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Glossary 

AGP Arab Gas Pipeline, which runs from Egypt offshore to Aqaba in Jordan,  
then north to Syria – a spur supplies gas to Beddawi in north Lebanon 

bbl Barrels 
BSCFD Billion standard cubic feet per day 
¢/kWh US cents per kilowatt hour 
CAPEX Capital expenditure 
CCGT combined cycle gas turbine 
COS Cost of service 
DES Delivered Ex Ship 
DO Distillate Oil, also known as gasoil or diesel 
EDL Electricité du Liban 
FEED Front End Engineering and Design 
FID Final Investment Decision 
FOB Free On Board 
FSRU Floating storage and regasification unit 
GDP Gross Domestic Product 
GoL Government of Lebanon 
GT Gas turbine 
GWh Gigawatt hour, unit of energy 
HFO Heavy Fuel Oil 
HHV Higher Heating Value 
JCC Japan custom-cleared crude (Japan Crude Cocktail) 
LHV Lower Heating Value 
LNG Liquefied Natural Gas 
LNGRV Liquefied natural gas regasification vessel 
MENA Middle East, North Africa 
Mm3/ y Million cubic meters per day 
MMBtu Million British thermal units 
MMt/y Million tonnes per year  
MW Megawatt 
NPV Net Present Value 
OCGT open cycle gas turbine 
ROW Rights of Way 
SPA Sale and Purchase Agreement 
STL Submerged turret loading 
STS Ship to ship 
te Metric tonnes (1te = 1000kg) 
ToP Take or Pay 
Approximate conversion factors: 
1 MMt of LNG = 1.38 Bcm of gas 
1 MMt of LNG = 48.7 Bcf of gas 
1 BSCFD of gas = 7.5 MMt/y of LNG
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Executive Summary 
 
Poten & Partners undertook this study for the World 
Bank to provide preliminary recommendations on the 
development of LNG supply to Lebanon, taking into 
account the projected global market conditions and 
current import terminal technologies. This report is not 
a pre-feasibility study for LNG or a fuel/electricity 
generation master plan.  If Lebanon decides to pursue a 
certain LNG import option, an in-depth technical and 
commercial feasibility studies will be required to confirm 
viability. 
 
High cost and inadequate generation capacity has driven 
Lebanon’s electricity sector to a state of crisis.  LNG can 
offer important relief in the medium to longer term by: 
 

1. Significantly reducing generation cost at the 
southern Zahrani combined cycle gas turbine 
(CCGT) power station by displacing distillate oil (DO) 

2. Creating the option to fuel CCGT generation capacity expansion in the South. 
 

Beddawi CCGT in north Lebanon is being supplied with natural gas from Egypt via the Arab 
Gas Pipeline (AGP) and Gasyle 1 pipeline.  We believe that it will be expensive to pipeline gas 
from here to the south of Lebanon and we also understand that gas volumes from the AGP 
will be limited.  We have therefore focused our analysis on LNG supply to Zahrani.  We 
developed a generic electricity model to calculate fuel consumption by plant using a low case 
(average 2.2% per annum) and high case (average 4.3% per annum) electricity demand 
growth.  This range accommodates various other studies’ assumptions on growth, including 
EDF’s and Decon’s.  The resulting LNG demand for Zahrani is 1.5 MMt/y (2.1 Bcm/y) for the 
low case and 2 MMt/y (2.80 Bcm/y) for the high case by 2020. 
 
Current LNG market conditions provide opportunity for Lebanon to secure LNG supply 
Lebanon faces favorable LNG market conditions in the next few years.  From 2009 to 2013, 
more than 80 MMt/y of new supply (47% of 2008 LNG trade) is projected to reach the market, 
all from projects currently under construction.   

 The Middle East, North Africa (MENA) region stands out as the best sources to 
supply Lebanon, as it adds around 55 MMt/y of destination flexible LNG.   

 Key countries to pursue are Algeria, Qatar, Yemen and Egypt as they include 
experienced players in the LNG trade with available supply.   

 Lebanon should move quickly to secure LNG supply, as we project a return to a more 
balanced LNG market by 2014.  In the current surplus market conditions, Lebanon 
could secure long term prices of around $7/MMBtu Delivered Ex-Ship 1  (DES) 
(assuming oil prices of around $65/bbl).  

 Lebanon does not have to pay an additional country-specific risk premium.  Suppliers 
will however insist on a Take or Pay (ToP) agreement with a creditworthy entity.  
Electricite Du Liban (EDL) on its own will not qualify as a creditworthy LNG buyer.  
Suppliers will require additional government guarantee and perhaps a World Bank 
partial-risk guarantee. 

                                                     
1 Seller delivers LNG to buyer at an agreed port of arrival.  The seller remains responsible for the LNG 
until it is delivered 

Lebanon Generation SitesLebanon Generation Sites

Gasyle 1 pipeline

Lebanon Generation SitesLebanon Generation Sites

Gasyle 1 pipeline
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Offshore regas technology could be best for Zahrani site 
The main constraints at the Zahrani site are the lack of port infrastructure and the shallow 
water depth.  A conventional onshore terminal or a jetty-docked Floating Storage and 
Regasification Unit (FSRU) could require up to a three mile (around 5 kilometers) long jetty 
to reach adequate water depth.     

 Upfront capital cost estimate is therefore the highest for the onshore conventional 
terminal (around $550 million) and the FSRU adjacent to berth (around $200 
million).  It is the lowest for the permanently moored offshore FSRU with ship to 
ship LNG transfer (around $70 million). Such an FSRU is designed to moor offshore 
and be linked to the coast by a subsea gas pipeline, avoiding the costly port and jetty 
construction required for the other competing technologies. 

 Upfront capital cost for the various offshore regas options do not include the 
purchase or conversion of the regasification vessels, which are typically chartered and 
not purchased outright.  Regas vessel charter rates could be in the $90,000- 
$120,000/day range depending on shipping market conditions and specific 
technology requirements.  A credit worthy charter will be required. 

 In a levelized breakeven cost comparison that includes the chartering of regas vessels, 
the permanently moored offshore FSRU option (cost $0.55/MMBtu) is still cheaper 
than the onshore terminal (cost $1.00/MMBtu).   

 Construction timeline is more favorable for the FSRU solution (0.5 to 2 years) than a 
conventional terminal (2.5 to 4 years), allowing Lebanon to take advantage of current 
favorable short term LNG market conditions. 

