person/
day) (UNHCR, 2014).

- 15 Ly i 1% 350 s 35 fd
Refugees water consuption ';\::termnsuptlun per type of shelter <15 Lipers/day <xc3s Upers/day 235 Lfpersiday

i = <1% L/pers/day B0%

L%
0%
13% 15cxc35
Lfpersday 20%
7%
5
‘ = =35 Lfpera/day Unifinkshed Fouse Tent Public buildings, €5 Apartment/house Garage/Shop
& Wipricite ard others

In this context, according to Figure 7 of the WASH chapter, a weighted average for water consumption
per type of shelter is calculated (based on the percentages set) using the following assumptions:

e For the quantity of water below 15 litres, it is assumed to be 15 litres

e For the quantity of water between 15 and 35 litres, it is assumed to be 35 litres

e For the quantity of water above 35 litres, 2 scenarios were used as follows:

o As a higher estimate, the average water consumption per person per day was assumed to
be 145 litres.

o As a lower estimate, the average water consumption per person per day was assumed to
be 85 litres (half a Lebanese person’s water consumption).

o After calculating weighted average water consumption per type of shelter, a national weighted
average was calculated taking into account the percentage distribution of refugees according to
shelters (57% in apartments, 15% in informal settlements and 28% in substandard buildings
and collective shelters).
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Average quantity of water Average quantity of water

Type of shelter consumed using the higher consumed using the lower
estimate (litre/person/day) estimate (litre/person/day)
Unfinished house & worksite 62.3 42.5
Tent 116.8 70
public buildi .
ublic buildings, collective shelters 1216 29 4
and others
Apartment/house 102.9 63.9
Garage shop 117.6 70.8
Average taking distribution of Toass eAlDEE

refugees per type of shelter

Concerning wastewater generation rates, wastewater generated is assumed at 80% of water con-
sumed and for pollution load, “BOD, load is based on 60 grams per capita per day BOD, emission”.

Figure C-1. Supply/demand planning in Lebanon for a moderate dry year in MCM for
2011-2035 (MOEW 2010)
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ANNEX D. COMPLEMENTARY INFORMATION TO AIR QUALITY

Detailed methodology of the air quality sector

The incremental emissions due to Syrian conflict were determined using a conservative approach, and compared to
the base year of 2010 using the gridded emissions inventory numbers provided by Waked et al. (2012). The relative
increment reflects the increase in the concentration of each pollutant in the geographical area of interest, if neither
chemistry nor advection between regions is taken into account.

GHGs, namely CO,, CH,, N,O, etc. were also emitted from the different sectors, but were not addressed in this as-
sessment as they do not have short term effects on health, hence were not presented in this report.

An in-depth impact of the Syrian conflict on the emissions of GHGs is recommended, along with the assessment of
adaptation and vulnerability to climate change.

Emissions calculation methodology
Emissions will be estimated according to the following equation (USEPA, 1995):
E=AXEF
where E represents the emissions, A the activity rate, and EF the emission factor per sector per pollutant.

Emissions calculation protocols recognize that the quality of data used to report emissions varies. Each protocol has
developed quality levels or “tiers” that classify the quality of data. Three tiers generally exist: Tier 1, Tier 2, and Tier
3 with Tier 1 being the least accurate.

The emissions calculation was based on the European methodology of EMEP/EEA guidebook 2013 where sector
methodology is available (EMEP/EEA, 2013). In the case of absence of some sectors calculation methodology, USEPA
methodology, namely AP-42 (USEPA, 1995), was used or any other published scientific methodology as a last resort.
This also applies on emission factors. On the other hand, activity rate data was collected from different sources, e.g.
UNHCR, World Bank, field visits, etc.

Targeted sectors

The targeted sectors were chosen after a thorough study of the proposed emission sectors in the EMEP/EEA (2013)
guidebook; site visits of informal settlements, a meeting with UNHCR, and literature review. These sectors included:
transport, industrial, energy production, commercial, residential, and construction sectors; as well as the agriculture
sector, and waste. Impacted sectors by the refugees’ displacement were determined. Consequently, the current as-
sessment has focused on evaluating the impacts of the following sectors on air quality: electricity production, resi-
dential heating, solid waste, and road transport.

