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1. MITIGATION MEASURES FOR THE ENERGY SECTOR
1.1. ELECTRICITY
1.1.1. Background
Electricity in Lebanon is supplied through Electricité du Liban (EDL) that is responsible for the generation,
transmission, and distribution of electrical energy in Lebanon (EDL, no date). The sector has faced many
challenges and difficulties, mainly the inability of meeting demand over the last few decades, as well
as a considerable deficit necessitating continuous government transfers.
Indeed, total production by existing power plants does not meet actual demand: the peak electric
load in Lebanon climbed from 1,510 MW in 1998 to 1,936 MW in 2004 (OAPEC, 2005). Average demand
in 2009 was 2,000-2,100 MW, with an instantaneous peak of 2,450 MW in summer (MoEW, 2010).
Consumption reached 10,249 GWh in 2004 (OAPEC, 2005). Taking into account self-generation, the
peak load and consumption in 2004 are estimated at 2,575 MW and13, 841 GWh respectively (World
Bank, 2008).
As for generation, electricity is produced through 7 power plants of which 6 are owned by EDL and one
is owned indirectly by the Establishment (the Hreysheh Concession); and five hydroelectric power
plants. According to the Policy paper for the electricity sector, thermal power plants’ installed capacity
is about 2,038 MW and available capacity amounts to1,685 MW of installed capacity (MoEW, 2010). This
capacity is generated using fuel oil in all thermal power plants. Only recently (in October 2009) did
natural gas reach the Deir Aamar power plant in the North equipped with Combined Cycle Gas
Turbine (CCGT) technology, such that around 217 MW are now produced using natural gas. Since
power plants mainly operate on fuel oil and given the increase in oil prices during the last decade,
coupled with other constraints, EDL has been in a state of drastically increasing deficit for decades. This
has necessitated government transfers to EDL to reachLBP 2,430 billion (USD 1.6 billion) in 2008, which
translates roughly to USD 400 per person per year. If total expenditures are taken into account, transfers
to EDL constitute the third largest public expenditure item, after interest payments and personnel cost
(MoF, 2010).
Hydropower plants’ installed capacity currently amounts to 274 MW, while available capacity amounts
to190 MW; accounting for 4.5% of total power production in 2009 (MoEW, 2010) without taking into
consideration self-generation (3.4% if self-generation is accounted for).
Electricity demand met by EDL grew from 7,839 GWh in 2000 to 10,124 GWh in 2005 based on EDL’s
official annual statistics (Figure 1-1).
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Figure 1-1

Electricity generation from 2000 to 2006

Source: EDL Official Annual Statistics 2000 to 2006
In addition, technical losses are reported to be in the order of 15%, according to EDL (World Bank, 2008
and MoEW, 2010).
The inability of EDL to meet the existing demand creates a deficit that has led throughout the years to
the import of electricity from Syria and later from Egypt -as of Oct 2009, in addition to private selfgeneration in order to complement the existing supply and reduce suppressed demand.
According to EDL Official Annual Statistics, Lebanon imported up to 200 MW in 2006 from Syria; this
figure has increased as of 2009 due to imports from Egypt. Imports represented around 7.5% of the
electricity supplied by EDL in 2009, and this value which is closer to most years was adopted in this
chapter, since it was found to be more representative). If self-generation is accounted for, imports
represent around 5% of total generation.
As for self-generation, it accounts for around 33% of total demand. Self-generation also incurs an
additional 25% in spending on electricity per month (World Bank, 2008).

1.1.2. Baseline Scenario
This section presents an overview of the latest plan for the Electricity sector in Lebanon, and the
baseline scenario and associated emissions between 2004 (baseline year) and 2030.

1.1.2.1. Relevant Plans and Strategies
A number of plans and strategies for the Electricity sector have been formulated to date, as different
governments with different political inspirations and views have changed former plans. However, no
plan has been implemented, and the gap between demand and supply has kept increasing as a result
of the increasing demand, leading to an increase in rationing year after year. Following are the main
components of MoEW's latest policy paper for the Electricity sector released in June 2010, endorsed by
the Council of Ministers and which, if implemented with the necessary additional investments for
capacity expansion until 2030, will have very significant influence in keeping up with growing demand
(MoEW, 2010):
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Infrastructure
GENERATION
The generation policy targets a total installed capacity of 4,000 MW by 2014 and 5,000 MW thereafter
to meet a load of 2,500 MW (recorded in summer 2009), 500 MW of demand not currently supplied (i.e.,
self-generation), future demand corresponding to an annual load growth of 7%, and around 15% of
peak load reserve. This can be achieved through:
The possibility of renting 250 MW (barges, small generators or imports) between 2010 and 2013; the
values figuring in the plan and those adopted for the current analysis are shown in Table 1-1
below:
Table 1-1

ITEM

Additional rental capacity

Capacity (MW)

Values adopted for the
analysis (MW)

Barges

110-280

150

Import from Turkey

100-150

100

Rapid increase of the installed capacity by 600-700 MW using CCGT and/or Reciprocating Engines
starting end of 2010/ beginning of 2011 and over a period of 3 years. The values adopted in this
analysis were: 1) 400 MW additional capacity from CCGT to be operational as of 2013; and 2)
300 MW from reciprocating engines operating on diesel to be operational as of 2013.
Rehabilitating, maintaining, replacing, or upgrading existing plants to increase their overall capacity
by about 245 MW (Table 1-2).
Table 1-2
ITEM

Rehabilitate Zouk, Jieh
Upgrade Deir Ammar
Add CC to Tyre, Baalbeck

Rehabilitation and upgrading of existing thermal power plants
IMPLEMENTATION

CAPACITY

BUDGET (MILLION

(TENTATIVE)

(MW)

$)

From year

To year

ITEM

2011

2015

~100

180

2011

2013

75

108

2011

2012

70

130

This component was translated as an improvement of oil-fired power plant efficiency from 36.5% to 53%
in 2015.
Increasing installed capacity by 1,500 MW immediately and 1,000 MW after 2014 using the modality
of Independent Power Producer (IPP) in collaboration with the private sector. For the purpose of
the current analysis, it was assumed that the immediate 1,500 MW would be distributed as 1,000
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MW CCGT and 500 MW oil-fired to be operational in 2014. Then another 1,000 MW of CCGT
would be added and operational in 2020.
Increasing the share of hydraulic power production between 2012 and 2015 through maintenance,
rehabilitation and/or replacement of existing hydropower plants, and facilitating the
implementation of additional capacity on a BoT basis, with storage dams (no less than 120 MW
according to EdF draft Master Plan, to be added in the mid-term (40MW) and long term (80
MW)). In the current analysis, it was assumed that hydropower capacity would increase from 274
MW in 2004 to 310 MW in 2015 and 400 MW by 2020.
Introducing wind power via the private sector by building wind farms (60-100 MW) between 2011and
2013. In the current analysis, the introduction of 80 MW of wind power was adopted in 2015, with
an average growth rate of 8% per year (reaching 253.8 MW in 2030).
Encouraging the private sector to adopt the technologies of “waste to energy” for power generation
and investigate in geothermal energy in order to add a capacity of 15-25 MW between 2013
and 2014. In the current study, it was assumed that waste to energy was more feasible in the
short term, such that 20 MW would be introduced by 2015, with an average growth rate of 8%
per year (reaching 63.4 MW in 2030), which is in accordance with the capacity generation from
waste advocated in the solid waste mitigation chapter.
TRANSMISSION
The transmission policy will focus on removing bottlenecks, reducing transmission losses, completing a
control facility to ensure adequate connection between power plants and load centers together with
high reliability and stability at the lowest cost. This encompasses:
Completing the 220 kV loop in Mansourieh in 2010.
Completing the infrastructure at the 400 kV Ksara substation for the Arab interconnection.
Completing the Lebanese Electricity National Control Center (LENCC) in 2011.
Building regional substations, reinforcing the existing system to reduce technical losses and remove
bottlenecks, and expanding the transmission system to increase evacuation capacity in
accordance with the increase in generating capacity.
DISTRIBUTION
The distribution sector policy consists of implementing a transitional and realistic program with the
participation of the private sector based on the existing legal framework, and aiming at investing in
planning, constructing, operating and maintaining the distribution activities including metering, billing
and collection through modern and smart systems. The components are:
Improving the distribution services in 2010 and equalize respectively the supply and collection
between regions in order to reinforce collection and limit all types of theft and losses.
Implementing a transparent bidding process to subcontract the improvement of the quality of
distribution services (Upgrade/ rehabilitation of the distribution system) while adhering to
performance benchmarks that would lead to progressively higher revenues between 2011 and
2014.
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Developing simultaneously a center able to monitor automatic meter reading, perform remote
connection/ disconnection of supply and demand management functions and its reduction. The
implementation of this component would take place between 2012 and 2014.
Introducing new services and payment facilities for consumers, and adopt new tariff structures and
mechanisms (feed-in tariff, prepaid cards, net metering, etc.).
Envisaging the possibility of developing a Distribution Management Center (DMC) to be
implemented between 2012 and 2014.
Supply and Demand
FUEL SOURCING
The fuel sourcing policy is based on diversity and security where 2/3 of the fuel mix is based on natural
gas with multiple sources of supply; more than 12% of the fuel mix to be supplied by renewable energy
sources; and the remaining from other sources of fuel while selecting technologies that work on both
natural gas and fuel oil:
Studying and developing an infrastructure plan to supply and distribute natural gas based on the
land pipeline in Beddawi and LNG marine station(s), and interconnect them with the power
plants, thus providing a flexible and stable supply of natural gas.
Gradually converting/ building power plants on natural gas while diversifying the sources of supply
though contracts from Turkey, former Soviet republics, Russia, Syria, Egypt (with whom the gas
agreement needs to be finalized), Qatar, Algeria, etc., while emphasizing the potential of finding
natural gas in the territorial waters of Lebanon (a relevant draft law for extraction has been
prepared by the MoEW).
Completing a prefeasibility study and construct a Liquefied Natural Gas (LNG) marine terminal in
Selaata or Zahrani between 2011 and 2013.
Building a gas pipeline along the coast (onshore and sub-marine where necessary) to feed all power
plants from Beddawi to Tyre to reduce their operating costs. The project will be implanted
between 2011 and 2013.
RENEWABLE ENERGY
The main goal is to reinforce all public, private and individual initiatives to adopt the utilization of
renewable energies so as to reach 12% of electric and thermal supply, through:
Completing a wind atlas for Lebanon and launch IPP wind farms with the private sector (2010).
Starting a prefeasibility study on Photovoltaic (PV) farms.
Encouraging public and private sectors to adopt incineration technologies to produce electricity
from waste.
Encouraging all individual and private initiatives to produce hydropower, even micro-hydro.
DEMAND SIDE MANAGEMENT / ENERGY EFFICIENCY
The policy commits to the preparation and spreading of the culture for proper electricity use and the
adoption of national programs focused on demand side management in order to save a minimum of
5% of the total demand. This will promote effective energy use, peak shaving, load shifting and
demand growth control; the steps are:
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Adopting the Energy Conservation law, institutionalizing the Lebanese Center for Energy
Conservation (LCEC) and launching a national plan for energy conservation in 2010.
Widely spreading the use of Compact Fluorescent Lamp (CFL) starting 2010, with the aim of banning
energy guzzling devices in the future.
Increasing the penetration of Solar Water Heaters (SWH) and devising innovative financing schemes
in collaboration with the banking sector to achieve the slogan “A solar heater for each
household”.
Encouraging the use of energy saving public lighting.
Setting up the National Energy Efficiency and Renewable Energy Account (NEEREA) and developing
the ESCO (Energy Service Company) business dealing with energy audit applications, as a
national financing mechanism.
The implementation of LCEC/CFL/SWH/ public lighting projects would take place between 2010 and
2014.
TARIFFS
The policy will gradually restructure and increase the existing tariff to eliminate the financial deficit in
the electricity sector and establish a balanced budget for EDL on one hand, and reduce the financial
burden on citizens caused by the utilization of costly private generators on the other hand. This can be
achieved through:
Gradually increasing tariff in conjunction with improvements in the electric service provision until
reaching the goal of a sustainable 24-hour electric service, hence eliminating the need for
private generators and abolishing the financial deficit.
Adopting special tariffs and fees for low income consumers and productive sectors.
Implementing Time of Use (TOU) tariffs (e.g., night reduced) in conjunction with the implementation of
Automatic Meter Reading (AMR) schemes.
Legal Framework
NORMS AND STANDARDS
The objective of this policy consists of setting norms and standards for the provision of electric services
that are safe, equitable and fair with the best quality and lowest cost, through:
Resolving the problems with the current concessions through a fair and equitable compromise.
Developing rules and laws that promote the largest penetration of “Green Buildings (GB)” and
“Energy Efficiency (EE)” in collaboration with concerned institutions.
Comply and respect international norms and standards in the energy efficiency, environmental and
public safety domains.
This will be based on intelligent systems (SmartGrid) in order to position Lebanon to the highest regional
and international level in the electric arena.
CORPORATIZATION OF EDL
The success of this policy necessitates the “revitalization” of EDL because it is the core entity of the
sector. This entails providing the financial, administrative and human resource flexibility needed to cope
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with the rapid and vital changes. According to this plan, to achieve this goal corporatization is the
ideal solution, through:
Increasing the human resource capacity of EDL by direct and gradual hiring and by relying on the
private sector using outsourcing contacts for the various positions.
Updating the legal due diligence needed to corporatize EDL as per the three functions of
generation, transmission and distribution.
During the transition phase, MoEW will take measures to relieve EDL of certain responsibilities using
Service Providers, independent power production, Operation & Maintenance (O&M) contracts in
such a way that EDL will become responsible for overseeing, supervising and administering these
contracts in addition to the transmission and existing production.
LEGAL STATUS
This component covers:
Initiating the process of revising Law 462 with concerned parties, in order to:
Introduce the necessary amendments to Law 462 after correcting its deficiencies and contradictions;
Prepare and approve all the execution decrees of the amended law, including the development of
the regulatory, organizational and operational requirements; and
Complete the process with the associated recruitment and procurement procedures.
Beginning with the current legal status of EDL governed by Decree 4517 in order to avoid delays in
the execution of the strategy.
Adopting a Law for the new power plants with all possible technologies and encouraging all kinds of
Public Private Partnership to facilitate the transition and ensure proper continuity between
current and future legal status.