 Various offshore LNG regasification technologies have been successfully 
implemented in a number of different environments.  Today there are around ten 
such schemes worldwide.  However site specific viability will always be dependent on 
a full feasibility study and appropriate design.  Variants of the permanently moored 
LNG FSRU with ship-to-sip (STS) transfer technology is currently under 
development for Italy and Dubai, but is not yet in operational use.  Both terminals are 
scheduled for start-up in 2011.  

 
Economics of LNG imports work for Zahrani 
LNG supply at Zahrani is economically justified solely on the displacement of DO as its 
primary fuel supply.  

 Implementing an FSRU LNG solution at Zahrani could result in $75-$80 million/year 
total saving, IRR of more than 90% and investment payback in one to two years.  

 Longer term, expanding Zahrani can be a good proposition, given LNG’s comparable 
life cycle generation costs to coal without the environmental drawbacks.   

 
The way forward before Final Investment Decision (FID) by July 2011  
LNG is a complex and capital intensive trade.  Suppliers will only commit volumes to strong 
creditworthy buyers with advanced import plans.  Before reaching FID, Lebanon should 
undertake a number of steps to establish technical and commercial feasibility of an LNG 
solution at Zahrani and approach potential suppliers and/or developers. 

 Site specific feasibility study to determine project viability.  This would establish the 
project’s basic parameters including technology, initial design capacity, cost, and 
schedule.  This initial technical definition would be used for the subsequent 
engineering which may include a Front End Engineering and Design (FEED) study.   

 Finalize 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. 

 Finalize a long term LNG supply procurement strategy.     
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Introduction 
The Lebanese electricity sector is in a state of crisis.  It is currently unable to supply the 
country with needed reliable power, and is a major contributor to the country’s current 
budget deficit, as the Lebanese government heavily subsidizes state utility EDL.  The deficit at 
EDL is estimated at US$1.2 billion yearly.  Several solutions have been proposed to improve 
the electricity supply situation, including natural gas and LNG.     
 
The potential for LNG imports to Lebanon has been studied extensively over the past 10 to 15 
years.  While many of the studies indicate the possible viability of this option, no LNG 
imports have materialized.  Poten & Partners undertook this study for the World Bank to 
provide preliminary recommendations on the development of LNG supply to Lebanon, taking 
into account the projected market conditions and available technology.  
 
1. Objective 

This report focuses on a supply-market assessment of LNG for Lebanon, and technical 
viability for small volume supply.  This report is not a pre-feasibility level study for LNG, or a 
fuel/generation master plan.  It also needs to be understood in the context of other reports on 
fuel and power generation development in Lebanon.  If Lebanon decides to pursue a certain 
LNG import option, further engineering analysis and in-depth feasibility studies will be 
required to establish technical and commercial viability. 
 
The objective of this study is to provide further clarification in key LNG related areas by: 
 

 Determining the availability of LNG supply to Lebanon from LNG markets and assess 
supply risks associated with these markets 

 Highlight the potential development of LNG as an alternate supply of natural gas for 
Lebanon, and raise the profile of this option amongst key decision makers 

 In conjunction with other ongoing studies, assess the viability of LNG with respect to 
other potential sources of fuel for power generation, and provide recommendations 
on LNG infrastructure development for supply to the Lebanese gas market. 

 
2. Context  

Lebanon’s energy sector is in a state of crisis: 
 

 Electricity supply is far from being able to meet demand, resulting in widespread 
blackouts; 

 Lack of gas supply means that existing CCGT power stations burn expensive DO – 
resulting in significant fiscal burden to the government; 

 Investment in more affordable fuel supply and related power generation is imperative. 
 
Lebanon’s electricity sector faces serious short and long term challenges and the country 
needs immediate additional generating capacity.  In 2007, the country’s power plants supplied 
an estimated 10,500 GWh, while requirements exceeded 13,000 GWh resulting in widespread 
blackouts.  Without additional capacity, the situation will deteriorate further as demand could 
reach close to 17,000 GWh by 2015 and up to 20,000 GWh by 2020.  Currently four power 
plants generate most of Lebanon’s electricity.  There are two relatively modern 435 MW 
CCGT plants located at Beddawi and Zahrani that burn DO in the absence of potentially 
cheaper natural gas.  The Beddawi station finally started receiving Egyptian natural gas 
through the Arab Gas Pipeline (AGP) in October 2009. The other two plants in Jieh and Zouk 
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are older, less efficient conventional steam facilities built in 1972 and 1984 respectively that 
burn heavy fuel oil.  The main driver behind the push for natural gas imports in Lebanon has 
been for the development of gas fired power generation.   
 
3. Methodology 

Poten analyzed the viability of LNG supply to Lebanon from three main perspectives: 
 

 Market viability:  What are the likely LNG supply sources and the terms and 
conditions upon which Lebanon could expect to secure LNG supply contracts; 

 Technical viability:  Are applicable technical solutions available for the low volume 
gas market that Lebanon represents?  

 Commercial viability: Does LNG make economic sense considering alternative fuel 
sources for power? 

 
To meet these objectives Poten undertook the following steps: 

 Step 1: Analysis of prospective electricity and natural gas demand in Lebanon – Poten 
first constructed a model to calculate the potential natural gas demand for the power 
sector under different demand and generation scenarios.  A base case generation 
scenario was developed and natural gas requirements calculated for a range of 
demand scenarios.  

 Step 2: Analysis of global LNG market, supply availability, potential terms of supply 
and pricing. Poten conducted a detailed analysis of the LNG demand in competing 
markets to Lebanon in order to determine availability of LNG in the global markets.  
Poten determined supply availability from key potential sources, focusing on the 
MENA region. Poten also analyzed potential risks to LNG deliveries and possible 
mitigation measures.   

 Step 3: Analysis of viable technology and likely cost of developing gas receiving 
facilities.  Poten considered various LNG import technologies available to Lebanon 
today, taking into account the potential small LNG demand in Lebanon, timing of 
import terminal development, and market conditions. 

 Step 4: Development of conclusions on viability and likely lifecycle cost of LNG 
supply to Lebanon.  Poten compared life cycle generation cost of CCGT plants fuelled 
by LNG with other competing power generation alternatives, including coal and 
diesel. 