Electricity production: For many years, the electricity provided by the GOL has been unable to satisfy basic demand
for homes, offices and national businesses. The electricity demand due to the Syrian crisis is met through diesel gen-
eration since the Lebanese electricity system was unable to meet existing demand. At peak hours, EDL has currently
2,019 MW available against a demand of 3,195 MW. Throughout the years 2010, 2011,2012,and 2013, daily aver-
age power cuts were 5.57 hours, 6.83 hours, 10.17 hours, and 8.11 hours per day; respectively. The daily average
power cut per Governorate from 2010 to 2013 is presented in Figure D-1 (from Personal communication with Mr.
Karim Osseiran and Mr. Iskandar Kfoury, on June 5, 2014).
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Fig. D-1. Daily average of power cuts in Lebanon from 2010 to 2013
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Based on the baseline scenario, the ESIA determined a supplemental demand of 251 MW due to the Syrian influx,
which is to be met through diesel generators (World Bank, 2013). Based on the temporal profile of daily power
cuts per Governorate averaged over 2010-2013, and using available data for daily power cuts per Governorate from
January to May 2014 (MOEW, 2014), a scaled temporal profile was determined. The electricity demand of 251 MW
was therefore distributed per Governorate proportionally to the power cuts (Table D-1). In each Governorate, the
generators emissions spatial allocation corresponded to the number of Syrian refugees per village.

Table D-1. Spatial allocation of electricity demand

Governorate Mt. Lebanon Beirut South North Bekaa

Power demand (MW) 58.05 20.88 41.74 65.35 64.98

The emissions calculation was based on:
e The activity rate which will be the power demand per village in GJ,
¢ The Tier 2 emission factors for the different pollutants which are presented in Table D-2 (EMEP/EEA, 2013).

Table D-2. Emission factors for the private generators

Pollutant co NOx SO PM10 PM2.5

2

Emission factor (g/GJ) 130 942 46.5 22.4 21.7

On the national level, the incremental emissions due to the 251 MW demand is determined to be 2,058 tons, 14,912
tons, 736 tons, 355 tons, and 344 tons for CO, NOx, SO,, PM10, and PM2.5, respectively. The relative increment
emissions spatial distribution is presented in Map D-1. The figure showed that Beirut, Tripoli, Zahle, Saida and Arsal
produced the most emissions.
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Map D-1. Relative spatial distribution of the emitted quantities per pollutant for electricity generation
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Residential heating: Many of the refugees live in accommodations that are not well insulated. During winter, tem-
perature drops to very low values in mid-altitude villages and above. An Inter-Agency winterization programme was
launched providing diesel stoves, vouchers and cash for heating fuel.

The vouchers and cash for heating fuel were distributed during 2013-2014 winter to refugees who live above 500
meters of altitude spatially allocated on the Governorates. The beneficiaries of the vouchers are spatially distributed
as in Table D-3 (UNHCR, 2014).

Table D-3. Spatial distribution of the fuel vouchers

Geographic location Num. of vouchers Amount in USD
Arsal 8,000 500
Wadi Khaled 8,000 500
Mount Lebanon 2,200 200
Bekaa 12,670 200
North 5,070 200
South 1,100 200

Moreover, cash for heating fuel was provided to around 89,000 families, along with an amount of 100 USD per
month from November 2013 to March 2014 (i.e. one to five months depending on when the family arrived to the
country) (UNHCR, 2014). A default amount of 250 USD per family was considered.

In addition to that, other international organizations reported distributing fuel vouchers to around 1,000 families
(UNHCR, 2014).