1.1.2.2. Projected Emissions
Since several plans have been formerly developed and endorsed without being effectively
implemented, and since the implementation of the plan developed in 2010 has not started as planned,
as a baseline scenario it is considered that the current trend will continue until 2030, specifically:
Demand exceeding generation;
Heavy reliance on self-generation that will continue to constitute around 33% of total demand; and
Oil and diesel as the main fuels in power plants and private generators (oil-fired power plants alone
will constitute 50% of total capacity).
Table 1-3 summarizes the data and assumptions used for the baseline scenario of the Electricity sector,
based on the studies cited in this chapter, the 2010 policy paper for the Electricity sector, and expert
judgment for variables that do not have documented values. These were entered into LEAP, and IPCC
Tier 1 emission factors were used in the calculation of relevant emissions. It should be noted that the
emission factor used for electricity generation from diesel in LEAP is the same as for oil according to
these emission factors. Thus, oil-fired power plants and diesel generators were assumed to have the
same emission factors, even though this assumption leads to differences in total emissions when
compared to the GHG inventory results.
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Moreover, the value of 500 MW reported for self-generation in the Policy Paper for the Electricity sector
was found to be too low compared to the 33% estimate provided by the World Bank (2008), and so
was inflated to 1,000 MW for this analysis.
As for the dispatch of power plants, it was set to be by process share for all technologies except
hydropower, solar, wind, and waste-to-energy technologies for which it was set in proportion to
available capacity.

Table 1-3

Data and assumptions used in the development of the baseline scenario
EXOGENOUS CAPACITY (MW)

EFFICIENCY (%)

AVAILABILITY (%)

2030

2004

2030

3,500

36.5

40

0

35

35

518

48

48

274

100

100

0

100

100

0.5

15

15

0

90

90

392

100

100

2,310

35

35

6,994.5

-

-

2004
2,038
0
0
274
0
0.5
0
200
1,000
3,512.5

The breakdown of the total installed capacity of power plants in Lebanon under the baseline scenario
is illustrated in Figure 1-2.
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Figure 1-2

Breakdown of total installed capacity under the Baseline scenario

Based on the values in Table 1-3, GHG emissions for the year 2004 amount to around 7,261 Gg of CO2
equivalents, which is lower than the value obtained in the GHG inventory (5,685 + 3,738 = 9,423 Gg CO2
equivalents from energy industries as well as manufacturing industries and construction which account
for self-generation, as per Section … on the GHG inventory). The difference can be attributed to several
factors, including:
Differences in the approach used for calculating GHG emissions (based on fuel consumption in the
inventory versus power plant technology and capacity in LEAP);
Differences in the efficiencies of power generation, especially for self-generation, that were
considered as a lump sum in the inventory calculations, in contrast to specific process
efficiencies in LEAP;
Differences in emission and conversion factors; for instance, LEAP uses the same emission factor for
diesel and oil processes, in contrast to the GHG inventory.
As for projected emissions between 2004 and 2030, they are expected to reach 32,569 Gg CO2
equivalents by 2030 under the baseline scenario, including self-generation (Figure 1-3); the emissions
from the electricity imports from neighboring countries are not reported as they do not account for
national emissions.
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Figure 1-3

GHG emissions from the Electricity sector under the baseline scenario

1.1.3. Mitigation Scenarios
1.1.3.1. Mitigation scenarios selected
Two mitigation scenarios were considered and analyzed for the Electricity sector, as presented below.
Mitigation scenario 1: Implementation of MoEW’s latest policy paper for the Electricity sector, in addition
to capacity expansion post-2015 to keep up with demand.
Since the implementation of the sector policy paper did not start as planned in summer 2010, like most
previous plans, the first scenario will be considered to consist of the implementation of this plan that
looks at the 2015 horizon, together with capacity expansion of power plants (around 3,500 MW
between 2015 and 2030 based on the 2/3 natural gas fuel mix, in addition to renewable energy) to
keep up with the increasing demand until 2030. The fraction of renewable energy technologies would
reach 11.4% by 2030, which is a conservative estimate.
The data and assumptions for this scenario are summarized in Table 1-4. It is worth noting that
availability figures do not change in the mitigation scenarios, and thus they were not included in Table
1-4 and Table 1-5.
Table 1-4.

Data and assumptions for Mitigation Scenario 1
Exogenous capacity (MW)

Oil

Efficiency (%)

2004:

2,038

2004:

2014:

2,538

2015: 53%

2030: 1,230

36.5%
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Diesel

NG

Hydro

Wind

Solar

MSW

Imports

SelfGeneration
Total in 2030:

Exogenous capacity (MW)

Efficiency (%)

2004: 0
2011: 150
2013: 450
2014: 300
2020 - 2030: 0

90

2004: 0
2009: 217.5
2013: 617.5
2014: 1617.5
2020: 2,617.5
2030: 4,690

48

2004: 274
2015: 310
2020 - 2030: 400

100

2004: 0
2015: 80
2030: 253.8
(8% growth as of 2016)

100

2004: 0.5
2015: 0.5;
2020: 50;
2030: 81.4
(5% growth between 2021 and 2030)

100

2004: 0
2015: 20
2030: 63.4
(8% growth as of 2016)

90

2004: 200
2011: 300
2030: 300

100

2004: 1,000
2015: 0; 2030: 0

35

7,019 MW
11.4%

% renewable
energy:

The breakdown of total installed capacity of power plants under Mitigation scenario 1 is illustrated in
Figure 1-4.

VULNERABILITY, ADAPTATION AND MITIGATION CHAPTERS OF LEBANON’S SECOND NATIONAL COMMUNICATION
MOE/UNDP
MITIGATION ASSESSMENT
ENERGY- ELECTRICTY

Figure 1-4.

Breakdown of total installed capacity under mitigation scenario 1

Mitigation scenario 2: Implementation of MoEW’s policy paper in addition to full gas switch, no imports
and an increase in the penetration rate of renewable energy technologies by 2030.
The second scenario considered consists of the implementation of the MoEW plan but with a full switch
of oil-fired power plants to natural gas by 2030, no electricity imports by 2030, and a higher penetration
rate of renewable energy technologies (17% as compared to 11.4%). The data and assumptions for this
scenario are summarized in Table 1-5. Efficiency values are the same for both mitigation scenarios, and
thus were not included in this table.
Table 1-5

Data and assumptions for Mitigation Scenario 2
Exogenous capacity (MW)

Oil

2004:

2038

2014:

2538

2030: 0

Diesel

2004:

0

2011:

150

2013:

450

2014:

300

2020: 0
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Exogenous capacity (MW)

NG

2004:

0

2009:

217.5

2013:

617.5

2014:

1617.5

2020:

2,617.5

2030: 5,850

Hydro

2004:

274

2015:

310

2020 2030: 600

Wind

2004:

0

2015:

80

2030:334.2
(10% growth as of 2016)

Solar

2004:

0.5

2015:

0.5

2020:

50

2030:

129.7

(10% growth between 2021 and 2030)

MSW

2004:

0

2015:

20

2020:

50

2030:

129.7

(10% growth as of 2021)

Imports

2004:

200

2011:

300

2030: 0

Self-

2004:

Generation

2015: 0; 2030: 0

Total in 2030:
%

renewable

1,000

7,044 MW
17%

energy:

The breakdown of total installed capacity of power plants under Mitigation scenario 2 is illustrated in
Figure 1-5.
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Figure 1-5

Breakdown of total installed capacity under mitigation scenario 2

1.1.3.2. Emissions reduction and costs of mitigation scenarios
Scenario 1
Figure 1-6 shows the cumulative reduction in GHG emissions from Scenario 1 that adds up to 177,912
Gg of CO2 equivalents between 2011 and 2030, or a 33% reduction from 2004, which is considerable.
The emissions reduction in 2030 is around 41.6%.
It should be noted that the emissions reduction is shown to start in 2004 in the figure, since when
entering new values and additions for the different technologies in specific years, the change is
averaged over the entire time period considered.
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Figure 1-6.

GHG emissions and avoided emissions under mitigation scenario 1

The cost of implementation of MoEW’s plan for the Electricity sector was estimated at around USD 4.87
billion, covering all aspects (generation, transmission and distribution, supply and demand, legal and
institutional, awareness). The cost of the additional investments to keep up with demand beyond 2015 is
around USD 3.27 billion, as shown in Table 1-6. The total cost of Scenario 1 is therefore around USD 8.14
billion. It is assumed that all CCGT capacity to be added will consist of new power plants rather than
conversion of oil-fired power plants, since the conversion in Lebanese power plants is either not feasible
or too costly, depending on the plant. These will therefore be retired rather than converted. The
resulting unit cost of emissions reduction from mitigation scenario 1 is USD 42.9/ tonne of CO2
equivalent.
Another assumption (and limitation) in the calculation of discounted costs is that the USD 4.87 billion
investment is made at once in 2011, and the USD 3.27 billion investment is made at once in 2016, as a
result of the difficulty of coming up with figures on gradual spending. The resulting discounted total
costs and unit costs were calculated on this basis at 10% and 15% discount rates, as shown in Table 1-7.
Table 1-6

TECHNOLOGY

Cost of installed capacity expansion needed in addition to MoEW’s plan- Scenario 1

Cost/MW (Million USD)

Capacity to be added beyond
MoEW’s plan (MW)

Total cost (USD)

CCGT

1

2,072

2 billion

Hydropower

5.8

90

522 million

Wind

1.95

173.8

339 million

Solar

4*

80.9

324 million
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Waste to energy

1.9

43.4
-

Total

82.5 million
2,460.1

3.27 BILLION

* Expert opinion. Cost figures for the other technologies are taken from MoEW, 2010.

Table 1-7. Discounted total cost and unit cost for Mitigation Scenario 1 at different discount rates
DISCOUNT RATE

DISCOUNTED TOTAL COST (USD)

DISCOUNT UNIT COST (USD/T CO2 EQ)

10%

6.94 billion

41.08

15%

6.53 billion

38.63

Scenario 2
Figure 1-7 shows the cumulative reduction in GHG emissions from the Scenario 2 that adds up to
204,768.3 Gg of CO2 equivalents between 2011 and 2030, or a 38% reduction from 2004, which is higher
than Scenario 1. Emissions reduction reaches 43.6% in 2030. As in Scenario 1, the emissions reduction is
shown to start in 2004 in the figure, since when entering new values and additions for the different
technologies in specific years, the change is averaged over the time period involved.

Figure 1-7

GHG emissions and avoided emissions under mitigation scenario 2

A comparison of Scenarios 1 and 2 reveals that scenario 2 reduces GHG emissions by 26,856 Gg more
than Scenario 1, or 7.5% more between 2004 and 2030 (Figure 1-8).
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Figure 1-8

Comparison of GHG emission reduction from Scenario 2 compared to Scenario 1

In addition to the cost of implementation of MoEW’s plan for the Electricity sector that was estimated at
around USD 4.87 billion (covering all aspects as mentioned in Scenario 1), the cost of the additional
investments to keep up with demand beyond 2015, ensure a full switch of oil-fired to CCGT, and
increase the percentage of electricity produced from renewable energy is around USD 6.12 billion, as
shown in Table 1-8. The total cost of Scenario 2 is therefore around USD 11.0 billion. As in Scenario 1, it is
assumed that all CCGT capacity to be added will consist of new power plants rather than conversion
of oil-fired power plants, since the conversion in Lebanese power plants is either not feasible or too
costly, depending on the plant.
The resulting unit cost of emission reduction from mitigation scenario 2 is USD 57.6/ tonne of CO2
equivalent, which is higher than Scenario 1 since a greater fraction of existing installed capacity (oilfired) has to be replaced by CCGT and renewable technologies.
As in Scenario 1, it was assumed that the USD 4.87 billion investment is made at once in 2011, and the
USD 6.12 billion investment is made at once in 2016, as a result of the difficulty of coming up with figures
on gradual spending. The resulting discounted total costs and unit costs were calculated on this basis at
10% and 15% discount rates, as shown in Table 1-9.
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Table 1-8.

Cost of installed capacity expansion needed in addition to MoEW’s plan- Scenario 2

TECHNOLOGY

COST/MW (MILLION

CAPACITY TO BE ADDED BEYOND

USD)

MOEW’S PLAN (MW)

TOTAL COST (USD)

CCGT

1

3,232.5

3.2 billion

Hydropower

5.8

290

1.7 billion

Wind

1.95

254.2

496 million

Solar

4*

129.2

517 million

Waste to energy

1.9

109.7

208 million

-

Total

4,015.6

6.12 BILLION

* Expert opinion. Cost figures for the other technologies are taken from MoEW, 2010.

Table 1-9. Discounted total cost and unit cost for Mitigation Scenario 2 at different discount rates

DISCOUNT RATE

Discounted total cost (USD)

Discount unit cost (USD/t CO2 eq)

10%

8.68 billion

44.59

15%

7.92 billion

40.69

It should be noted that these figures are not meant to be compared merely for scenario selection
purposes, and the two scenarios were mainly considered to illustrate the extent of emissions reduction
possible and associated costs. It is expected that the greater the shift to cleaner technologies, the
greater the cost, as in Scenario 2. The more funds can be secured, the greater the possible investment
to increase the proportion of clean fuels (natural gas and renewable) in power generation – as in
Scenario 2 – and thus reduce GHG emissions.