 Step 5: Development of recommendations. 
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Lebanon Gas Market Assessment 

1. Assumptions 

The potential for natural gas use in Lebanon is mainly driven by power generation.  We have 
therefore focused our analysis of the potential market for LNG on the Lebanese electricity 
market.  We developed a model to calculate fuel consumption by plant for the period 2012-
2030 on the basis of the relevant fuel price, installed capacity, efficiency and availability for 
each power plant (according to the assumptions listed below), demand forecast and a load 
duration curve for each year (N.B. the model does not produce a least cost generation 
expansion plan). The load duration curve is generic, based on typical curves for a south 
Mediterranean country, modified to match forecast peak demand and energy for Lebanon.   
Our base case generation scenario is based on the following assumptions: 

 Beddawi CCGT in north Lebanon will be supplied with natural gas from Egypt via 
the Arab Gas Pipeline (AGP) and Gasyle 1 pipeline 

 LNG from an offshore regasification terminal is available for Zahrani in 2012  
 Zahrani CCGT will switch from DO to regasified LNG in 2012 
 600 MW of dual-fuel reciprocating engines are installed by 2011 as a rapid response 

to power shortages as per Decon’s recommendations – we have assumed 300 MW in 
the south fuelled by natural gas, and 300 MW in the north fuelled by Heavy Fuel Oil 
(HFO) 

 Jieh and Zouk, both conventional steam turbine stations burning HFO, are shut down 
in 2014 and 2024 respectively 

 We have assumed zero net electricity imports via the interconnection with Syria; its 
main purpose would be to provide mutual system support 

 New 445 MW CCGTs are installed at Zahrani and Beddawi in 2014 and 2015, 
burning LNG and Egyptian gas respectively 

 Further generation additions to meet demand would be split equally between north 
and south to avoid power transmission constraints. CCGTs in the south would be 
fuelled by LNG; combined cycle and/or open cycle gas turbines in the north would be 
fuelled by DO2 

 
Our assumptions for plant performance are set out in the table on the following page. 

Plant performance assumptions 

Parameter Existing plant Reciprocating 
engines 

Future CCGT 

Installed capacity 600 MW 450 MW plants, 
installed as required 
to meet demand plus 
a margin 

Efficiency (LHV 
basis3) 

Historical performance 

Data source: Base Year 
Data Report issued by 
Azorom, BCEOM, ACE in 
December 2007 46.9 percent 52 percent 

                                                     
2 It is assumed that there would be sufficient pipeline gas for only the existing Beddawi plant and an 
expansion on the same site. Any other plant choice (other than coal) would have a higher fuel cost than 
LNG and would not affect LNG consumption. 
3 based on net output and the Lower Heating Value of the fuel 
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Parameter Existing plant Reciprocating 
engines 

Future CCGT 

Average Annual 
Availability 

90 percent 90 percent 

 

To simplify the model, we used a single set of fuel prices based on Decon’s low case forecast 
from the May 2009 final draft report “D3 REPORT ON TASK B3: Formulation of Medium and 
Long Term Fuel Sourcing Strategy”, which reflected market conditions as of May 2009.  The 
$7.00/MMBtu figure for LNG reflects our market view, and matches Decon’s assumption 
within the same scenario.  Finally, we assumed an AGP gas price to Beddawi at a 20% 
discount to LNG.   
 

Fuel price assumptions  

Fuel Price Fuel Price 

HFO $330/te LNG $7/MMBtu 

DO $587/te Gas via AGP $5.65/MMBtu 

 
The fuel prices were used to determine a merit order ranking (see chart below), which is the 
basis for matching supply to demand and hence calculating fuel consumption. The results of 
LNG consumption by this method are valid for LNG prices in the range $6.70/MMBtu to 
$8.10/MMBtu.  

Variable generation costs (fuel) in merit order 

0 20 40 60 80 100 120 140 160 180 200

Hydro, wind

Beddawi expansion

Beddawi

Generic CCGT (S)

Zahrani expansion

Short term reciprocating (S)

Zahrani

Short term reciprocating (N)

Zouk

Generic CCGT (N)

Jieh

GTs

$/MWh

DO

HFO

LNG

Egyptian gas

 

The chart below for year 2022 illustrates how the merit order stacks up against the load 
duration curve. The plants with the highest costs (GTs and DO-fuelled CCGT) run only when 
demand is greatest (less than 800 hours in the year), those with lower costs run more often. 
Hydro, wind, Beddawi, new generic CCGT in the south, Zahrani expansion and the gas-
fuelled reciprocating engines would all be expected to run at or near base load in 2022.  
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Merit order - operating hours
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Note Beddawi includes a second unit at the site (Beddawi expansion), which occupies the adjacent merit order position – 
the two have been combined to simplify the chart. 

2. Electricity demand 

We calculated LNG demand for low and high electricity demand scenarios, which follow 
EDF’s Base Case and High Case respectively (taken from EDF’s draft Generation Master Plan 
Report issued May 2008). The chart below compares them with EDF’s low case scenario and 
Decon’s mid scenario. 

Electricity Demand Forecasts

0

10 000

20 000

30 000

40 000

2007 2012 2017 2022 2027

G
W

h

POTEN HIGH CASE
= EDF High Case

Decon Mid Case

POTEN LOW CASE
= EDF Base Case

EDF Low Case

High case average growth 4.3%/y

Low case average growth 2.2%/y

 

The average annual growth rates forecast by EDF could be regarded as conservative compared 
with forecast growth in other countries in the region (see table below), especially considering 
GDP growth in Lebanon of 7 % for 2009. 
 

Average annual growth rates for electricity demand 

Lebanon EDF: 2.2 %/y (low), 4.3 %/y (high) 

Jordan 6.4 %/y 

Egypt 7.0 %/y 
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The forecasts for peak demand drive the calculation of when new capacity will be required, as 
illustrated in the charts on the following page. 

Installed Capacity – Scenario Assumptions 

Low Case Demand 

0
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2 - Base Case Scenario: LNG in S, 
pipeline gas in N at Beddawi only

High Case Demand 

0
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M
W

DO

HFO

LNG

Gas

Hydro + wind

Pk demand

2 - Base Case Scenario: LNG in S, 
pipeline gas in N at Beddawi only

Installed capacity in 2020 would reach 3,930 MW under low case demand, 4,820 MW under 
the high case demand, including 1,335 MW and 2,225 MW of CCGT respectively.  

3. Gas Demand 

In its June 2004 Hydrocarbon Strategy Study, the World Bank estimated that potential 
industrial demand in Lebanon would reach 2.40 MMcm/d by 2015 (around 0.5 MMt/y of 
LNG) and 2.87 MMcm/d by 2020 (0.6 MMt/y of LNG) while commercial and residential 
demand was expected to be minimal.  We estimate the industrial, commercial and residential 
gas demand in Lebanon remains a distant prospect.  Pipelines need to be built to connect the 
LNG import terminal with major demand centers and a new, extensive grid developed in 
order for natural gas to reach domestic and industrial users in and around the Beirut area.  
This would be a very difficult, lengthy and expensive undertaking given the limited right of 
way (ROW) availability in an extremely congested environment. Hence we have 
conservatively assumed the power sector is the only substantial customer for natural gas in 
Lebanon.  If natural gas industrial demand was to develop, this will further enhance the 
economics of LNG in Lebanon by increasing the volume of LNG imported through the 
terminal.  The cost of the distribution grid would probably mean that the gas would be little 
cheaper to industrial consumers than alternative but more polluting fuels. 