Considering the average price of diesel fuel during the period of November 2013 and March 2014 of 26,586L1/20
litres, the distributed vouchers and cash for heating fuel is equivalent to 39.5 million liters of diesel fuel. Since the
2013-2014 winter was not as cold as usual, the assistance provided as heating fuel was not entirely used; and a factor
of 0.75 was applied. In addition, the total number of refugees by end of the year 2013 was 858,641 (UNHCR, 2014).
A factor of 1.7 was applied to the activity data in order to meet the number of refugees by end of 2014. The spatial
distribution of households and refugees is considered identical to that of May 31, 2014.

The diesel stove emission factors from EMEP (EMEP/EEA, 2013) were used; and are grouped in Table D-4 with a net
calorific value of 43.33 GJ per ton of diesel and a density of 0.745 kg per liter.

Table D-4. Emission factors for diesel stoves (EMEP/EEA, 2013)

Pollutant co NOx SO PM10 PM2.5

2

Emission factor (g/GJ) 11 34 60 2.2 2.2

The residential heating will result in 180.60 tons, 55.32 tons, 97.62 tons, 3.58 tons, and 3.58 tons emitted into the
atmosphere for CO, NOx, SO,, PM10, and PM2.5 respectively; for a yearly activity equivalent to that by end of 2014.
The relative spatial distribution of the emitted quantities is presented in Map D-2.
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Map D-2. Relative spatial distribution of the emitted quantities per pollutant for residential heating
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SWM practices: Waste generation in Lebanon increased with the Syrian influx. The incremental quantity per day is 889
tons per day, of which 459 t/d going to open dumps, 290 t/d are burned, and 169 t/d are deposited in the open dumps
(Ref. to Chap. 2 of the report). Open burning is occurring in 389 sites while disposal only in open dumps is occurring in
115 sites (Ref. to Chap. 2 of the report). Open burning and open dumping are sometimes occurring at the same site.
According to arcenciel, only 38 percent of the MSW in Lebanon is combustible (personal communication with Dr.
Dominique Salameh, June 15, 2014). This figure was adopted for the composition of waste generated by Syrian
refugees since no specific data was available. The emission factors used for open burning are presented in Table D-5
(USEPA, 1995, UNEP/Stockholm Convention, 2013).

Table D-5. Emission factors for MSW open burning (USEPA, 1995, UNEP/Stockholm
Convention, 2013)

EF (g/ton entire refuse weight) EF (g/ton actually burned)
co NOx SO, PM10 PM2.5 PCDD/F
38,505 2,718 453 17,214 15,764 0.0003

On a national level, open burning will result in 4,070 t/yr,287.29 t/yr, 47.88 t/yr, 691.42 t/yr, 633.20 t/yr, and 12.05
g/yr TEQ, of CO, NOx, SO,,PM10, PM2.5, and PCDD/F. The relative spatial distribution of the emitted quantities is
presented in Map D-3.

The emission factors used for open dumping are presented in Table D-6 (EMEP/EEA, 2013).

Table D-6. Emission factors for open dumping

Pollutant PM10 PM2.5

Emission factor (g/t) 0.219 0.033

Open dumping of this incremental quantity of waste will result in 0.014t/yr for PM10, and 0.0024 t/yr for PM2.5.The
relative spatial distribution of the emitted quantities is presented in Map D-4.

Transport: The road network condition in Lebanon is considered to be fair to poor with very dense traffic in the
Greater Beirut Area (GBA). A detailed description of the Tier 3 EMEP methodology, which is adopted for the calcula-
tion of emissions for on-road transport, along with the appropriate emission factors can be found in Waked and Afif
(2012) and Waked et al. (2012).

For the calculation of the incremental emissions of on-road transport from the Syrian refugees’ displacement, several
assumptions, based on the World Bank Economic and Social Impact Assessment (2013), were used in this exercise:
e Traffic volume has increased by 15 percent in Greater Beirut Area.
* Average vehicle speed has decreased by 20 percent.
e Transit trucks volume has decreased by 65 percent.
e Main cities traffic volume has increased by 50, 20, and 10 percent respectively, depending on the number of
Syrian refugees in these cities.
In addition to that, a five percent increase in traffic volume was considered for major roads.