1.1.4. Mitigation Strategy
The mitigation strategy mainly consists of the elements elaborated in the Policy Paper for the Electricity
Sector (MoEW, 2010) as mentioned in (Section) covering:
Infrastructure: generation, transmission, distribution;
Supply and demand: fuel sourcing, renewable energy, demand side management, tariffs; and
The legal and institutional setting: norms and standards, corporatization of EDL, legal status.
The policy paper addresses the problem of the Electricity sector in a comprehensive, integrated way.
Thus, the main recommendation consists of implementing this plan over the timeframe mentioned.
Regarding the diversification of fuel supply and the proposed expansion of CCGT capacity to generate
most of the capacity needed, LNG can offer important relief in the medium to longer term by (Poten &
Partners, 2009):
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Significantly reducing generation cost, especially at the Zahrani CCGT power station by displacing
distillate oil;
Favoring the expansion of CCGT generation capacity in the South.
Even though a gas pipeline running along the coast between Baddawi (where gas is currently supplied
from Egypt through the Arab Gas Pipeline and Gasyle 1 pipeline) and Tyre was advocated in the
MoEW plan to feed all power plants falling along that coastal strip, a study conducted by Poten &
Partners (2009) states this would be expensive, in addition to the fact that gas volumes coming to
Baddawi would not suffice.
In the case of the Zahrani power plant, the lack of port infrastructure and the shallow water depth
constitute major constraints if any terminal construction is considered for securing gas to the power
plant. The optimal solution would therefore consist of taking advantage of the favorable market
conditions in the next few years through the implementation of a permanently moored offshore
Floating Storage and Regasification Unit (FSRU) with ship to ship LNG transfer, linked to the coast by a
subsea gas pipeline. An FSRU LNG solution at Zahrani would result in USD 75 – 80 million/ year total
saving, an internal rate of return (IRR) of more than 90%, and investment payback in one or two years.
Expanding Zahrani can be a good proposition in the longer term, given LNG’s comparable life cycle
generation costs to coal without the environmental drawbacks.
More than 80 million tonnes/year of new supply is projected to reach the market from projects under
construction. The MENA region stands out as the best source to supply Lebanon, especially Algeria,
Qatar, Yemen and Egypt that are experiences players in the LNG trade with available supply. In the
current surplus market conditions, Lebanon could secure long term prices of around USD 7/million BTU
(assuming oil prices of around USD 65/barrel). However, EDL might not qualify as a creditworthy LNG
buyer, such that suppliers might require additional government guarantee and potentially a World
Bank partial-risk guarantee.
A site-specific feasibility study to determine the feasibility of such a project is needed, followed by a
Front End Engineering and Design (FEED) study. Another important pre-requisite for such a project is the
finalization of a gas/LNG import law to clarify the regulatory and fiscal regimes governing the import
terminal and the various participants including EDL, terminal developer and LNG supplier. Finally, a long
term LNG supply procurement strategy needs to be developed and finalized (Poten & Partners, 2009).
Table 1-10 below presents the mitigation strategy for the Electricity sector, and Table 1-11 shows the
constraints associated with its implementation.
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Table 1-10
IMPACT

PROPOSED MITIGATION

MOE/UNDP
ENERGY- ELECTRICTY

Mitigation strategy for the Electricity sector
ACTIVITIES

RESPONSIBILITY

STRATEGY
Increase in energy

Increase efficiency and

demand

capacity of power
generation sector, and
reduce demand
(implementation of MoEW’s
plan)

Rehabilitation of old power
plants until new capacity is
added.
Installation of new
capacity
Diversification of power

EDL

ST

PRIORITY

INDICATIVE BUDGET

(ST/ MT/ LT)

(USD)
8 - 11 billion

MoEW
MT
MT

supply (2/3 natural gas,
renewable energy)
Reduction of technical

ST

losses in the distribution
network
Tariff adjustments
Implementing DSM
programs
Corporatization of EDL

MT
ST
MT
MT

Strengthening the legal
framework to promote the
implementation of MoEW’s
plan

MT

Establishing partnership
with the private sector

ST

Mandating the use of
catalytic converters for
generators with capacities
above 50 KVA
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Constraints to the implementation of the mitigation strategy

MITIGATION STRATEGY

Legal/ policy

ncrease efficiency and

Current tariff

Institutional

Weak institutional

CONSTRAINTS/ GAPS

Technical/environmental

Insufficient budget

None

Capacity and

Data/ Information

Awareness

Gaps

Insufficient studies on

pacity of power generation

schemes do not

structure of EDL and

available for implementing

bioenergy and wind

tor , and reduce demand

reflect global oil

lack of involvement

MoEW’s plan

energy generation

prices

of the private sector

mplementation of MoEW’s
plan)

Insufficient
incentives to
promote
renewable
energies

High cost of clean
technologies

potential and
feasibility – studies are
however on-going

Decrease in hydropower

and should address

generation potential due

these gaps

to expected reduction of
precipitation
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1.2. MANUFACTURING INDUSTRIES AND CONSTRUCTION
1.2.1. Background
The manufacturing industries and construction sector covers private self-generation of electricity which
accounts for around 33% of the total electricity generation. Total emissions from this sector reached
3,738 Gg of CO2-eq in 2004. Since a significant amount of private generation is derived from
manufacturing industries, this chapter addresses measures to increase the efficiency of power
generation in the industrial sector, especially in cement industries which constitute one of the major
energy intensive industries in the country.

1.2.2. Mitigation option 1: Waste heat recovery and utilization for power generation
in cement plants
The main objectives of this option are to meet the electrical supply needs of cement plants and to
reduce greenhouse gas emissions through the recovery and use of waste heat from the rotating kiln of
the cement clinker production line.
Additionally, this option has the potential to significantly reduce harmful emissions (including SOx, NOx
and floating particles), and thus improve the local environment.
Waste heat recovery from the cement industry has been largely applied in China. Table 1-12 illustrates
four case studies of heat recovery and utilization for power generation projects in China (UNFCCC 2007,
2008a, 2008b, 2009).
In summary, the projects implemented in China reveal the following:
The amount of electricity generated through heat recovery and utilization in a selection of Chinese
cement plants ranges between 65,000 and 118,000 MWh/year, where annual cement production
ranges between 1,825 Gg and 3,650 Gg per year.
Projects at these scales are expected to lead to emission reductions ranging between 55 and 95 Gg
CO2-eq per year.
The estimated investment cost of heat recovery and utilization for power generation ranges between
12.5 and 28 million USD with an average of 20 million USD.
The average operational lifetime of such projects is 15-20 years.
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Heat recovery and utilization projects for power generation from cement plants in
China

TITLE OF THE PROJECT

AMOUNT OF

AMOUNT OF

AMOUNT OF

COST OF

EXPECTED

ELECTRICITY

CO2-EQ

CEMENT

INVESTMENT

OPERATIONAL

(USD)

GENERATED

REDUCED

PRODUCED

(MWH/ YEAR)

(GG CO2-EQ

(GG/YEAR)

LIFETIME OF
THE PROJECT

PER YEAR)

Waste Heat Recovery and
Utilization

for

(YEARS)

65,100

55

1,825

12,556,992

15

103,930

95

2,790

19,470,812

20

104,000

101

2,920

27,805,512

21

118,238

124

3,650

21,825,248

20

Power

Generation Project of Anhui
Conch Cement, China1
Henan Nanyang Zhenping
Cement

Waste

Heat

Recovery and Utilization for
Power Generation Project2
Liaoyuan Jingang Cement
Waste Heat Recovery as
Power Project3
Inner

Mongolia

Wulanchabu Volan Cement
Waste

Heat

Recovery

Project4
Sources:

1

UNFCCC, 2007

2

UNFCCC, 2009

3

UNFCCC, 2008a

4

UNFCCC, 2008b

Based on figures of heat recovery and utilization projects in China summarized above, the following
assumptions (Table 1-13) are considered concerning the case of Lebanon. In addition, to portray the
possible future clinker production and CO2 emissions from the cement industry in Lebanon until year
2030, two baseline scenarios are suggested: Scenario A which assumes a low growth rate of 2% in the
cement industry, and Scenario B which uses a higher growth rate of 4%. Figure 1-9 represents forecasts
of clinker production and CO2 emissions under Scenario A and Scenario B and
Table 1-14 summarizes the results of the mitigation option 1 under scenario A and scenario B.

Table 1-13

Assumptions considered for the case of Lebanon

PARAMETER

VALUE

Average Gg CO2-eq reduced/Gg of cement produced

0.033

Average amount of electricity generated (MWh/ year)

97,817
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10.98

Expected operational lifetime of the project (years)

20

Operational cost

20% of investment cost
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Figure 1-9
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Projected clinker production and CO2 emissions under Scenario A and Scenario B
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Results of Mitigation option 1 under Scenario A and Scenario B for selected years
YEAR

2010

2015

2020

2025

2030

SCENARIO A

Production

of

Cement (tonnes)
Amount

4,666,602

5,152,306

5,688,562

6,280,632

6,934,325

168,835

186,408

205,809

227,230

250,881

155

171

189

208

230

5,243,240

6,379,204

7,761,277

9,442,780

11,488,585

189,698

230,797

280,799

341,635

415,652

174

212

258

313

381

of

electricity
generated
(MWh/year)
Amount of CO2-eq
reduced (Gg CO2eq)
SCENARIO B

Production

of

Cement (tonnes)
Amount

of

electricity
generated
(MWh/year)
Amount of CO2-eq
reduced (Gg CO2eq)

Breakdown of the capital and operational costs of mitigation option 1 under Scenario A and Scenario B
are shown in Table 1-15. It is worth noting that the costs per tonne of CO2-eq reduced are gross, since
the savings from energy production through heat utilization were not included in the analysis. This is due
to data unavailability as to the costs of energy use at the cement plants in Lebanon.
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Breakdown of the cost of mitigation option 1 under scenario A and Scenario B for the
period 2010-2030
INVESTMENT

OPERATION

TOTAL

TOTAL

COST/GG

TOTAL

COST/T

COST

AL COST

COST

DISCOUNTED

CO2-EQ

DISCOUNTED

CO2-EQ

(MILLION

(USD)

(MILLION

COST (10%)

(USD/GG

COST (15%)

(USD/GG

USD)

USD)

(MILLION

CO2-EQ)

USD)

(MILLION

CO2-EQ)

USD)

Scenario A

1,854

370,909

2,22

2,658

693

2,537

661

Scenario B

2,083

416,741

2,50

3,624

672

3,288

610

1.2.2.1. Mitigation option 2: Partial substitution of fossil fuels with alternative fuels or
less carbon intensive fuels
Since the majority of the industries in Lebanon use fossil fuel sources for their production processes and
operations (petroleum coke, diesel oil and residual fuel oil),

a main option to reduce the related

carbon dioxide emissions is to reduce the carbon content of the fuel by using less carbon intensive fossil
fuels, e.g., shifting from petroleum coke to natural gas.
Less carbon intensive fossil fuel is a fossil fuel type that has a lower CO2 emission factor on a net calorific
value basis (t CO2/GJ) than any fossil fuel type that has been already used in the plant. CO2 emissions
per type of fuel are shown in Table 1-16.
Another option is the application of waste-derived alternative fuels, which could at the same time
reduce the disposal of waste material.
Alternative fuels include the following fuel types:
Wastes originating from fossil sources;
Biomass residues; and/or
Renewable biomass from a dedicated plantation.
In considering using waste-derived fuels in cement industries specifically, a number of issues should be
considered (Hendriks et al., 2004):
Energy efficiency of waste combustion in cement kilns;
Constant cement product and fuel quality;
Emissions to atmosphere;
Trace elements and heavy metals;
Alternative fate of waste; and
Production of secondary waste.
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FUEL TYPE
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CO2 emissions per type of fuel

NET CALORIFIC VALUE

EFFECTIVE CO2 EMISSION

CO2 EMISSIONS PER GG OF

(TJ/GG)

FACTOR (GG/TJ)

FUEL (G CO2/G OF FUEL)

Fuels already in use
Petroleum Coke

32.5

0.097

3.1525

Residual fuel oil

40.4

0.0774

3.126

Diesel oil

43

0.074

3.182

Natural gas

48

0.0561

2.6928

Municipal waste

10-11.6

0.0917-0.1

0.971-1.16

Alternative Fuels

Source: Garg et al., 2006

Based on a project of fuel switching (coal to natural gas) in Peru (UNFCCC, 2008c), the cost of fuel
switching entails:
The cost of installation of natural gas burners, estimated at approximately 1.5 million USD per burner.
The operating cost of the project.
The cost of natural gas compared to other fuels already in use.
The cost of importing, transport and distribution of natural gas1
The annual average of estimated reductions from a fuel switch is in the order of 269,851 tonnes of
CO2-eq per annum.
Manufacturing plants in Lebanon have assessed the feasibility of substituting part of the fuel with wastes,
namely in cement industries. Such an option should be further explored in Lebanon.
A study on the potential of using biomass as a source of energy in Lebanon is also being conducted.
The results of this study, if favorable to the use of biomass in industries, should also be encouraged.

1.2.3. Mitigation Strategy
Table 1-17 below presents the mitigation strategy for the energy generation from industries, and Table
1-18 summarizes the constraints associated with its implementation.

The Energy Policy Paper submitted on June 2010 suggested building a gas pipeline along the coast to feed power
plants from Bedawi to Tyre. In case the gas pipeline is built, it will be used in the industrial sector and thus reduce the
cost of transport of Natural Gas.