The tables below show expected gas consumption by power stations under different electricity 
demand scenarios. 
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Gas demand 

Annual gas consumption (MMt/y) Daily gas consumption (Mm3/day) 

Low Case Scenario 

2012 2015 2020 2025 2030
Beddawi Gas 0.5 0.5 0.5 0.5 0.0
Zahrani LNG 0.4 0.4 0.3 0.2 0.0
Zahrani expansion LNG 0.0 0.5 0.5 0.5 0.5
Beddawi expansion Gas 0.0 0.3 0.5 0.5 0.5
Short term reciprocating (S) LNG 0.4 0.4 0.3 0.3 0.3
Generic CCGT (S) LNG 0.0 0.0 0.2 0.7 1.5
Total LNG 0.8 1.3 1.4 1.7 2.2

2012 2015 2020 2025 2030
Beddawi Gas 2.4 2.4 2.4 2.4 0.0
Zahrani LNG 2.4 2.4 2.4 2.4 0.0
Zahrani expansion LNG 0.0 2.1 2.1 2.1 2.1
Beddawi expansion Gas 0.0 2.1 2.1 2.1 2.1
Short term reciprocating (S) LNG 1.5 1.5 1.5 1.5 1.5
Generic CCGT (S) LNG 0.0 0.0 1.0 3.1 6.2
Total LNG 3.9 6.0 7.0 9.1 9.8

High Case Scenario 

2012 2015 2020 2025 2030
Beddawi Gas 0.5 0.5 0.5 0.5 0.0
Zahrani LNG 0.4 0.4 0.3 0.3 0.0
Zahrani expansion LNG 0.0 0.5 0.5 0.5 0.5
Beddawi expansion Gas 0.0 0.3 0.5 0.5 0.5
Short term reciprocating (S) LNG 0.4 0.4 0.3 0.3 0.3
Generic CCGT (S) LNG 0.0 0.0 0.7 1.7 2.9
Total LNG 0.8 1.3 1.9 2.7 3.7

2012 2015 2020 2025 2030
Beddawi Gas 2.4 2.4 2.4 2.4 0.0
Zahrani LNG 2.4 2.4 2.4 2.4 0.0
Zahrani expansion LNG 0.0 2.1 2.1 2.1 2.1
Beddawi expansion Gas 0.0 2.1 2.1 2.1 2.1
Short term reciprocating (S) LNG 1.5 1.5 1.5 1.5 1.5
Generic CCGT (S) LNG 0.0 0.0 3.1 7.2 12.3
Total LNG 3.9 6.0 9.1 13.2 15.9

 

4. Gas Supply 

The CCGT at Beddawi is expected to operate with Egyptian gas received via the AGP; gas 
started flowing mid-September 2009, with full operation on 30 MMscf/d of gas expected in 
October. The Energy and Water Minister was quoted as saying that this “would allow 
Lebanon to save up to $240 million on its energy bill alone each year”. 

The CCGT at Zahrani is a good candidate for switching to regasified LNG.  Located in the 
South of the country, Zahrani is difficult to reach with pipelines.  Lebanon is a mountainous 
country, with two parallel mountain ranges, Mount-Lebanon and the Anti-Lebanon, both 
crossing the country north to south and limiting the possibility of a direct Syrian pipeline link 
to Zahrani.  An offshore North South pipeline would be expensive due to deep water around 
Beirut.  Limited land availability makes ROW acquisition challenging for an onshore North 
South pipeline. 

5. LNG Demand 

In the low electricity demand case, LNG demand in 2020 reaches 1.4 MMt; LNG demand for 
the high case in the same year is 37 percent higher at 1.9 MMt. For 2030 the figures are 2.2 
and 3.7 MMt respectively. 
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Annual LNG Demand 
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LNG Market Viability  

 
 
While the LNG supply chain is highly capital intensive, in many cases LNG can prove more 
economical, flexible and effective than gas delivered by pipeline, thanks to growing LNG 
supply availability. It allows, for example, sourcing from multiple suppliers and creating 
competition between them, which is rarely the case with pipeline supply.  It enhances the 
security of supply as it can provide ready access to alternative supply in the event of 
disruption of the original supply.  The LNG industry has adopted conservative design 
standards, codes and rigorous safety regulations, and has achieved an enviable record of safety 
for over 40 years.  No major disruptions of supply have occurred since the inception of the 
trade. 
 
LNG is still a highly specialized and complex industry, dominated by large companies with 
large natural gas assets and a deep knowledge of the LNG trade.  Since 2008, some smaller, 
niche type markets have been able to procure supply by providing good market access and 
building alliances with the more established LNG players.   Lebanon has the opportunity to 
enter the market in the next few years by following a similar approach, but the road to LNG 
can be lengthy and demanding, requiring sustained effort, industry knowledge, long term 
relationship building, and the right alliances.  
 
1. Global LNG market  

The LNG industry has changed drastically during the last 30 years.  In 1980 there were just a 
few “fixed” trades to Japan, Europe and the US.  By 2010 there will be a maze of trades, 
combining long term, short term and spot supplies, and spanning broad geographic regions. 
Figure below shows the evolution of the global LNG trade.  There has been an increase in 
both volumes traded and the complexity of the market, with many buyers and suppliers 
competing for winning positions.  The early years of the LNG industry were characterized by 
the need to overcome the challenges of a new technology. As the technology has matured the 
focus of industry participants has turned to commercial optimization of the LNG supply 
chains, placing a premium on commercial creativity and a need to understand the dynamics of 
the global LNG market.   

Natural gas demand is growing as a result of several factors, including growing usage in power 
generation, market liberalization, the introduction of competition and the environmental 
benefits of natural gas compared with coal and fuel oil.  LNG in turn is taking an increasing 
proportion of overall natural gas supply.  