The activity data showed an increase in emissions of 95,067 tons/yr, 7,518 tons/yr, 1,709 tons/yr, 349 tons/yr, and
269 tons/yr of CO, NOx, SO,, PM10, and PM2.5 respectively.
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Map D-3. Relative spatial distribution of the emitted quantities per pollutant for open burning
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ANNEX E. COMPLEMENTARY INFORMATION TO LAND USE AND ECOSYSTEMS

Table E-1. National Land Use Master Plan zones and servitudes
Based on Decree No. 2366 dated 20 June 2009

Part A of Decree 2366 dated 20/6/2009

General
exploitation
factor

Buildings
Height

Buildings
Setbacks

Urban expan-
sion and its
location in
respect to
the current
urbanized
areas

Land
sorting for
construction

Lebanon Environmental Assessment of the Syrian Conflict & Priority Interventions | September 2014

Urban

Medium to
high

Medium to
high

According to
local guide-
lines

No specific
additional
conditions

Possible

Rural

Medium

Medium inside
the residential
areas

Low outside
the residential
areas

10 meters from
rivers border

Preferably near
the urbanized

village, unsuit-
able far from it

Possible near
the urbanized
village

A
Agricultural

Medium inside
the residential
areas

Low outside the
residential areas

Low to medium
inside the resi-
dential areas
Very low outside
the residential
areas

10 meters from
rivers border

Preferably near
the urbanized

village, unsuit-
able far from it

Preferably near
the urbanized
village

N1
Natural/Peaks

Very low
except for
general techni-
cal facilities
and military
facilities

Very low

No specific
additional
conditions

No specific
additional con-
ditions

Not possible
except for
general techni-
cal facilities
and military
facilities

N2
Natural/
Cedars

Very low except
for ski resorts

Low in the
residential areas
Very low outside
the residential
areas

According to a
carrying
capacity plan for
ski resorts

20 meters from
forests border
according to
village Master
Plan recommen-
dations

Preferably near
the urbanized

village, unsuitable

far from it

Preferably near
the urbanized

village, unsuitable

far from it

N3
Natural/
Corridor

Medium inside
the residential
areas

Low outside the
residential areas
Very low in
forests and on
slopes of 30%

Medium inside
the residential
areas

Low outside the
residential areas

10 meters from
rivers border
during winter

Preferably near
the urbanized

village, unsuit-
able far from it

Preferably near
the urbanized
village, unsuit-
able far from it
except for tour-
istic resort after
the submission
of EIA and land-
scape study



General

Preferably near

Possible for ski
resorts after the

Possible for
touristic resort

View area of
natural sites

Very low, except inside the

500 Radius around
classified sites

e Nil outside the residential
areas
e Very low for zones

Large Scale after the sub-
'g Possible Possible the urbanized Not Possible submission of EIA .
Projects ) mission of EIA
village and landscape
and landscape
study
study
Forbidden in Possible after the Forbidden in
the forests submission of forests. Possible
Possible on a EIA and at a distance
Quarrying Not possible distance above re-vegetation Not possible Not possible above 500m
500m from riv-  study for the from urbanized
ers border cover of the areas and from
quarry site shore border
Possible for Possible for
industri mineral waters ,
NAUSTIES Possible for l.. . " ) Possible for
] of 1st, 2nd, , ) facilities, for vital ,
Industries industries of 3rd, , . industries of 3rd,
3rd class cooperative facili-
and ) 4th, 5th class, ) ) 4th, 5th class,
. . after the Possible , Not possible ties such as petrol .
industrial . must abide by , must abide by
i submission , stations after the )
facilities environmental . environmental
of EIA and . submission of EIA .
guidelines guidelines
landscape and landscape
study study
Part B of Decree 2366 dated 20/6/2009
P S1 S2

500 Radius around
special natural sites

¢ Nil outside the residential
areas
e Very low for zones classi-

exploitation factor residential areas classified A, N, R fied A, N, R
e Designated as per terms of e Designated as per terms of
zone U zone U
¢ Low to medium in the
residential areas Low for zones classified A, N, Very low for zones classified
Buildings Height e Very low outside the R and in a distance selected A, N, R and in a distance se-
residential areas as per terms of zone U lected as per terms of zone U
_— . L 50 meters from site’s border 50 meters from site’s border
Buildings Setbacks According to local guidelines

except for zone U

except for zone U



Urban expansion and its
location in respect to the
current urbanized areas

Land sorting for
construction

Large Scale Projects

Quarrying

Industries and industrial
facilities

P
View area of
natural sites

Preferably near the urbanized
village.