1
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Table 1-17
TARGET

PROPOSED

MOE/UNDP
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Mitigation strategy for the Industry sector (energy generation)
ACTIVITIES

RESPONSIBILITY

MITIGATION

PRIORITY

INDICATIVE

SOURCES OF FINANCING/

(ST/ MT/ LT)

BUDGET

IMPLEMENTATION PARTNERS

STRATEGY
Reduction

of

emissions

from

industrial
generation.

GHG

Reduce GHG

the

emissions from

energy

energy generation.

(USD)
Cost of waste

The Arab Fund for Economic

Waste heat recovery and

The main activities include:

specifically

heat recovery:

and Social Development

utilization for power

cement

700

generation in cement

companies

CO2-eq

industries.

(private sector)

Partial substitution of fossil

MoI

fuels with alternative fuels or
less carbon intensive fuels.

Industries,

USD/Gg

(AFESD)
The European Investment Bank
(EIB)
Kuwait Fund for Arab Economic

MoE

Development (KFAED)

ALI (Association
of

ST

Lebanese

Industrialists)

The Abu Dhabi Fund for
Development (ADFD)
USAID
UNIDO
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Table 1-18
Mitigation Strategy

Reduction of GHG emissions
industrial

generation

Constraints to the implementation of mitigation measures

Constraints/ Gaps
Legal/ Policy

from

MOE/UNDP
ENERGY- MIC

energy

Institutional

Technical/

Capacity

environmental

Awareness

Gaps

None

None

Lack of standards

Lack of enforcement

High cost of technology

and their

power by MoE, which

and lack of financial

enforcement

is in charge of

support and incentives

relating to GHG

monitoring industrial

for industries to promote

emissions from

emissions

low emission

large scale

and

Data/

Information

technologies.

generators
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1.3. TRANSPORTATION
1.3.1. Background
General overview
The transportation sector in Lebanon suffers from major problems including lack of organization. The
major cities, particularly the Greater Beirut Area (GBA), suffer from severe congestion and chaotic
traffic conditions. Travel demand is growing more rapidly than the transport system’s ability to
accommodate it; in the GBA alone, daily passenger trips were expected to rise from 1.5 million in 1995
to 5 million in 2015. Major arterial roadways, highways, and intersections suffer from severe undercapacity and delays. The current transport system is dominated by the automobile, which constitutes
more than 86% of the Lebanese fleet. Vehicle kilometers traveled are low, reflecting the fragmentation
and the localization of the economy. Private passenger cars account for the majority of intra-city trips
(approximately 70%), and both automobile ownership and usage are growing. The total cost of urban
congestion in Greater Beirut and other major cities and towns is estimated at over $2 billion annually,
which represents up to 10% of GDP. This, together with other external costs, such as accident and
pollution costs, has serious impacts on the economy (MoE, 2005).
The transportation system in Lebanon encompasses land transport, marine transport, and air transport
subsystems. The transport infrastructure consists of the road and rail networks, the Beirut-Rafic Hariri
International Airport (BIA) and the main sea ports of Beirut, Tripoli, Saida and Tyre. As the existing railway
has become idle for the transport of passengers and goods, the land transport infrastructure is
practically characterized by the national road network, the vehicle fleet and the public transport
system. The government plays an exclusive role in the development, maintenance and management
of the transport infrastructure and a limited role in the operation of transport services, namely in the
operation of public transport and the currently non-operational railway.
Intra-city public transport is dominated by service-taxis (shared taxis), with an increasing number of
buses, mini-buses, and mini-vans. Most of these vehicles are owner-operated as private enterprises, and
function in the absence of any regulation of schedules or routes. Governmental decisions have resulted
in almost a threefold increase in the number of licensed public transport vehicles between 1994 and
2004 (MoE, 2005).
In comparison with developed nations, Lebanon has a larger percentage of older vehicles, which
probably leads to a proportionately higher percentage of emissions released into the atmosphere per
vehicle-kilometer or vehicle-hour of congestion than in more developed countries. The transport sector
accounts for 19.5% of Lebanon’s GHG emission (equivalent to 3,976 Gg of CO2 equivalents), and
around 98.5% of total CO emissions, according to the National Greenhouse Gas Inventory for 2004
(Section …).
The Lebanese vehicle fleet is dominated by private cars which are poorly maintained. The vehicle
inspections procedure was interrupted for over 15 years up until 2004, which further contributed to poor
conditions of the vehicle fleet. In spite of the annual inspection that is undertaken, there is no legislation
governing passenger vehicle emissions (a regulation that new vehicles should comply with one
category below the latest EU emission norm is still pending). Decree 6603/1995 sets emission standards
for diesel vehicles (trucks and buses) relating to CO, NO2, hydrocarbons and TSP, but is not enforced.
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The fleet size reported in 2003 in Lebanon was 1,081,477 (MoE, 2005). Figure 1-10 shows the vehicle fleet
size between 1997 and 2005 and projections for 2015, when the total size is expected to reach 1,406,103
vehicles- from 1,219,224 in 2005 (MoE, 2005).

Figure 1-10

Vehicle fleet size between 1997 and 2005 and projections for 2015

Source: MoE, 2005
Vehicle age
The Lebanese vehicle fleet is relatively old and outdated where 62 percent of the fleet is older than 13
years (Table 1-19) based on data from the Vehicle Registration Office and MoE. The shared taxi
category average age is estimated at 30 years since it is a remarkably old fleet, which consists mainly
of Mercedes 200/230 series (1975 to 1979 models) (MoE, 2005).
Table 1-19
VEHICLE AGE BAND

0-2 YEARS

Vehicle fleet age structure
3-4 YEARS

5-12 YEARS

13 YEARS +

Number of vehicles

35,052

36,486

224,709

486,968

% of fleet

4.47%

4.66%

28.69%

62.17%

Source: MoE, 2005
Such a high fleet age is attributed to:
The non-restricted import of vehicles prior to 1995, when the Lebanese authorities imposed new
regulations banning the import of vehicles above 8 years old;
The existing tax system is such that the newer (and more expensive) the vehicle is, the higher the tax
level imposed for its import is;
The fact that the cost of registering the vehicle and of the annual license decreases with vehicle
age.
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Vehicle Ownership
Lebanon has a very high car ownership. Nearly every third inhabitant possesses a car; less than 40 % of
households do not own a car (MoE, 2005). CDR’s recent figures (personal communication with E. Helou,
August 31, 2010) estimate car ownership at around 526 cars for every 1,000 persons. The high car
ownership may be attributed to several factors including (MoE, 2005):
A weak and unreliable public transport system;
Weak urban planning practices;
Socio-cultural stigma associated with bus riding;
Cultural attachment to car ownership;
Availability of old and cheap vehicles;
Availability of credit facilities for the purchase of new cars; and
Inappropriate fiscal system (especially annual license payments) that favors older cars.
The number of new cars imported every year is around 50,000 to 60,000; in addition to a similar number
of used cars imported yearly. This leads to an additional 100,000 cars/year (personal communication
with E. Helou- CDR, August 31, 2010).
However, given the increasing fuel tariffs with time, the budget required to operate a car will inevitably
rise. In addition, if restructuring of the vehicle tax system is envisaged together with stringent emission
norms, it is expected that the retirement of old vehicles will be gradually promoted.
Traffic conditions
Road traffic growth in Lebanon from 2003 to 2004 was estimated to be 6.8 %, which corresponds to a
rate well beyond economic growth, and is expected to remain stable over the coming years. As a
result, more severe congestion will inevitably follow. Traffic problems are evident at the entrances to the
city of Beirut where bottlenecks develop and long delays are experienced. The coastal highway
leading from the north carries a daily traffic volume in both directions of close to 180,000 vehicles while
the southern coastal highway has a volume of a little more than 50,000 vehicles. The average speed
during the day along the major axes in the GBA ranges between 15 and 30 km/hr, dropping to 10
km/hr and less in the commercial districts within the city at peak times (MoE, 2005).
Moreover, in the absence of an operating railway system, roads are the only available option for both
passenger and freight transport, which further complicates the problem.
Public Transport
Based on a study conducted in 2002, the modal share for inter-urban travel was calculated to be in the
range of 60% for cars, 7% for service or taxis and approximately 20% for minibuses. Large buses are
supposed to have only a share of 5 %. Around 40,000 public transport vehicles are distributed between
shared-taxis (service-taxis), taxis, buses and minivans, which constitutes an oversupply at very low
quality levels (oversupply is also to be seen from continuous cruising of taxis on their search for
passengers, which unnecessarily increases mileage driven). These vehicles are increasing traffic
congestion, transport delays and air pollution (MoE, 2005).
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Table 1-20 shows the supply and market share of public transport in Greater Beirut in 2002. However,
these figures have probably changed, due to the banning of diesel operations in 2002 which resulted in
putting numerous taxi and minibus vehicles out of service (MoE, 2005).
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Supply and Market Share of Public Transport in Greater Beirut (2002)

MODE

SUPPLY IN LEBANON

SUPPLY IN GREATER BEIRUT (GB)

GB MARKET SHARE

Rail and Public Transport
Authority (RPTA) buses

130

117

3

Lebanese Commuting
Company (LCC) buses

191

191

5

Exclusive Ride Taxis

1,300

1,000

1

Shared Ride Taxis

32,000

20,000

14

Minibuses

4,000

2,000

8

(%)

Private Intercity Buses

2,135

-

-

Total

39,756

23,308

31

Source: MoPWT, 2002

Based on more recent studies, the occupancy rate of service-taxis is 1.2 passengers/car, and the
breakdown of the vehicle fleet as follows (personal communication with E. Helou- CDR, August 31,
2010):
18% buses and mini-vans;
1.7% long buses; and
Around 80% private cars (including shared taxis).
Recent estimates of person-trips traveled by transport mode during the peak period in Lebanon
(unpublished data from the MoPWT) are shown in Table 1-21:
Table 1-21

Distribution of person-trips traveled by transport mode

Vehicle type

Percent of person-trips
Beirut

Jounieh

South

North

Bekaa

Private vehicles

80.6%

92.5%

67.6%

59.9%

52.8%

Total
75%

Shared taxis

6.0%

3.2%

7.9%

15.7%

6.0%

7.5%

Private taxis

0.7%

0.6%

0.1%

0.2%

0.0%

0.5%

Vans

10.9%

1.8%

24.4%

24.2%

41.2%

15.7%

Buses (LCC)

1.2%

1.6%

-

-

-

0.9%

Buses (RPTA)

0.5%

0.3%

-

-

-

0.4%

The public transport sector in Lebanon suffers from major organizational and technical problems, such
as:
The lack of government planning, regulation and enforcement;
The lack of an efficient, reliable, clean and cost-effective mass transport system where safety
regulations are applied;
Oversupply of vehicles resulting in low ridership and low revenues among operators, which in turn
leads to the neglect of vehicle maintenance and insurance; and
Improper allocation of the existing supply over the market. Some areas are over-served while others
are under-served.
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Therefore, the low-quality public transportation system does not provide a reasonable alternative to the
automobile, restricting use to only few riders who have no choice.
Freight and logistics
Goods distribution in GBA has no clear logistics setup: the location of make-shift warehousing in
residential buildings poses a serious safety as well as logistical concern. The chaotic loading and
unloading procedures in urban streets are increasing roadway congestion, which is already in a difficult
situation.
Issues impeding the development of efficient and competitive freight movement also include complex
procedures across international borders, licensing requirements, high fees and lack of coordination
among authorities. This results in a serious lack of competitiveness and impedes the growth of the
Lebanese economy (MoE, 2005).
This chapter will focus on land transport of passengers, which is the largest contributor to GHG transport
emissions in Lebanon.

1.3.2. Baseline Scenario
This section presents an overview of current plans and strategies for the Transport sector in Lebanon
and their impact on the baseline scenario and associated emissions between 2004 (baseline year) and
2030.

1.3.2.1. Existing Legislation, Plans and Strategies
The main existing transport legislation relevant to the mitigation of GHG emissions comprises:
Decree 6603 (4/4/1995) that defines standards for operating diesel trucks and buses, as well as the
implementation of a monitoring plan and permissible levels of exhaust fumes and exhaust quality
(particularly for CO, NO2, hydrocarbons and TSP).
Decision 9, issued by the Council of Ministers on 5/4/2000, which calls for the reform and reorganization of the Land Public Transport Sector in Lebanon and the reduction of the number of
public transport vehicles from 39,761 to 27,061.
Law 341(6/08/2001) that lays the legal framework for reducing air pollution from the transport sector
and encouraging the use of cleaner sources of fuel. Specifically, the law bans the import of
minivans operating on diesel engines, as well as old and new diesel engines for private
passenger cars and minivans. The law empowered the GoL to retrieve 10,000 public license
plates operating on diesel.
Apart from the implementation of law 341/2001 and banning cars and buses with fewer than 24
passengers from operating on diesel, the enforcement of these legislations is still weak.
In addition Table 1-22 , presents a number of formulated and on-going projects and studies which, if
implemented will have very significant influence in enhancing the sustainability of the transport system
and reducing GHG emissions. These were compiled in the National Environmental Action PlanTransport Sector (MoE, 2005).
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Summary of formulated and on-going projects and studies relevant to the Transport sector

STUDY/ PROJECT

Urban

MAIN COMPONENTS

Transport

Development

MOE/UNDP
ENERGY- MIC

Plan

(UTDP) for the city of
Beirut

STATUS AND COMMENTS

Traffic Management System (TMS) consisting of centrally controlled traffic signals, red

The original time frame of the UTDP was

light enforcement, vehicle detection, and CCTV monitoring at numerous intersections

between 2005 and 2008; however, as a

and on selected high-volume corridors in the GBA.

result of delays in implementation, the

On-Street Parking Management System consisting of Pay and Display units (solar-

project is still on-going.