 

Upstream Regasification MarketLiquefaction ShippingUpstream Regasification MarketLiquefaction Shipping



Poten & Partners  Private & Confidential  

13 
 

Global LNG Trade Routes 

 

 

Poten projects global LNG supply to reach close to 400 MMt/y by 2020 from 176 MMt/y in 
2008, as shown in figure below – the chart shows the expected LNG supply available from 
each producing country compared with total LNG demand.  The LNG market will balance, i.e. 
demand equal to supply, with the United States, the UK, and Northwest European markets 
taking the balance after Asia and continental Europe receive their LNG requirement. 
Lebanon’s total LNG demand of up to 2 MMt/y by 2020 would be only about 0.5% of global 
LNG demand. 
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2. LNG availability to Lebanon 

This section considers the availability of LNG to supply Lebanon. The main competition to 
Lebanon for the next 10 years would come from Asia and Continental Europe.  Together, 
these two regions have cumulative uncovered demand of over 40 MMt/y by 2020, assuming 
existing supply contracts are not renewed.  Uncovered demand is defined as demand minus 
firm contracted amount. 

Unmet LNG Demand for Global Market
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Lebanon faces favorable LNG market conditions in the next few years.  From 2009 to 2013, 
more than 80 MMt/y of new supply (47% of 2008 trade) is projected to reach the market, all 
from projects currently being commissioned or under construction.  The current economic 
crisis is expected to have minimal effect on start up and production levels of these liquefaction 
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plants. Investment decisions were taken several years ago, and large capital expenditure has 
already been sunk on the various projects.  Most will produce LNG at capacity, and if needed, 
will sell into the markets of last resort in North America or Northwest Europe. Some of this 
LNG could be diverted from its original destinations if suppliers are offered the right price by 
third party buyers.   

MENA region stands out as a strong candidate to supply Lebanon: In 2008, the MENA region 
produced about 42% of global LNG supply and has become a central region for LNG growth.  
Total LNG production capacity in the region is expected to reach around 140 MMt/y (18.6 
BSCFD of natural gas) by 2015 and over 150 MMt/y by 2020.  About half of this volume is 
expected to be shipped west of Suez under either term contract arrangements or to producer-
affiliated project terminals in the Atlantic Basin.  MENA suppliers have a great deal of 
flexibility determining the ultimate destination of their LNG.  Poten estimates about 50 MMt/y 
of MENA production in 2015 will be either uncommitted or destination flexible.  A portion of 
these volumes could be available for Lebanon.   

 

*Round trip assuming 125,000 m3 ship

Shipping Costs to Lebanon

 

Qatar, Algeria, Yemen and Egypt are the key potential LNG sources for Lebanon given their 
supply availability and geographic proximity to Lebanon (i.e., lower shipping cost).  LNG 
supplies in these countries are mostly controlled by Sonatrach, Qatar Petroleum, GDF-Suez, 
BG and Total.  They are very good potential partners for Lebanon.  All are very experienced in 
the LNG trade both from a technical and commercial perspective.  They have been involved in 
the trade for decades, and in some cases have helped develop the LNG business from its 
inception (Sonatrach, Total and GdF).  Their level of involvement is deep across the LNG 
delivery chain, including the upstream, liquefaction, shipping, regasification and downstream 
marketing of gas.  Algeria, Qatar and Egypt have reliably supplied buyers worldwide through 
both long term contracts and on a more flexible spot and short term fashion.         
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Algeria: Large amount of available LNG 

Algeria is highly exposed to the currently depressed spot and short term LNG market.  
Sonatrach, which owns and controls 100% of Algerian LNG production and marketing, had 
followed a spot strategy based on flexibility.  The recent shift to a buyers’ market could, 
however, cause Sonatrach to reconsider its strategy and commit to alternative long term 
markets. 

Sonatrach is constructing two new liquefaction trains at Gassi Touil (4.7 MMt/y) and Skikda 
(4.5 MMt/y), whose output is as yet uncommitted. Poten estimates Algeria’s total 
uncommitted capacity as up to 18 MMt/y by 2015.  Both trains are starting in 2013.  Algeria 
has been a reliable LNG supplier for decades, and given its relative proximity should be 
considered a strong prospect to supply LNG to Lebanon. 
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Qatar: Largest incremental supplier worldwide 

Qatar is the largest LNG supplier in the world.  Qatar is now nearing completion of six large 
production trains (mega-trains) at Ras Laffan, adding nearly 50 MMt/y of LNG supply over the 
next 30 months.  The original intent was to sell to the liquid markets of the US and UK 
through purpose-built terminals.  A more trading-oriented strategy has however emerged 
targeting oil-linked sales into Asia and elsewhere.  The US and UK markets serve as backstop 
if no better priced markets are available. 

Poten estimates up to 22 MMt/y of potentially divertible LNG could be available to third-party 
buyers if the right price is offered.  Ship sizes however could be an issue, as we foresee LNG 
trade from Ras Laffan limited to larger ships (minimum 125,000 m3) because congestion 
issues prevent the use of smaller ships.  Lebanon should definitely consider Qatar as a key 
supply source, given location, long-term countries’ relationship and potential LNG availability 
from diversions.    

Egypt: very close to Lebanon, but limited availability – potential from BG, UFG and GDF Suez 

Egypt has two liquefaction ventures located at Idku and Damietta in the Nile Delta.  
Combined, the two projects have more than 12 MMt/y of production capacity.  Even though 
most of the capacity is committed to European buyers, there is a high level of flexibility in 
Egyptian contracts.  Volumes have frequently been diverted to higher paying Asian markets. 

Key buyers in Egypt that Lebanon should consider for diversions are BG, GDF-Suez and 
Union Fenosa Gas (UFG).  Both BG and GDF-Suez are major aggregators and traders with 
substantial LNG experience in all parts of the LNG chain – particularly shipping, import 
terminal development and operation.  They could be good companies to consider as suppliers 
and/or terminal developers to Lebanon.  In Egypt together they control the entire production 
out of Idku (around 7 MMt/y).   

In theory, Egypt’s 65 Tcf of gas reserves amply support the country’s ambition to add 
expansion trains at both facilities.  But domestic gas consumption has been increasing rapidly, 
driven by power generation CCGT development.  We do not anticipate potential new trains to 
supply Lebanon until post 2016. 

Yemen: GDF-Suez and Total control 4.5 MMt/y of LNG 

Yemen LNG has a two-train, 6.7 MMt/y liquefaction venture led by Total.  Train 1 is currently 
being commissioned, while Train 2 is scheduled for start up early in 2010.  Key Yemen LNG 
buyers are Korea’s Kogas, Total and GDF-Suez.  While Korean Kogas volumes are planned as 
a rigid point-to-point trade, Total and GDF-Suez contracts have a level of destination 
flexibility.  There are opportunities for Lebanon to source LNG not directly from Yemen LNG, 
but indirectly from aggregator Total and GDF-Suez.  The two companies control a combined 
4.5 MMt/y of LNG out of Yemen. 