Possible following the
submission of Project’s
landscape study and its
impact on the general view.

Possible following the
submission of Project’s
landscape study and its
impact on the general view.

Not possible.

Possible following the
submission of Project’s
landscape study and its
impact on the general view.

Part C of Decree 2366 dated 20/6/2009

General
exploitation factor

Buildings Height

Buildings Setbacks

F*
Prone to flooding

Very low to take into
account existing conditions.

Low taking into account
existing conditions.

80% of the plot area remain
natural (gardens without
tiling) taking into account
existing conditions.

S1
500 Radius around
classified sites

No specific additional
conditions.

Possible following the sub-
mission of Project’s EIA study
and its impact on the site.

Possible following the sub-
mission of Project’s EIA study
and its impact on the site.

Not possible.

Not possible on 50 m radius
from the site.

G**
Prone to landslides and
rock fall-down

e Very low

e nil or close to nil on slopes
above 10% (natural land
before settlement) taking
into account existing
conditions.

e Construction forbidden in
zone N1.

e | ow taking into account
existing conditions.

80% of the plot area remain
natural taking into account
existing conditions.

S2
500 Radius around
special natural sites

No specific additional
conditions.

Possible following the sub-
mission of Project’s EIA study
and its impact on the site.

Possible following the sub-
mission of Project’s EIA study
and its impact on the site.

Not possible.

Not possible on 50 m radius
from the site.

W
Prone to underground
water pollution

In case of no existing
wastewater network,
medium in zones U and R,
low in zones A and N3, very
low in N2 zone, non-existent
in N1 zone.

No specific additional
conditions.

No specific additional
conditions.
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Urban expansion and its
location in respect to the
current urbanized areas

Land sorting for
construction

Large Scale Projects

Quarrying

Industries and industrial
facilities

Public facilities

F*
Prone to flooding

Imposed along residential
areas taking into account
existing conditions.

Possible with a study that
proves there are no threats
and no double threats in the
neighborhood.

Possible if a study proves
the safety of the Building
occupants.

Possible with a study that
proves there are no threats
and no double threats in the
neighborhood during and
after investment.

Possible for industries that do
not generate solid or liquid
waste that contain poisonous
or toxic components that

will possibly leak into the
underground in case of
floods.

Possible if a study proves
the safety of the Building
occupants.

G**
Prone to landslides and
rock fall-down

No specific additional condi-
tions.

Possible along residential ar-

eas with a study that proves

there are no risks, no threats
and non-double threat in the
neighborhood.

Possible with a study that
proves there are no threats
and no double threats in the
neighborhood during and
after investment.

Possible with a study that
proves there are no threats
and no double threats in the
neighborhood during and
after investment.

Possible with a study that
proves there are no threats
and no double threats in the
neighborhood during and
after investment.

Possible if a study proves
the safety of the Building
occupants.

w
Prone to underground
water pollution

No specific additional
conditions.

Possible if existing
wastewater network. If not,
a wastewater network and a
wastewater treatment plant
must be totally implemented
before any execution of road
networks and construction
activities.

Possible if existing
wastewater network. If not,
a wastewater network and a
wastewater treatment plant
must be totally implemented
before any execution of road
networks and construction
activities.

Possible with a study that
proves the absence of any
possibility of destabilizing
the rock formation in the
ground that would change
groundwater streams or
impact springs.

If no wastewater network
prevention of industries
that could contaminate
groundwater.

Possible if total
implementation of
procedures to treat
wastewater.