(Funded jointly by the

powered electronic parking meters) to regulate parking usage in 17 high-density

The corridor improvement component

World

commercial areas throughout the GBA.

has been suffering serious impediments

Bank

Republic
and

of

and

the

Lebanon,

implemented

by

the CDR)

Corridors Improvement Program to enhance traffic mobility along a number of road
corridors in the GBA, through the construction of 12 over-passes and underpasses at
heavily congested intersections.

and

delays

expropriation

attributed
procedures

to
on

slow
the

Government side. Around 60% of this
component has been implemented.

Establishment of the Traffic Management Organization (TMO) in charge of traffic

Upon completion, it may lead to a short-

control and surveillance, traffic enforcement, parking management and regulation,

term relief; however any additional

traffic operations planning, traffic engineering, and traveler information.

capacities will be occupied quickly by

Technical assistance component to the MoPWT (DGLMT) to prepare an air quality

additional road traffic.

management program.

Shortcomings of the program:
Lack of proper enforcement of regulations;
Yearly increase in power outages throughout
GBA that hinders the operation of traffic
signals as initially planned;
No provision for improving traffic through
upgrades to the public transport sector.

Revitalization
Public

of

the

Transport

and

Freight
Industries

Transport

Objective: assess the state of passenger transport by land in Lebanon, and propose

The background assessment for this

measures to reorganize the sector at the regional scale, national scale, as well as the

study has been launched (personal

intra-city scale for the Greater Beirut Area (GBA) and other major cities and towns.

communication with E. Helou- CDR,

The study is supposed to assist decision-makers by raising the level of information about

August 31, 2010).
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(Launched

by

MAIN COMPONENTS

the

MoPWT)

MOE/UNDP
ENERGY- MIC
STATUS AND COMMENTS

the current conditions, and by evaluating the effectiveness of potential reform
measures.
Component related to the unsustainable land freight transport system: analysis of the
freight transport sector’s ability to serve the economy with the maximum degree of
quality, efficiency and reliability, through reorganization.

Restructuring

of

the

Directorate General for
Land

&

and

Marine

Transport
Launched

Study for the restructuring of the Directorate General for Land and Maritime Transport,

No implementation to date.

as part of the ARLA program.
The results of the study include a proposed draft law for organizing land and maritime
transport in Lebanon through the establishment of the General Authority of Land

by

the

Transport, General Authority of Maritime Transport and the National Company for

MoPWT

Public Transport to replace the current RPTA.

The Road User Charges

Adoption of a Statement of Road Sector Policy in May 1996 regarding the need to

No concrete action has been taken to

Study

move towards full recovery of costs from road users for the rehabilitation and

date in order to establish neither the

maintenance of the road network, through the creation of a dedicated Transport

Road Fund nor the Transport Fund, and

Fund catering for all investments in the transport sector. The Fund would:

the study is now outdated, especially

Support bringing the national transportation system to a state of good repair,

with the unexpected rise in oil prices.

maintaining and improving it, and improving the public transportation system;
Prioritize improving the quality and quantity of public transportation services, and
upgrading the visual environment of streets and highways;
Provide more disincentives against the use of the private auto.

The Proposed National

Reducing air and noise pollution by reducing the use of automobiles and encouraging

Transport Policy

a shift to other modes, through strengthening public transport, reactivating rail

Prepared by the DGLMT
and submitted to the
Government

of

No concrete implementation to date.

transport, and adopting user fees and taxes that can restrain the demand for private
cars (e.g., high parking and fuel prices).
Increasing regulations on vehicles so as to make them more environment-friendly (e.g.,
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MAIN COMPONENTS

Lebanon in 2002.

STATUS AND COMMENTS

higher quality fuel standards, maximum vehicle age, strict requirements on the
physical and mechanical conditions of vehicles).

The

National

Master

Plan

Lebanese
(NPMPLT)

Physical

The means of transport for export, import and international transit require solutions

Although the NPMPLT was endorsed by

for

adapted to the volumes of goods and to the locations of exchange modes and

the Council of Ministers in 2009, no

destinations.

application decrees were issued for its

the

Territories

The inter-urban links must assure efficient links between various town and
agglomerations.

application

into

land

use,

urban

planning, or development schemes and
projects.

An integrated plan for urban transport and transit is required with the main objective
of dealing with traffic congestion.
The level of service of the Lebanese road network globally leads to the problem of
rehabilitation and maintenance.
New local roads reserved for the expansion of cities and villages with the aim of
directing urbanization and preventing urban sprawl.
Interest in re-instating the services of parts of the railway network for freight transport,
particularly the connection from Tripoli to the Syrian Borders, with the option of
extending it towards Beirut to serve passenger traffic.
Recuperation and preservation of the right of way of the coastal railway.
Creation of a logistic apron connected to the three planned major industrial zones in
Tripoli, Zahleh, and Zahrani, that would equally serve as storage and unloading zones
for the agricultural produce of Akkar, Beqaa and the South.
Attenuation of the current congestion problems in Beirut and Mount Lebanon and
along the coastal corridor at two simultaneous levels: the road capacity expansion
level and the public transport development and recovery level.
Establishment of a sole transport authority to take charge of all planning, financing
development, management, and operation responsibilities in the transport sector.
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The

Beirut

Mass

MAIN COMPONENTS

Suburban

Transit

MOE/UNDP
ENERGY- MIC

Corridor

Study

STATUS AND COMMENTS

Given the constrained right-of-way, start at first with a Bus Rapid Transit System (BRT)

This

providing passenger services.

financially viable by the government

Importance of protecting and maintaining the existing right-of-way so as to allow for
the future introduction of a full-scale rail service.
BRT is economically sustainable until the year 2015 at which time the introduction of

project

is

also

not

considered

due to the costs it entails and to the
present loss of the rail right-of-way by
urban encroachment on the existing
track in many locations.

heavy rail is justified.

Setting up of the Traffic

The Beirut Urban Transport Project (BUTP) – Preparation Study (undertaken by

The

Management

the CDR) recommended the establishment of an autonomous body with

No.11244 dated October 25, 2003, but

Organization (TMO)

jurisdiction and authority over the GBA, to be under the tutelage of the

has had an administrative rather than a

Ministry of Interior, and to have the following main functions and

more technical traffic management role

responsibilities:

as a result of the involvement of the

Traffic planning, engineering and management studies and strategies;

Decree

administrative Directorate of Licenses
and Vehicle Inspection. This has held the
and tasks it was created for. The current

Regulation of the Public

A short-term component, basically limited to low cost actions, which have immediate

Transport

effect in enhancing the public transport image (safer and better vehicles, trained

Carried

by

Monitoring of traffic, public transport, and pedestrian movements;

Support traffic enforcement efforts.

Lebanon

created

TMO from fulfilling the actual objectives

Coordination with other involved agencies, including traffic police; and

in

was

Traffic signals design, installation and management;

Regulation and management of on-street parking;

Industry

TMO

TMO needs restructuring – including
hiring traffic experts – in order to fulfill its
role as perceived in the UTDP (personal
communication with E. Helou- CDR,
August 31, 2010).
No concrete implementation to date.

drivers, etc.), and in gaining government control over major aspects of the industry

out

by

the

DGLMT - MoPWT in 2002

(e.g. licensing of companies, drivers and vehicles);
A medium-term component, including management of recurrent regulations,
distribution and assignment of existing supply, and continuation of enforcement; and
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A long term component, which aims at gaining full control over the public transport
industry, through the management and distribution of supply, regulating passengers
boarding and alighting, raising vehicles condition standards, and strict monitoring and
enforcement procedures.

Source: MoE, 2005
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In short, numerous transport studies and policies and legislative texts are available, but little has been
effectively implemented to date, leaving the sector in a chaotic situation that is getting worse
throughout the years, especially during high seasons (especially in summers and during holidays).

1.3.2.2. Projected growth in the vehicle fleet
The projected demographic growth in Lebanon from a total population of 4.29 million to around 5.2
million over the coming 25 years would inevitably be translated into growing demands for the various
urban services, including transport. This population growth over time will result as well in modifications in
the community behavior and demands in relation with the transport sector, particularly mobility and
demand in terms of number of daily trips as well as annual distance traveled, as a result of the
tendency to move to the outskirts of major cities where residence is cheaper.
According to the National Environmental Action Plan estimates (MoE, 2005), the vehicle population is
expected to grow to 1,400,000 in 2015. Moreover, it is estimated that, in 25 years, the vehicle fleet as
well as the average number of daily motorized trips per person will both grow by almost 60%.
Given the difficulty of obtaining relevant official data, it was not possible to conduct a quantitative
analysis using LEAP. The chapter is limited to a qualitative description of mitigation options without the
possibility of quantifying the resulting emissions reduction. Table 1-23 shows some assumptions made for
the Transport sector under the baseline scenario.
Table 1-23

Assumptions made for the baseline (business as usual) scenario
in the Transport sector, 2004 - 2030

PARAMETER

2004 VALUE

2030 VALUE

Population‡

4.29 million

1% growth per year

Road transport of passengers

100% of total passenger trips

100% of total vehicle-km

Percent share of person-trips**

Private cars (gasoline engines):

-

75%
Taxis

(gasoline

engines):

8%

Vans (gasoline engines): 15.7%
Buses (diesel engines): 1.3%
Occupancy of vehicles**

Passenger vehicles: 1.4 person/
car
Long buses: 35 persons/ bus
Vans:

6.5

persons/

van

Buses: 13 persons/ bus
‡
**

CDR, 2005
Based on unpublished data from MoPWT.

Given the relatively affordable car prices , available credit facilities, and the lack of a reliable and
efficient public transport system, it is expected that the current trend would remain constant in the
coming years under the baseline scenario; i.e., the share of passenger-trips traveled by private vehicles
would keep increasing until it reaches 90% in 2030. The share of passenger-trips traveled by buses would

1-45

VULNERABILITY, ADAPTATION AND MITIGATION CHAPTERS OF LEBANON’S SECOND NATIONAL COMMUNICATION
MITIGATION ASSESSMENT

MOE/UNDP
ENERGY- MIC

remain constant, while that for vans would decline. Buses are assumed to operate on diesel, and vans
on gasoline as mandated by law 341/2001. Fuel types and associated energy intensity would remain
unchanged for all modes of passenger transport.

1.3.3. Mitigation options
The anticipated growth in daily trips and distance traveled will dramatically aggravate the capacity
problems of the transport infrastructure and will magnify pressures and impacts on society and the
environment, particularly in densely populated urban areas where the situation would reach a serious
stage if adequate policy and management measures or alternative sustainable transport solutions are
not implemented. Thus, Lebanon's transport sector urgently requires serious restructuring efforts. The
most significant reductions in GHG emissions will result from:
Improved standards of gasoline and diesel;
Upgrade of technological control measures in vehicles;
Introduction of vehicle retirement program;
Improvements in traffic flows (decrease in congestion levels);
Reductions in the number of vehicle trips;
Reduction in the average lengths of vehicle trips; and
Mode shift from single occupancy vehicles to high occupancy vehicles (public transport, transit).
The simplest and most basic measures are still non-existent in the country, and could make a drastic
difference in terms of GHG emissions reduction. Therefore, two priority mitigation measures were
considered for reducing GHG emissions in Lebanon by 2030:

1.3.4. Revitalization of the Public Transport System
This option consists of creating an efficient and reliable public transport system, whereby the distribution
of pass-trips traveled by bus and car would be reversed (more than half of person trips to be traveled
by bus).
Regarding the cost of short term (5 years) public transport revitalization relying on bus transport, , it is
estimated that 507 buses will be needed in GBA, 85 in Tripoli, and 45 to serve intercity (between
Mohafaza centers); i.e., a total of 637 buses countrywide. The total non-recurring investment in vehicles,
infrastructure, terminals, depots, etc., is estimated at USD 400 million (based on unpublished data from
the MoPWT). The GBA public transport will require an annual subsidy of USD 100 million, which is modest
compared to what is currently paid to employees as transport allowance. This cost should be
considered starting 2011, in addition to an additional USD 200 million in 2020 for the renewal of the bus
fleet and its expansion by around 25% up to a size of 800 buses, in addition to upgrading and
maintenance of infrastructure.
The cost-effectiveness of this mitigation scenario in terms of USD per tonne of CO2 equivalent reduced
would be too high in absolute terms since such a project is usually not carried out merely for GHG
mitigation purposes, but is rather a basic infrastructure project that needs to be implemented for more
general and broader purposes, and that would have additional advantages. Thus, its total cost cannot
be considered as the mitigation cost.
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1.3.4.1. Implementation of a car scrappage program
This option consists of developing and implementing a complementary, integrated program to reduce
emissions from the existing fleet through carrying out a car scrappage program whereby illegal vehicles
that are old, highly emitting and carry duplicate license plates would be bought by the Government
and scrapped.
A scrappage program would reduce the overall energy intensity of the vehicle fleet, and consequently
GHG emissions from the sector. Indeed, policymakers use incentive-based vehicle scrappage (or
"Cash-for-Clunker") programs to pursue a range of social and economic goals such as decreasing
vehicular emissions, preventing vehicle abandonment, lowering consumer spending on gasoline, and
stimulating new vehicle sales. Car scrappage programs increase the vehicle turnover rate by
incentivizing vehicle retirement. A number of recent scrappage programs make GHG emissions
reduction an ancillary goal by setting fuel economy or grams of CO2 equivalent per km requirements
on the replacement vehicles. These upgrades range from a fuel economy improvement of 2.13 – 3.83
km/L in the US CARS program to 120 g CO2 equivalent per km in Italy’s scrappage program (Allan et al.,
2009).
However, since newer cars are driven further per year than older ones, prematurely retiring a vehicle
may have reduced short-term GHG emission reduction benefits if the replacement vehicle is driven
considerably farther than the scrapped vehicle.
Incentives in vehicle scrappage programs can have various forms such as a voucher for a new vehicle,
a tax rebate, a waiver for vehicle registration, or money towards public transportation. Vehicle owners
will generally only scrap a vehicle if the incentive is larger than the trade-in value of the vehicle minus
the expected repair and maintenance costs.
Using a fuel economy based requirement in car scrappage programs provides an incentive by
enabling consumers to save money on gasoline bills, while a mileage-based eligibility would provide
certainty in emission savings and simplify the scrapping procedure. Regarding program length, a longterm Cash-for-Clunker program may be more suitable to CO2 equivalent reduction because with such
a program policymakers could send a clear, long-term signal to auto manufacturers to produce more
fuel-efficient vehicles.
Moreover, a prolonged Cash-for-Clunker program working in tandem with emission standards would
hasten the vehicle turnover rate, provide more fuel-efficient vehicle options for consumers, increase the
effectiveness of emission standards and reduce market distortions. However, the longer a program runs
the longer a vehicle owner will wait before scrapping a vehicle. This problem is easily overcome by
having a maximum total mileage requirement (Allan et al., 2009).
The implementation of a car scrappage program in Lebanon can be considered a top priority measure
that needs to be undertaken within an integrated framework. The estimated size of the vehicle fleet to
be targeted is around 30,000 to 40,000. Strict control needs to be exerted simultaneously in order to
enforce the ban on old cars and therefore prevent the illegal import (or smuggling) of such old cars
that need scrapping. In parallel, strict emission standards need to be defined and enforced, and I/M
made more stringent so as to identify those “legal” cars that are non-compliant and need repair or
maintenance. In a second stage, once illegal vehicles have been scrapped, incentives would be
provided to promote the replacement of non-compliant old vehicles that are too costly to repair and
maintain, thus sustaining the renewal of the fleet throughout the years.
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The promotion of technology measures such as hybrid vehicles would only be advocated once the
above-mentioned measures, which are a pre-requisite to any other plan, less costly and lead to higher
emission reductions, have been implemented and sustained. The introduction of hybrid and efficient
vehicles to replace the taxi fleet has been advocated but is still controversial and will depend on its
affordability, governmental support and provision of adequate subsidies. A comprehensive feasibility
study needs to be carried out to assess such an option,

1.3.5. Mitigation strategy
Table 1-24 and Table 1-25 below present the mitigation strategy for the Transport sector and associated
gaps and constraints. It should be noted that the indicative budget is a rough estimate based on
professional judgment, and sometimes reflects the cost of studies that need to be carried out prior to
the implementation of the proposed activities. Each of the mentioned activities requires an in-depth
assessment to determine its actual cost at the time of planning and implementation.
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OBJECTIVE

PROPOSED

MOE/UNDP
ENERGY- MIC

Mitigation strategy for the Transport sector

ACTIVITIES

RESPONSIBILITY

MITIGATION

PRIORITY

INDICATIVE

SOURCES OF FINANCING/

(ST/ MT/ LT)

BUDGET (USD)

IMPLEMENTATION PARTNERS

STRATEGY

Reduce
emission
from

Develop
levels
the

transport sector

sustainable
transport strategy

a

Vehicle/

fuel

technological

changes including:

MoPWT
MoE

Improve specifications relating to

ST

USD

2

to

million
designing

5
for
the

MoPWT budget
AFESD (The Arab Fund)

MoIM

activities

EU

at the import stage.

CDR

proposed.

Investment

Provide incentives for increasing the

Syndicate of

USD 400 million

share of new vehicle technologies in

vehicle

investment

World Bank

the fleet (e.g., HEV).

importers

cost for public

EIB

Private sector

transport

vehicle efficiency and fuel economy

Issue and enforce new vehicle

revitalization

emission control standards for

over a period

imported used vehicles.

of 5 years.

Mediterranean
and

Partnership (FEMIP)

KFAED (Kuwait)

Implement decree 6603/1995 relating
to standards for operating diesel
trucks and buses, monitoring and
permissible levels of exhaust fumes
and exhaust quality.

Road/

vehicle

operations

improvements including:
Restructure, empower and enhance
the role of the traffic management
organization (TMO).
Promote the creation of a transport
fund and foster increased
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MITIGATION

RESPONSIBILITY
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PRIORITY

INDICATIVE

SOURCES OF FINANCING/

(ST/ MT/ LT)

BUDGET (USD)

IMPLEMENTATION PARTNERS

STRATEGY
public/private partnership in order to
reduce the financial burden of the
transportation system on the budget
of Lebanon.
Adopt knowledge-intensive high-tech
management approaches for solving
complex urban transport problems.
Amend vehicle taxation system and
registration fees into a more
environmentally oriented scheme.
Endorse road network development.
Apply conventional traffic flow
improvements.
Discourage private car use in CBD
areas through a reduction of road
space for private vehicle operation
and parking, coupled with a
supporting fiscal structure that makes
car use in CBD more expensive,
assuming that a proper (efficient)
alternative of transportation mode is
provided.
Proper training of drivers passing their
license test so as to promote
adequate driving habits that reduce
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PROPOSED

ACTIVITIES

MITIGATION

RESPONSIBILITY

MOE/UNDP
ENERGY- MIC
PRIORITY

INDICATIVE

SOURCES OF FINANCING/

(ST/ MT/ LT)

BUDGET (USD)

IMPLEMENTATION PARTNERS

STRATEGY
emissions from cars.
Redefine scarce urban road
infrastructure for an increased (and
partially exclusive) use of public
transport means.
Improve logistics and fleet
management including upgrading
and enforcing the car inspection
program requirements and
mandating the presence of catalytic
converters.
Implement a vehicle retirement
program and car scrappage
program with incentives.

Demand management including
modal substitution and pricing
incentives/disincentives:
Promote travel modes with lower
emissions: improve and expand
public transport while also increasing
fuel taxation and parking fees,
coupled with supporting awareness
campaigns with respect to
sustainable transport practices.
Reduce the average number and
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OBJECTIVE

PROPOSED

ACTIVITIES

MITIGATION

RESPONSIBILITY

MOE/UNDP
ENERGY- MIC
PRIORITY

INDICATIVE

SOURCES OF FINANCING/

(ST/ MT/ LT)

BUDGET (USD)

IMPLEMENTATION PARTNERS

STRATEGY
length of vehicle trips through
decentralization of public, medical,
academic and other institutions; as
well as improved logistics and
simplification of routine official
procedures.
Promote mass transit of freight
through the introduction of electric
rail in the long term.
Reduce congestion in urban areas by
reducing the penetration of trucks
into urban areas, controlling
loading/unloading operations,
preventing the location of
warehouses in the basements of
buildings, etc.

Legislative reforms, particularly in
relation to urban planning laws,
expropriation laws, taxes and
tariffs, traffic laws.
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Table 1-25

Constraints to the implementation of mitigation measures

MITIGATION STRATEGY

CONSTRAINTS/ GAPS
LEGAL/ POLICY

Develop

a

sustainable

transport strategy

MOE/UNDP
ENERGY- MIC

Lack

of

long-

term

transport

strategy
endorsed

by

INSTITUTIONAL

CAPACITY AND

DATA/ INFORMATION

AWARENESS

GAPS

Low purchasing power

Lack of awareness

Limited monitoring

responsibility

slowing down renewal of

with

data

among

the vehicle fleet.

sustainable

transport

transport practices

aiming

and proper driving

development

habits.

sustainable

Fragmentation

government

Government.

agencies;
of

implementation
of

legislation

governing
vehicle
emissions (such
as

Decree

6603/1995).
Lack

of

legislation

transport

the
system

allocation

existing

of

collective

transport supply over the
market.

respect

Lack

function.

transport services.

Lack of technical

Poor road maintenance

pollution,

expertise

adding

other

staff,

inhibiting

it

from

controls.

carrying

out

the

TMO

traffic

to
of

of

appreciation of the

management

inefficiency

pricing

of

Distorted

among

to

to

support
studies
at

the
of

transportation
strategies.

economic impacts
of congestion, air

the
traffic

adverse

effects
and

and
on

the

users
urban

economy.
Insufficient number
of

trained

professional experts
in

the

field

of

transportation and

Limited

of

in

transport

conceived for.

retirement.

use

the

mandates it was

vehicle

promote

gap

Improper

management

regulating

incentives

of

concerned

the

Lack

TECHNICAL/ENVIRONMENTAL

to
the
public
and

sustainable

urban

transport.
Need
introducing

for
the
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MITIGATION STRATEGY

MOE/UNDP
ENERGY- MIC

CONSTRAINTS/ GAPS
LEGAL/ POLICY

INSTITUTIONAL

TECHNICAL/ENVIRONMENTAL

CAPACITY AND

DATA/ INFORMATION

AWARENESS

GAPS

discourage the

transport

use of private

engineering

vehicles.

specialty

in

universities.
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1.4. BUILDING ENVELOPS
1.4.1. Introduction
This chapter focuses on the thermal performance of buildings based on heating and cooling energy
consumption. According to the greenhouse gas inventory (Section …), energy-related emissions from
the commercial, institutional and residential sectors, as well as from the agriculture, forestry and fishing
sectors contributed 1,556 Gg CO2 equivalents in 2004, i.e., 7.63% of total emissions in Lebanon.
However, this figure does not account for electricity consumption in the residential sector. Therefore, it is
difficult to make a conclusion regarding total emissions from the buildings sector (residential,
commercial and institutional) alone..
Thermal standards for buildings in Lebanon were developed by the “Capacity Building for the Adoption
and Application of Thermal Standards for Buildings” project that was implemented between 2002 and
2005. The project was funded by the Global Environment Facility (GEF), managed by the United Nations
Development Programme, and executed under the Lebanese General Directorate of Urban Planning
(DGUP), Ministry of Public Works and Transport. The project presented a forecast of the impact of the
application of the thermal standards on GHG emissions at the macroeconomic level, based on an
estimation of the area of residential buildings and office buildings which will be constructed on a 20year horizon between the period 2010 and 2029 (MoPWT, 2005), assuming that the thermal building
standards would become mandatory as of 2010; unfortunately, the standards are still not mandatory.
This chapter presents the project’s analysis for new buildings, highlights differences and limitations, and
proposes measures for existing buildings. It should be noted that the retrofitting of existing buildings was
not considered in the project.

1.4.2. The Thermal Standards for Buildings
The proposed thermal standards for buildings suggest standards for walls, roofs and windows for
residential and office buildings (commercial, institutional). Following is a brief overview of these
standards.
U-value for Roofs and Walls
Recommended levels of roof and wall U-values for the thermal standards for buildings for the various
climatic zones of Lebanon are presented in Table 1-26.
Table 1-26
CLIMATE ZONE

Optimum roof and wall Insulation levels by climate zone

BUILDING TYPE

ROOF

WALL

U-VALUE

EQUIVALENT

U-VALUE

EQUIVALENT

(W/M2.K)

POLYSTYRENE

(W/M2.K)

POLYSTYRENE (CM)

(CM)

Coastal

Residential

0.57

6

2.10

Double cavity wall
No insulation

Western

mid-

Office

0.57

6

2.10

4

Residential

0.57

6

0.77

4
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CLIMATE ZONE

BUILDING TYPE

ROOF

WALL

U-VALUE

EQUIVALENT

U-VALUE

EQUIVALENT

(W/M2.K)

POLYSTYRENE

(W/M2.K)

POLYSTYRENE (CM)

(CM)

mountain
Inland plateau

High mountain

Office

0.57

6

0.77

4

Residential

0.57

6

0.77

4

Office

0.57

6

0.77

4

Residential

0.44

6

0.55

6

Office

0.44

6

0.55

6

U-value for Windows
Table 1-27 summarizes the recommendations for the selection of the glazing U-value in Lebanon based
on an economic analysis.
Table 1-27

Glazing thermal transmittance requirement
CLIMATE ZONE

Coastal

Western mid-mountain

Inland plateau

High mountain

BUILDING TYPE

WINDOW

U VALUE (W/M2.K)

TYPICAL CHARACTERISTICS

Residential

6.2

Single glass

Office

6.2

Single glass

Residential

4.3

Single glass, low-e

Office

4.3

Single glass, low-e

Residential

4.3

Single glass, low-e

Office

4.3

Single glass, low-e

Residential

2.8

Double glazing, clear, low-e

Office

2.8

Double glazing, clear, low-e

Maximum Effective Fenestration Ratio (EFR)
The objective of the required Effective Fenestration Ratio (EFRreq) is to limit the solar load to a
reasonable range. The EFRreq is determined based on an analysis of several parameters that the
building designer may act upon in order to reduce the solar heat gain of the proposed building, such
as:
The orientation of the building,
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The glass shading coefficient, and
The architectural shading factor (fins and overhang).
FENESTRATION RATIO
Windows have a higher heat loss per unit area than walls; therefore, increasing the window to wall ratio
will result in a higher energy requirement for both space heating and cooling.
On the other hand, since windows are desirable from the point of view of natural lighting, natural
ventilation (for opening windows), occupant general visual comfort and aesthetics, it is necessary to
allow reasonable window-wall-ratios, as long as this does not adversely affect the thermal energy
requirements of the building. Options to offset heat losses/gains incurred by greater window areas can
include specifying better U-values for walls and roofs, addition of external horizontal or vertical window
shading devices and lower U-value window configurations (two panes or better frame).
GLAZING SHADING COEFFICIENT
Reflective windows are cost effective in most climates because the cooling energy cost saved is higher
than the heating energy cost. The only exception would be in the high mountain zone where a clear
double window outperforms the tinted window.
ARCHITECTURAL SHADING FACTOR
The architectural shading factor is an interesting measure that should be considered in all climates and
can be combined with glass shading coefficient, orientation and fenestration ratio. In the coastal zone,
the economic analysis revealed that the higher the architectural shading factor, the better. Thus the
architectural shading factor must not be selected in the thermal standard based on the economic
return only.
For the western mid-mountain and inland region, the architectural shading factor also makes sense but
the economically optimal size of fins and overhang is more in a reasonable range (architecturally
speaking) and could be applied to reduce the effective fenestration ratio of buildings in most designs.
For the high-mountain region, solar heat gain is beneficial most of the year so the only cost-effective
alternative here lies in moderate overhangs and fins that will just limit the solar heat gain during summer
and will still let most of the solar heat gain in winter get in.
Table 1-28 and Table 1-29 show the recommended EFRreq levels for office and residential buildings,
based on an analysis of different combination scenarios of the above factors.
Table 1-28

Thermal standard requirement for EFRreq – office buildings
CLIMATE

EFRREQ

Coastal

10%

Western mid-mountain

13%

Inland plateau

11%

High mountain

21%
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Table 1-29

Thermal standard requirement for EFRreq – residential buildings
CLIMATE

EFRREQ

Coastal

11%

Western mid-mountain

13%

Inland plateau

11%

High mountain

16%

1.4.3. Energy Savings from the Application of Thermal Standards to New Buildings
1.4.3.1. Assumptions and Approach
Economic and population growth
The “Energy Analysis and Economic Feasibility Study- 2005” (MoPWT, 2005) was built on several
assumptions. A medium economic growth rate was adopted as shown in Table 1-30:
Table 1-30

Economic growth rate during the study periodMedium growth rate scenario
2005 - 2009

2010 - 2019

1.0%

3.0%

The projected population growth rate and the related family size were taken from the official
projections of the National Physical Master Plan for the Lebanese Territories (NPMPLT) (CDR, 2005) as
presented in Table 1-31 and Table 1-32.