Lebanon should quickly secure LNG supply, as the current favorable market conditions will 
not last.  Poten projects a return to a global LNG seller’s market by the middle of the next 
decade as the global surplus of LNG disappears.  The next three years represent an opportune 
time for Lebanon to procure LNG. 
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Global surplus – flexible LNG 
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3. LNG pricing 

At projected oil prices of around $65/bbl, Lebanon can expect to pay long-term DES LNG 
prices in the $7 to $10/MMBtu range. As the Asia Pacific region is currently facing an LNG 
surplus, if Lebanon were to move quickly to commence supply negotiations, its main 
competition would come from Atlantic Basin markets.  Under this scenario, Lebanon could 
expect a pricing formula comparable to a Mediterranean/European LNG price linked to oil at a 
slope of around 0.11, a 35% discount from oil parity.  If the LNG purchase is delayed to post 
2013, Lebanon could compete directly with LNG buyers in Asia – particularly China.  Under 
this more balanced LNG market environment, Lebanon may have to offer higher prices to 
compete with Asian buyers who may accept prices closer to oil parity, at around 0.15 slope. 
Prices should, however, take into account lower shipping costs from MENA region to 
Lebanon compared with the Far East.  

 

Negotiation 
period 

Delivery from 2012 
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Range of Lebanon Ex-Ship LNG Prices -2009$ 
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Lebanon should move fast to procure LNG to take advantage of the favorable current market 
conditions.  Given the current depressed LNG and gas markets worldwide, we assume the 
lower range of around $7/MMBtu at oil prices of $65/BBl.  Even lower prices could be 
achieved if Lebanon is successful negotiating on the basis of North American or Northern 
European gas prices.  Prices in these gas markets are now amongst the most depressed 
globally, and have recently de-linked from oil prices.  We project North American Henry Hub 
prices to be in the $5.00 range.   
 
Lebanon does not have to pay a country-specific price premium over and above prices to 
divert LNG trade away from its most direct competing markets.  Suppliers will instead strictly 
push for ToP agreement with a creditworthy entity.  This will require government guarantees 
since EDL on its own will not qualify as a creditworthy buyer.  Suppliers may require 
additional backing from a World Bank partial-risk guarantee to mitigate political risk. 
 
4. Options for pipeline imports into Lebanon 

Lebanon has started importing Egyptian gas through AGP via Syria.  There are limited options 
for additional pipeline natural gas imports to Lebanon.  Poten has investigated potential for 
additional imports from the following countries: 
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Egypt 
Egypt exports pipeline gas via the AGP with a capacity of 8-10 Bcm/y. The Lebanese Ministry 
of Energy and Water announced in October 2009 that it started receiving gas from Egypt to 
Beddawi. However, increasing domestic demand and concern over Egypt’s reserves position 
has led Egyptian government to declare a halt on new export projects until 2010. 
 
Syria   
Syria’s domestic production is now in decline, and it will soon become a net oil importer. 
Syria has experienced delays in developing its gas reserves, and is unlikely to export its own 
gas production through the AGP.  
 
Iraq 
Due to better exploration success than previously estimated, Khor Mor and Chemchemal gas 
fields in Kurdish region from northern Iraq could potentially supply gas to Lebanon, Jordan, 
Syria, and the European based Nabucco pipeline. However, in the near term, the general 
political situation in Iraq makes it difficult to conclude long term natural gas arrangements 
and undertake large scale investments. Even in the medium term, gas exports from Iraq could 
still be difficult because of power shortage issues within Iraq. 
 
Turkey 
An extension of Blue Stream has been discussed, running from the Black Sea port of Samsun 
to Turkey’s Ceyhan oil terminal on the Mediterranean coast, and then to the Eastern 
Mediterranean region. Numerous public statements have been made and studies undertaken, 
but no serious commercial development activity has taken place. 
 
Iran 
Iran has enormous gas reserves in the south and offshore Persian Gulf, but faces many 
obstacles that could potentially prevent gas exports to Lebanon, or anywhere else, in the short 
to medium term. 

1. As domestic demand boomed in recent years, Iran has become a net gas importer.  
Natural gas prices are heavily subsidized in Iran and this has caused a dramatic 
increase in demand.  In addition, gas is needed for re-injection into oil fields.  
Approximately 1/5 of Iran domestic gas produced is used for reinjection to support its 
oil production.   

2. Iran needs to build pipeline infrastructure in order to transport gas from the South to 
the North of the country in order to export gas to Lebanon through Turkey. 

3. US, European and multinational companies are facing increasing pressure to limit 
energy dealing with Iran due to its nuclear program.  

 
Cyprus 
Importing gas via pipeline from the planned LNG regasification plant at Vasilikos in Cyprus 
will be costly; the construction cost of Cyprus-Lebanon pipeline is estimated to be US$380-
$420 million.  
 
None of the above potential pipeline routes are timely feasible and/or economic in the 
short/medium term to supply Zahrani. LNG is the most feasible and expedient natural gas 
import solution for Zahrani. 
 
5. Risk mitigation 

To minimize volume and price risks, Lebanon should seek a long-term (10 to 20 years) LNG 
or gas (ex terminal) Sale & Purchase Agreement (SPA) for base-load power generation from 
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an established and experienced supplier.  We expect sellers will require an oil linkage for a 
Lebanon LNG contract price, similar to current practice in long term LNG SPAs in Asia and 
Continental Southern Europe.  We recommend that spot LNG is only used as an alternative 
procurement source if disruption to delivery chain occurs.  Lebanon will most probably have 
to negotiate for LNG supply on a ToP basis.   

LNG may be purchased Free On Board (FOB), where the customer is responsible for 
scheduling and shipping, or on DES basis, where the responsibility for shipping lies with the 
supplier and the price paid is for LNG offloaded at the terminal. Given the small scale of 
imports and Lebanon’s lack of LNG shipping experience, Lebanon should purchase LNG on a 
DES basis.  Lebanon could even outsource more of the delivery chain, leaving terminal 
development to the LNG supplier or a third party developer. 

We recommend that Lebanon seeks partnerships with experienced terminal developers and 
suppliers and minimizes its involvement in the LNG chain. 

 
6. Conclusions on Market Viability 

 MENA is a good potential source of LNG supply to Lebanon.  The region will have a 
production capacity of close to 140 MMt/y by 2015, with substantial uncommitted 
and flexible LNG supply.  