CONTRIBUTORS TO ASSESSMENT REPORT

LIST OF CONTRIBUTORS TO THE REPORT (IN ALPHABETICAL ORDER)

GOVERNMENTAL INSTITUTIONS

Bekaa Water Establishment: Maroun Moussallem
Council for Development and Reconstruction:
Assem Fidawi, Elie Helou, Maher Baker, Nabil Itani, Wafa
Charafeddine

Economic and Social Fund for Development -
Lebanon: Racha Merhebi

Litani River Authority: Nabil Amacha

Ministry of Agriculture: Nabil Bou Ghanem
Ministry of Energy and Water: Iskandar Kfoury,
Karim Osseiran

Ministry of Environment: Ghassan Sayah,

Youssef Doughan

Ministry of Interior and Municipalities: Pierre Salem
Ministry of Social Affairs: Hala El Helou,

Khaled Othman

Office of the Minister of State for

Administrative Reform: Mohamad Baraki
Presidency of the Council of Ministers:

Lamia Chamas

LOCAL ADMINISTRATIONS

Municipality of Akroum: Mohamad El Adra
Municipality of Bar Elias: Saadeddine Ibrahim Mita
Municipality of Bebnine: Kifah Al-Kassar
Municipality of Majdal Anjar: Sami Ibrahim Al Ajami
Municipality of Tyre: Hassan Dbouk

Municipality of Wadi Khaled: Faeq Shehadeh

Union of Municipalities of Baalbeck: Hussein Awada
Union of Municipalities of Middle and Sahel

Al Qaytaa: Ahmad El Mir

Union of Municipalities of Ostwan: Abdallah
Mohammad, Ibrahim Al Rifai

Union of Municipalities of Sahel: Ali Taha

Union of Municipalities of Tyre: Mourtada Mhanna
Urban Community of Al Fayhaa: Dima Homsi

INTERNATIONAL AGENCIES

European Union Delegation to Lebanon (EU):

Nicolas Ritzenthaler

Food and Agriculture Organization (FAO):

Bruno Minjauw, Elie Choueiri, Jean Stephan, Marie Louise
Hayek, Solange Matta

United Nations Children’s Fund (UNICEF):

Joumana Nasser, Talal Tabikh

United Nations Development Programme (UNDP),
North & Bekaa Hubs: Abdallah Muhieddine, George Akl,
Mouna Ramadan, Nada Sweidan, Raghed Assi

United Nations High Commissioner for Refugees (UN-
HCRY): Chadi Ghajar, Frederic Cussigh,

Jad Ghosn, Lynne Miller, Malcolm Johnstone,

Peter Okullo, Stephen Njoroge

United Nations Human Settlements Programme (UN-
HABITAT): Tarek Osseiran

United Nations Inter Agency team: Anne-Marie Kerri-
gan-Deriche, Mohammad Mukalled,

Ross Tomlinson, Vincent Dupin

World Bank (WB): Hussam Beides, Sateh Arnaout
World Food Programme (WFP): Ekram El Huni, Julia
Hug, Naison Chakatsva

NON-GOVERNMENTAL ORGANIZATIONS

Arcenciel: Dominique Salameh, Myriam Mourad
Mercy Corps: Sarah Kouzi, George Antoun
Social Humanitarian Economical Intervention
for Local Development (SHIELD): Samer Haydar

PRIVATE SECTOR

ECODIT: Rita Stephan

LACECO International: Nisrine Hojeiri
Lebanese American University (LAU):
Charbel Mansour

MORES: Rami Nassif

Independent Land Use and Policy Expert:
Raghda Jaber

Syndicate of Hospitals in Lebanon:

Rita Rahbani Saad



Ministry of Environment
Lazarieh Center, Downtown Beirut
Block 02A-02B-3, Floor 7 and 8
P.O.Box: 11-2727. Beirut, Lebanon
Tel: + 961 1 976 555

Fax: + 961 1 976 535

Website: www.moe.gov.lb

For comments on this report: EASC@moe.gov.lb