Table 1-31

Projected population growth
YEAR

2000

Population

4,052,531

2010
4,606,036

ANNUAL
2020

5,123,557

2030
5,573,398

Source: CDR

Table 1-32

Projected number of households
2020

2030

Family size

4.38

4.20

Total number

1,184,485

1,340,573

Source: CDR

GROWTH RATE
2000 - 2030
0.96%
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Projected Built-up Area of Residential Buildings
The projected number of residential units over a 20-year horizon was also taken from the NPMPLT (Table
1-33). The demolition and replacement of buildings that are over 75 years of age was not considered in
the analysis.
Table 1-33

Projected number of residences
2020

2030

Primary

1,141,295

1,288,741

Secondary

81,484

91,830

Vacant

164,524

148,897

1,367,782

Total

1,529,447

Source: CDR

In order to translate the number of residential units constructed during the study period to square
meters, an average surface area of the residential unit of 140 m2 per residential unit was used in the
study. The resulting annual and total number of primary residential building units that will be constructed
during the study period and the resulting built-up area in m2 are presented in Table 1-34.
Table 1-34

Forecast of the residential building area that
will comply with the Thermal Standards

YEAR

HOUSING NUMBER (UNITS)

HOUSING AREA (M2)

2010

15,648

2,190,788

2015

15,062

2,108,687

2020

14,549

2,036,791

2025

14,153

1,981,354

2029

14,004

1,960,563

Total (2010 to 2029- 20

294,002

41,160,216

years)

Projected Built up Area of Office Buildings
The 1996 survey of the Central Administration of Statistics (CAS) revealed that the number of vacant
office units reached an average of 31% on the national level. Considering this high level of vacancy,
the following assumptions were made about the number and the occupancy of offices built according
to the thermal standards:
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The number of new office units up to 2010 will be considered negligible, and the 3% growth rate will
be applied from 2010 onwards. It will be considered that all new offices constructed after 2010
will meet the thermal standards.
The average surface area per office unit will be considered as 25 m2.
Table 1-35 presents the projection of the growth rate and occupancy of office space during the history
period and for the forecast period. The resulting building area in m2 per climatic zone constructed each
year is also identified in this table, based on which it is expected that the thermal standards will apply to
a projected total constructed built-up area of 1,548,928 m2.
Climatic zones are divided as follows:
Zone 1: Coastal
Zone 2: Western Mid-Mountain
Zone 3: Inland plateau
Zone 4: High mountain.
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Table 1-35
YEAR

ECONOMIC

WORKING

GROWTH
(%)

MOE/UNDP
ENERGY- BUILDING ENVELOPS

Forecast of the office building area that will comply with the thermal standards
NEW

NEW OFFICES

TOTAL NUMBER

EMPTY

AREA (M2) OF OFFICE COMPLYING WITH THE THERMAL

OFFICES

OFFICES

ANNUAL

OF OFFICES

OFFICES

STANDARDS

(UNITS)

RATE (%)

(UNITS)

(UNITS)

(UNITS)
Zone 1

Zone 2

Zone 3

Zone 4

50%

20%

20%

10%

1996

-

188,162

0

0

301,853

113,691

0

0

0

0

1997

4.0

195,688

2

3,763

305,616

109,928

47,038

18,815

18,815

9,408

1998

2.2

199,993

1.1

2,153

307,769

107,775

26,913

10,765

10,765

5,383

1999

1.2

202,393

0.6

1,200

308,969

106,575

15,000

6,000

6,000

3,000

2000

0.4

203,203

0.2

405

309,374

106,170

5,063

2,025

2,025

1,013

2001

0.0

203,203

0

0

309,374

106,170

0

0

0

0

2002

0.0

203,203

0

0

309,374

106,170

0

0

0

0

2003

0.0

203,203

0

0

309,374

106,170

0

0

0

0

2004

1.0

205,235

0

0

309,374

104,138

0

0

0

0

2005

1.0

207,287

0

0

309,374

102,086

0

0

0

0

2006

1.0

209,360

0

0

309,374

100,013

0

0

0

0

2007

1.0

211,454

0

0

309,374

97,919

0

0

0

0

2008

1.0

213,569

0

0

309,374

95,804

0

0

0

0
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YEAR

ECONOMIC

WORKING

GROWTH
(%)

MOE/UNDP
ENERGY- BUILDING ENVELOPS

NEW

NEW OFFICES

TOTAL NUMBER

EMPTY

AREA (M2) OF OFFICE COMPLYING WITH THE THERMAL

OFFICES

OFFICES

ANNUAL

OF OFFICES

OFFICES

STANDARDS

(UNITS)

RATE (%)

(UNITS)

(UNITS)

(UNITS)
Zone 1

Zone 2

Zone 3

Zone 4

50%

20%

20%

10%

2009

3.0

219,976

0

0

309,374

89,397

0

0

0

0

2010

3.0

226,575

0

0

309,374

82,798

0

0

0

0

2011

3.0

233,372

0

0

309,374

76,001

0

0

0

0

2012

3.0

240,373

0

0

309,374

69,000

0

0

0

0

2013

3.0

247,584

0

0

309,374

61,789

0

0

0

0

2014

3.0

255,012

1.5

3,174

313,087

58,075

46,425

18,570

18,570

9,285

2015

3.0

262,662

1.5

3,825

316,913

54,250

47,813

19,125

19,125

9,563

2016

3.0

270,542

1.5

3,940

320,852

50,310

49,250

19,700

19,700

9,850

2017

3.0

278,658

1.5

4,058

324,911

46,252

50,725

20,290

20,290

10,145

2018

3.0

287,018

1.5

4,180

329,090

42,072

52,250

20,900

20,900

10,450

2019

3.0

295,629

1.5

4,305

333,396

37,767

53,813

21,525

21,525

10,763

2020

3.0

304,498

1.5

4,434

337,830

33,333

55,425

22,170

22,170

11,085

2021

3.0

313,633

1.5

4,567

342,398

28,766

57,088

22,835

22,835

11,418

2022

3.0

323,042

1.5

4,704

347,102

24,062

58,800

23,520

23,520

11,760
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YEAR

ECONOMIC

WORKING

GROWTH
(%)

MOE/UNDP
ENERGY- BUILDING ENVELOPS

NEW

NEW OFFICES

TOTAL NUMBER

EMPTY

AREA (M2) OF OFFICE COMPLYING WITH THE THERMAL

OFFICES

OFFICES

ANNUAL

OF OFFICES

OFFICES

STANDARDS

(UNITS)

RATE (%)

(UNITS)

(UNITS)

(UNITS)
Zone 1

Zone 2

Zone 3

Zone 4

50%

20%

20%

10%

2023

3.0

332,733

3.0

4,846

351,948

24,062

60,575

24,230

24,230

12,115

2024

3.0

342,715

3.0

4,846

351,948

24,062

60,575

24,230

24,230

12,115

2025

3.0

352,996

3.0

4,846

351,948

24,062

60,575

24,230

24,230

12,115

2026

3.0

363,586

3.0

4,846

351,948

24,062

60,575

24,230

24,230

12,115

2027

3.0

374,494

3.0

4,846

351,948

24,062

60,575

24,230

24,230

12,115

2028

3.0

385,729

3.0

4,846

351,948

24,062

60,575

24,230

24,230

12,115

2029

3.0

397,301

3.0

4,846

351,948

24,062

60,575

24,230

24,230

12,115

Total (2010 to 2029 – 20 years)

79,170

895,614

358,245

358,245

179,124

1,791,228 m2
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1.4.3.2. Projected reduction in energy consumption
The potential impact of the application of Lebanese Thermal Standards for Buildings (LTSB) on energy
consumption was calculated by deriving the following numbers:
= Difference in annual specific energy consumption (GJ/m2 of floor area) that each category

Di

(i) of building upgraded to the corresponding recommended level in the LTSB in each climatic zone (k)
will consume (compared to a base case building of the same configuration);
Aik1

= Floor area (m2) by building category (i) of new buildings constructed in climatic zone (k) in

year 1 since the implementation of the LTSB;
= Potential energy savings at the end of year 1 can then be calculated using the following

P1
formula:

P1 = ∑{∑ Di × Aik1 }
k

P2

= Potential energy savings at end of year 2;

Aik2

= Floor area of new buildings by building class (i) built during year 2;

P2 = P1 + ∑{∑ Di × Aik 2 }
k

i

P2 was summed over all building classes and over all climatic regions built in the second year. The same
was applied for subsequent years.

1.4.3.3. Results: Energy Savings and Associated Costs
Energy savings in Office Buildings
The results of the economic analysis of various improvements in thermal transmission levels of walls,
windows and roofs indicate that there would be substantial savings in requiring new buildings and
building expansions to comply with the optimum levels of thermal insulation. The savings per m2 of floor
area between base office buildings and similar buildings complying with the thermal standard were
calculated from model studies. By subtracting the energy budget per unit of floor area between the
base building and the compliant building, the net annual savings per unit of floor area are obtained
(Table 1-36).
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Table 1-36

Base case building

Energy

energy usage

savings

GJ

Coastal

Annual base case office building energy consumption per m2
and savings for heating and cooling

GJ/m2

Energy savings with the Thermal Standards
Total

%

GJ

Heating

GJ/m2

GJ

Cooling

GJ/m2

GJ

GJ/m2

437

0.228

9.8%

43

0.022

16.7

0.0087

26.0

0.0135

mid-

540

0.281

22.4%

121

0.063

119.0

0.0620

2.5

0.0013

Inland plateau

794

0.414

46.5%

369

0.172

368.9

0.1921

6.1

0.0032

High mountain

1,242

0.647

56.7%

704

0.367

686.0

0.3573

1.8

0.0009

Western
mountain

From Table 1-36 , it is obvious that the coastal region is the one where the potential is the least
important. This is understandable as this is the zone where there is a lower set of measures for the
improvement of thermal transmittance that are cost effective. The main characteristic of buildings that
can be improved in this case is the solar radiation reduction but there are practical limits that have to
be considered in this case to avoid putting too much restriction on the architectural expression. The
overall result for the Coastal zone is a lower potential. For the Cedars (high mountain), the climate is the
coldest and the one where the largest improvement in thermal transmittance is possible. Thus a very
high potential of improvement exists which translates into a 56.7% of improvement. The two other
regions fall in between. The Inland Plateau zone, which has larger temperature amplitudes, has a
higher potential than the Western mid-mountain.
The application of the above figures to the projected built-up area which will be constructed in the
future and which will comply with the thermal standards yields the following projections of energy
savings caused by the thermal standards application (Table 1-37 and Table 1-38). Total savings from this
sector amount to 1,432,727 GJ.
Table 1-37
YEAR

Projected cumulative office built-up area (2010-2029)
AREA OF OFFICES COMPLYING WITH THE THERMAL STANDARDS

Zone 1
50%
Yearly
(m3)

Cumulative
(m3)

Zone 2
50%
Yearly
(m3)

Cumulative
(m3)

Zone 3
50%
Yearly
(m3)

Cumulative
(m3)

Zone 4
50%
Yearly
(m3)

Cumulative
(m3)

2010

0

0

0

0

0

0

0

0

2011

0

0

0

0

0

0

0

0

2012

0

0

0

0

0

0

0

0

2013

0

0

0

0

0

0

0

0
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YEAR

AREA OF OFFICES COMPLYING WITH THE THERMAL STANDARDS

Zone 1
50%
Yearly
(m3)

Cumulative
(m3)

Zone 2
50%
Yearly
(m3)

Cumulative
(m3)

Zone 3
50%
Yearly
(m3)

Cumulative
(m3)

Zone 4
50%
Yearly
(m3)

Cumulative
(m3)