 The key LNG companies involved in the MENA region are very experienced in both 
the technical and commercial aspects of the LNG trade. 

 Because of favorable LNG market conditions in the next several years, Lebanon 
should focus on procuring MENA region LNG supplies as early as possible.   

 Lebanon should pursue SPA with long term duration (10 to 20 years), ToP basis, and 
DES terms.   

 Poten recommends Lebanon seek an experienced terminal developer from an early 
stage 

 EDL on its own will not qualify as a creditworthy buyer. Enhancing Lebanon's 
creditworthiness through government guarantee and, for example, a World Bank 
partial-risk guarantee is required.   
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Technical Viability  
 
1. Technology 

A thorough site specific feasibility study needs to be performed in order to establish feasibility 
of particular design at Zahrani. There are a number of different regasification terminal options 
that could be utilized.  The annex provides descriptions of all technologies currently in use for 
offshore regas. Poten has performed preliminary investigation on the four most appropriate 
options given shallow water at Zahrani site.   

 Option 1: Conventional land-based storage and regasification terminal with adjacent 
LNG tanker berth. 

 Option 2: Permanently berthed LNG FSRU with ship to ship (STS) transfer across 
jetty 

 Option 3: Offshore FSRU with STS transfer, connected to shore by a submarine gas 
pipeline 

 Option 4: Offshore submerged turret loading (STL) buoy supplied by LNGRV tanker 
 

Lebanon core terminal assumptions 

 LNG Terminal Alternative: 1 2 3 4
Description: Conventional 

terminal with 
adjacent berth, 

onshore storage

FSRU at adjacent 
berth

FSRU - 
permanently 

moored offshore

LNGRV moored 
offshore

Onshore Receiving 
Facilities :

Berth: Conventional jetty 
adjacent the 

terminal

Jetty adjacent the 
terminal - HP gas 

sendout

Offshore turret 
mooring

Offshore STL dual-
buoy

LNG Storage Tanks 1 x 160,000 m3 - - -

Regasification units: Submerged 
combustion 

vaporisers (SCVs)

- - -

Floating storage: Description: - 145,000 m3 
FSRU

145,000 m3 
FSRU

-

LNG Storage: - 145,000 m3 145000 m3 -

Regasification units: - Shell & Tube 
closed loop, 

heated from ship's 
boilers

Shell & Tube 
closed loop, 

heated from ship's 
boilers

-

Shipping: Description: 125,000 m3 125,000 m3 
conventional ship 

unloading to 
FSRU

125,000 m3 
conventional ship 

unloading to 
FSRU

150,900 m3 
LNGRV

Ship unloading: Conventional Cross-jetty Ship-to-ship Offshore STL 
buoys

Unloading rate: 10,000 m3/hr 10,000 m3/hr 10,000 m3/hr 11,000 m3/hr
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Option 1 Conventional land-based storage and regasification terminal with adjacent 
LNG tanker berth. 

A conventional land-based terminal consists of a jetty and mooring facilities with unloading 
arms, LNG storage tanks with in-tank pumps which feed LNG to vaporizers that regasify the 
LNG and send it out to the local gas network.  Two examples of conventional terminals are 
shown in Figure below: 

Conventional Terminals with Adjacent Berths (Tokyo, Lake Charles USA)  

k k h l
 

The number of jetties and storage tanks required will be determined by the maximum LNG 
ship size being unloaded, as well as the volume of LNG to be imported and the send out 
characteristics required to meet the market requirements.  The type of storage tanks will 
depend upon the amount of land available for the terminal site, local soil conditions, and 
seismic and safety considerations.  The examples show in-ground tanks at Futtsu, in Tokyo 
Bay in Japan (where the terminal is integrated with a CCGT power plant) and above-ground 
tanks at the Lake Charles terminal in Louisiana, USA.   

Building a conventional onshore import terminal at Zahrani could be costly.  Shallow water 
depth near the CCGT location would require up to 3 mile-long jetty to reach required water 
depths of around 12 meters.  The construction schedule of an onshore terminal is typically 
driven by the storage tanks.   Representative construction stage duration is around 3 to 4 years. 
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Option 2 permanently berthed LNG FSRU with STS transfer across jetty 

This option utilizes floating storage and regasification in the form of an FSRU - a conventional 
LNG tanker modified by the addition of regasification equipment to the vessel.  The FSRU is 
permanently moored and LNG is transferred from the delivery vessel (which is a conventional 
LNG tanker) across the jetty by STS transfer.  Both vessels are securely moored while the 
transfer takes place through conventional unloading arms equipped with safety shut-down 
systems.  LNG is vaporized onboard the permanently moored FSRU and is sent ashore via a 
gas pipeline.  An example of a berth under construction in Brazil for this arrangement is 
shown in Figure below: 

Receiving Terminal with FSRU Facilities (Brazil)  

 

This option eliminates all onshore development except for the gas pipeline landfall.  It 
requires a specially converted LNG tanker and has limited expansion capability.  It is best 
suited for ports with deep water access, as the technology requires a jetty and a dock to 
accommodate the FSRU and the shuttle LNG ship.  Zahrani site’s shallow water depth and 
lack of port and docking infrastructure makes this solution potentially quite expensive, due to 
large investment in marine infrastructure. 
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Option 3 Offshore FSRU with STS transfer, connected to shore by a subsea gas 
pipeline  

This option utilizes an FSRU which is connected to shore by a submarine gas pipeline.  LNG 
is delivered to the FSRU by STS transfer from a conventional LNG tanker.  The FSRU may be 
based on a purpose built hull with arrangements for permanent offshore mooring and LNG 
transfer arms. Alternatively, it could be a specially converted LNG tanker with similar 
equipment.  FSRUs are typically moored in deeper water than required for shore terminals 
and therefore must be capable of withstanding somewhat harsher oceanographic conditions, 
which can restrict the reliability of STS operations.  

Permanently Moored LNG FSRU (Livorno Italy) 

  

This type of facility requires limited shore side facilities as gas is delivered ashore by a subsea 
pipeline.  This technology is currently under development but is not yet in operational use.  
Two variations are being developed for Italy/Livorno and for Dubai.  Both terminals are 
scheduled to start operation in 2011.  The advantage of this solution for the Zahrani site is 
that the FSRU can be located further offshore at adequate water depth to accommodate draft 
requirements.  This will require a longer offshore gas pipeline to link the moored FSRU to 
shore. 