2014

46,425

46,425

18,570

18,570

18,570

18,570

9,285

9,285

2015

47,813

94,238

19,125

37,695

19,125

37,695

9,563

18,848

2016

49,250

143,488

19,700

57,395

19,700

57,395

9,850

28,689

2017

50,725

194,213

20,290

77,685

20,290

77,685

10,145

38,843

2018

52,250

246,463

20,900

98,585

20,900

98,585

10,450

49,293

2019

53,813

300,276

21,525

120,110

21,525

120,110

10,763

60,056

2020

55,425

355,701

22,170

142,280

22,170

142,280

11,085

71,141

2021

57,088

412,789

22,835

165,115

22,835

165,115

11,418

82,559

2022

58,800

471,589

23,520

188,635

23,520

188,635

11,760

94,319

2023

60,575

532,164

24,230

212,865

24,230

212,865

12,115

106,434

2024

60,575

592,739

24,230

237,095

24,230

237,095

12,115

118,549

2025

60,575

653,314

24,230

261,325

24,230

261,325

12,115

130,664

2026

60,575

713,889

24,230

285,555

24,230

285,555

12,115

142,779

2027

60,575

774,464

24,230

309,785

24,230

309,785

12,115

154,894

2028

60,575

835,039

24,230

334,015

24,230

334,015

12,115

167,009

2029

60,575

895,614

24,230

358,245

24,230

358,245

12,115

179,124

Total
(m2)

895,614

7,262,405

358,245

2,904,955

358,245

2,904,955

179,124

1,452,495
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Table 1-38

Projected energy savings from office buildings (2010-2029)

CLIMATIC

DISTRIBUTION

CUMULATI

ZONE

OF

VE M2 PER

HEATING SAVINGS

COOLING SAVINGS

PROJECTED
ENERGY

PROJECTED

ZONE 2010

SAVINGS

BUILT UP

- 2029

PER ZONE

AREA (%)

(GJ)
GJ/m2

GJ

GJ/m2

GJ

Coastal

50%

7,262,405

0.0087

63,183

0.0135

98,042

161,225

Western

20%

2,904,955

0.0620

180,107

0.0013

3,776

183,883

20%

2,904,955

0.1921

558,041

0.0032

9,295

567,336

10%

1,452,495

0.3573

518,976

0.0009

1,307

520,283

midmountain
Inland
plateau
High
mountain
1,320,307

Projected energy savings by type (GJ)

112,420
1,432,727

Total projected energy savings (GJ)

Energy Savings in Residential Buildings
Following the same reasoning, the results in Table 1-39 to Table 1-41 are obtained, for a total saving of
63,354,468 GJ from the application of thermal standards in new residential buildings.
Table 1-39

Annual base case residential building energy consumption per m2
and savings for heating and cooling

CLIMATIC

BASE CASE

ENERGY

ZONE

BUILDING ENERGY

SAVINGS

ENERGY SAVINGS WITH THE THERMAL STANDARDS

USAGE
Total
GJ

GJ/m2

%

GJ

Heating

GJ/m2

%

Cooling
GJ

GJ/m2

%

Coastal

341

0.245

12.8

44

0.031

8.8

0.0063

35.0

0.0251

Western

501

0.359

42.8

215

0.154

202.0

0.1449

12.5

0.0089

683

0.490

44.7

305

0.219

276.9

0.1986

28.3

0.0203

midmountain
Inland
plateau

1-68

VULNERABILITY, ADAPTATION AND MITIGATION CHAPTERS OF LEBANON’S SECOND NATIONAL COMMUNICATION
MOE/UNDP
MITIGATION ASSESSMENT
ENERGY- BUILDING ENVELOPS
High

1,283

0.921

58.0

745

0.534

743.2

0.5331

1.7

0.0012

mountain

Table 1-40
YEAR

Projected cumulative residential built up area (2010-2029)
AREA OF RESIDENTIAL BUILDINGS COMPLYING WITH THE
THERMAL STANDARDS
YEARLY (M2)

CUMULATIVE (M2)

2010

2,190,788

2,190,788

2011

2,184,019

4,374,806

2012

2,161,705

6,536,511

2013

2,155,746

8,692,257

2014

2,162,598

10,854,855

2015

2,108,687

12,963,542

2016

2,078,897

15,042,439

2017

2,078,699

17,121,138

2018

2,060,363

19,181,501

2019

2,061,130

21,242,631

2020

2,036,791

23,279,421

2021

2,019,407

25,298,829

2022

2,021,612

27,320,441

2023

2,010,290

29,330,731

2024

2,007,031

31,337,762

2025

1,981,354

33,319,116

2026

1,961,849

35,280,965

2027

1,963,599

37,244,565

2028

1,955,089

39,199,653

2029

1,960,563

41,160,216
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YEAR

AREA OF RESIDENTIAL BUILDINGS COMPLYING WITH THE
THERMAL STANDARDS
YEARLY (M2)

Total (m2)

Table 1-41

41,160,216

CUMULATIVE (M2)
440,972,169

Projected energy savings from residential buildings (2010-2029)

CLIMATIC

DISTRIBUTION

CUMULATIVE

ZONE

OF

M2 PER ZONE

HEATING SAVINGS

COOLING SAVINGS

ENERGY

PROJECTED

2010 - 2029

SAVINGS PER

BUILT UP

PROJECTED

ZONE (GJ)

AREA (%)
GJ/m2

GJ

GJ/m2

GJ

Coastal

50%

220,486,084

0.0063

1,389,062

0.0251

5,534,200

6,923,262

Western

20%

88,194,433

0.1449

12,779,373

0.0089

784,930

13,564,303

20%

88,194,433

0.1986

17,515,414

0.0203

1,790,347

19,305,761

10%

44,097,217

0.5331

23,508,226

0.0012

52,916

23,561,142

midmountain
Inland
plateau
High
mountain
Projected energy savings by type (GJ)

55,192,075

8,162,393

Total projected energy savings (GJ)

63,354,468

Summary of the Energy Saving Results and Costs
Over a 20 year period (2010-2029), the Thermal Standards for Buildings in Lebanon can generate a
reduction in energy use at building input consisting of around 56 million GJ of avoided heating energy
and around 8 million GJ of avoided cooling energy, as summarized in Table 1-42.
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Table 1-42

BUILDING CATEGORY

Summary of the energy savings at building input

Heating savings (GJ)

Cooling savings (GJ)

Energy savings (GJ)

Residential

55,192,075

8,162,393

63,354,468

Offices

1,320,307

112,420

1,432,727

56,512,382

Total

8,274,813

64,787,195

The environmental benefits include the avoidance of around 7 million tonnes of CO2 over 20 years
(Table 1-43), i.e., around 343,500 tonnes of CO2 per year.
Table 1-43
ENERGY TYPE

Projected avoided CO2 emissions (2010-2029)
ENERGY IN GJ

ENERGY IN MTOE

MILLION TONS OF
CO2 EMISSIONS

Cooling energy

Electricity

8,274,813

0.18

1.75

Heating energy

Electricity

5,651,238

0.12

1.16

Diesel oil/ Gas

45,209,906

1.00

3.34

Wood

5,651,238

0.13

0.62

Total

64,787,195

1.43

6.87

However, it is important to note that the CO2 emissions related to electricity were calculated using the
electricity supply mix of 2005, which was merely fuel-based (the introduction of natural gas started at
the end of 2009), and which results in the emissions of 780g of CO2 for every kWh of electricity. Any
change in the fuel mix affects emission rates. For instance, if the Electricity Mitigation plan (Section 0) is
implemented, emissions per kWh will be considerably reduced.
Another important factor that affects the results is that Thermal Building Standards are still being
reviewed and have not become mandatory in 2010, and therefore the emissions reduction estimated
in the “Energy Analysis and Economic Feasibility Study” (MoPWT, 2005) are overestimated. It is expected
that these standards will not become mandatory before 2012.
However, the application decree for the Construction Law (Decree 15874/2005) stipulates that
sunshades as well as stone/ wood/ metal cladding of outer walls are not accounted for in the
computation of the surface area ratio (SAR), nor in the floor area ratio, provided that the outer walls’
thickness does not exceed 15 cm. Moreover, in buildings with double walls, the surface of outer walls
(including the thickness of walls and parts of columns falling within outer walls, but excluding the
thickness of stone cladding) with a thickness between 22 cm and 35 cm is not accounted for in the
computation of the two ratios mentioned above either. The void between the two walls should be at
least 3 cm wide, and the thickness of the outer wall at least 10 cm. The former value can be reduced to
2 cm for buildings permitted before the enactment of this decree. In case the building is located at an
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altitude above 700 m, insulation material must be used between both walls. Outer doors and windows
must also be double glazed. Decree 617/2007, which amends Decree 15874/2005, further specifies that
the thickness of double glazed windows depends on the thickness of the double walls containing these
windows; whereas the ratio of double walls surface to double glazed windows surface is the building
owner’s choice. These legislative texts provide an incentive for thermal insulation in new buildings, but
remain optional.
As for the cost of the reduction in GHG emissions from thermal insulation of buildings, the associated
economic savings vary in magnitude depending on the price of fuel and diesel oil. Average
estimations from the study indicated savings in the range of 500 million USD in 2005. Based on the rise in
fuel prices between 2005 and 2008 (peak price) and on the inflation and rise in construction costs
during this same period, this figure should be inflated to reflect current prices. The price projections
adopted in the “Energy Analysis and Economic Feasibility Study” for crude oil and diesel oil over the
next 20 years (in constant dollars) are presented in Table 1-44. Three scenarios were developed with
different costs of energy in USD per barrel for crude oil and in USD per liter for diesel oil. On one hand, oil
price rose drastically to 97 USD/barrel in 2008 (MoF, 2010), and is not likely to decline below 70
USD/barrel by 2030. On the other hand, construction costs have also risen but at a much lower rate
than oil price. Thus, the actual value of savings from the application of thermal standards for buildings
can be assumed to be at least 1 billion USD per year.
Table 1-44
ALTERNATIVE

Crude Oil and Diesel Oil 20-year price forecast assumptions of the study
PRICE (USD 2002/BARREL)

REMARKS

Crude oil

Low

20.452

Base

25.565

High

30.678

+ 20% from the base case

Low

0.24

20% lower than the base case

Base

0.30

High

0.36

- 20% from the base case

Diesel oil

20% higher than the base case

In conclusion, the energy savings estimated come from cost effective measures and highlight the
positive impacts of the application of the thermal standards for buildings in Lebanon.

1.4.4. The Case of Existing Buildings
Regarding existing buildings, which represent the largest stock of buildings at any point in time, an
Energy Performance Index (EPI) can be assigned to each building based on an assessment of its
thermal performance. A development scheme can be put forward based on such an assessment with
the aim of retrofitting existing buildings to improve their thermal performance.
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However, such a scheme would carry considerably high costs – higher than applying the standards to
new buildings, and could only be effectively implemented if financing schemes and incentives are
provided to the building owners.
Technically, and from a practical point of view, retrofitting of walls, roofs and windows is more difficult
to implement in existing buildings compared to newly developed ones, especially that the building
sector in Lebanon is characterized mostly by multiple storey facilities and not just individual homes.
However, there are direct steps that could be implemented easily such as changing single glazing in all
south west facades to double glazing, or alternatively installing a special window film.
The assessment of energy savings from retrofitting existing buildings and associated costs requires a
comprehensive study similar to the “Energy Analysis and Economic Feasibility Study- 2005”. It is not an
understatement though to claim that tackling the existing building stock is a crucial step for Lebanon’s
goal of cutting GHG emissions from its building sector.

1.4.5. Mitigation Strategy
Table 1-45 and Table 1-46 below present the mitigation strategy for the Buildings sector, as well as the
constraints associated with its implementation. It should be noted that the indicative budget is a rough
estimate based on expert judgment, and should be refined on the ground at the time of
implementation of measures.
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Table 1-45
OBJECTIVE

PROPOSED

MOE/UNDP
ENERGY- BUILDING ENVELOPS

Mitigation Action Plan for the Buildings Sector

ACTIVITIES

RESPONSIBILITY

MITIGATION

PRIORITY

INDICATIVE

SOURCES OF FINANCING/

(ST/ MT/ LT)

BUDGET

IMPLEMENTATION PARTNERS

STRATEGY

Reduce
levels

emission
from

buildings sector

the

Improve

building

(USD)

Develop an Energy

envelopes thermal

Performance Index (EPI) for

characteristics

existing buildings in order to

DGUP

MT

of thermal

Municipalities

classify them.

LCEC

Retrofit existing buildings with

LGBC

building
standards
LT

low EPI to improve their

GEF
IFC

to new
buildings:

$100/m2.

Enforce the application of

buildings.

EIB

around

thermal characteristics

thermal standards to new

Application

ST

Retrofitting
existing
buildings:
around
$125-150/
m2.
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Table 1-46

Constraints to the implementation of mitigation measures

MITIGATION STRATEGY

CONSTRAINTS/ GAPS
LEGAL/ POLICY

Improve building envelopes
thermal characteristics

MOE/UNDP
ENERGY- BUILDING ENVELOPS

Thermal

INSTITUTIONAL

CAPACITY AND

DATA/ INFORMATION

AWARENESS

GAPS

Higher cost of building

Lack of awareness

Standards for

insulation techniques

with respect to

Buildings

compared to conventional

thermal standards,

developed in

building materials.

energy conservation

2005 still not
mandated.

None

TECHNICAL/ENVIRONMENTAL

Technical difficulty and
higher cost of retrofitting

Limited energy data
for the buildings
sector, including EPI.

and associated
benefits.

Limited incentives

existing buildings as

Insufficient know-how

to promote the

compared to new buildings.

in the field of energy-

application of

efficient building

thermal standards

materials and

for buildings.

techniques.
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