FSRUs are usually built based on Moss tanker designs.  These spherical aluminum LNG 
storage tanks are robust and do not suffer damage due to the LNG sloshing in bad weather.  
The FSRU can stay on station in all weather conditions.  Transfer of LNG from the shuttle 
vessel to the FSRU would have to be scheduled for calm weather conditions.   
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Option 4 Offshore STL buoy supplied by LNGRV tanker  

This option utilizes floating storage and regasification in the form of an LNGRV vessel.  The 
LNGRV is the delivery vessel as well as the temporary storage and regasification facility.  LNG 
is vaporized onboard the remotely moored LNGRV vessel and transferred to a subsea gas 
pipeline through the turret buoy which also moors the vessel.  An example of this is 
arrangement shown in Figure below: 

Offshore Gas Port 

 

This type of facility requires minimal shoreside facilities, but requires the LNGRV vessel to 
remain on site during the regasification of the cargo.  A continuous LNG supply using this 
approach would require multiple LNGRV vessels and a minimum of two STL buoys. The 
mooring arrangement and flexible pipeline connected to the buoy require deep water under 
the vessel and this arrangement is only suitable for water depths in excess of about 50m.  An 
example of this type of facility is Excelerate’s North East Gateway off Boston, USA.   

Because of the shallow water depth at Zahrani, this technology would require mooring further 
offshore and a longer gas pipeline than the FSRU option.  For continuous LNG deliveries, two 
buoys would be required, and at least two LNGRVs to maintain gas flow.  However, the 
membrane type vessels used for LNGRV’s are more susceptible to LNG containment damage 
due to sloshing of part filled LNG tanks.  At an open sea location such as Zahrani, the vessel 
would often need to cease discharging and take shelter.  The LNGRV could not provide for an 
un-interrupted service and back up on-shore gas oil storage tanks would be required to cover 
for periods when no gas was available. 
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2. Site Selection 

Poten has not performed an LNG terminal siting investigation, as this is outside the scope of 
this study.  We have considered Zahrani as a site for an offshore LNG terminal because of its 
proximity to the CCGT power station, which minimizes cost of gas connections and pipeline 
construction.  In order to finalize the site selection, Lebanon should perform a thorough site 
specific feasibility level study.  Such a siting study will involve meteorological, environmental, 
marine and land reviews.    

3. Zahrani specific site conditions 

The main constraints at the Zahrani site are the lack of port infrastructure and the shallow 
water depth, which limit the number of suitable LNG import terminal solutions.  It would be 
very expensive to build port infrastructure at the site.  An onshore import terminal would 
require up to a 3 mile long jetty to reach adequate water depths.  An FSRU or LNGRV 
solution, on the other hand, would allow the regas vessel to be moored offshore, which would 
save significant costs in port infrastructure.  In addition, a floating import solution does not 
require onshore storage tanks and berthing facilities which can cost up to 40% of a 
conventional onshore terminal cost.   

4. Cost analysis (CAPEX/COS based) 

Capital and operating cost estimates were compiled for the different LNG alternatives 
outlined.  A preliminary economic evaluation was then prepared based on Poten’s Cost of 
Service4 (COS) methodology.  Capital and operating costs were estimated for 3 MMt/y of LNG 
supply to Lebanon, enough to sustain the High Case LNG demand until 2025, and 
accommodate potential additional industrial demand growth.   

Receiving Facilities Capital Cost Estimates 

Capital costs were estimated for each LNG delivery chain alternative using Poten’s pre-
feasibility level capital cost estimation model.  This model determines a terminal cost from 
equipment and construction data for existing LNG facilities in Poten’s database by adjusting 
these estimated costs for: 

 Changes in facility configuration and capacity 
 Local labor costs and productivity 
 Cost escalation and exchange rate fluctuations 

 

This type of cost estimation methodology typically produces cost estimates within +30%/-20% 
accuracy.  Figure below summarizes the estimated capital costs of the receiving facilities for 
each LNG delivery chain alternative. The total facility CAPEX cost is highest for the onshore 
conventional terminal with adjacent berth and onshore storage (option 1) at more than $500 
million (including a longer jetty to accommodate Zahrani’s shallow water depth). A more 
generic terminal without a long jetty would cost less than $400 million.  Second highest at 

                                                     
4 The real price per MMBtu of LNG sendout from the LNG terminal that the importer must charge to 
cover capital expenditure , operating cost, taxes and shipping charter and operating costs  
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more than $200 million is FSRU at adjacent berth (option 2), as this also would involve a long 
jetty to reach sufficient water depth. Upfront CAPEX for the permanently moored offshore 
FSRU (option 3) and LNGRV (option 4) were estimated at less than $100 million since they 
do not involve jetties and trestles.  In addition, the vessels are typically chartered from a ship-
owner rather than purchased outright. FSRU charter rates could be in the $90,000 to 
$120,000/day range depending on shipping market conditions and specific technology 
requirements.  Option 4 includes dual buoy to accommodate for continuous supply. 
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While this cost comparison offers a reasonable estimate of the immediate capital requirements 
associated with constructing each terminal alternative in Lebanon, it does not capture all the 
costs associated with establishing LNG deliveries, such as the costs associated with permitting 
the facility and securing the necessary LNG supply to support the importation scheme (which 
should be similar across all options).  In addition this cost estimate does not include charter 
costs for the FSRU and LNGRV in Options 2, 3 and 4.   

A more complete comparison of the costs associated with each option is gained by looking at 
the costs per unit of gas received, stored and regasified for delivery to the onshore gas 
network.   
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Unit cost of delivery – shipping plus regasification terminal (Cost of Service - COS) 

COS is a cost driven analysis to compare various import technology options on a level playing 
field. These cost numbers are not indicative of the prices Lebanon would pay for the LNG.  
LNG prices will be netted back from a competing market and will not be cost based.  COS was 
developed assuming Algeria as supply source and 3 MMt/y import capacity for all the various 
concepts.  Even though we recommend Lebanon buys DES, we are including the cost of 
shipping in this section to make valid comparisons between the various import and shipping 
technologies.   

The Zahrani site suffers from shallow water and the lack of an existing sheltered port.  To 
create a conventional onshore LNG terminal would require a long jetty to reach deep water 
and result in a COS of more than $1.30/MMBtu, including shipping from Algeria.  This 
compares with a cost of close to $1.00/MMBtu for a more conventional onshore terminal with 
much shorter jetty. A turret moored FSRU located in deep water is less costly.  Such an FSRU 
could process up to 3 MMt/y of LNG enough to feed Lebanon’s long-term needs with a unit 
COS of $0.90/MMBtu (including shipping from Algeria) when using a new FSRU ship. This 
falls to around $0.75/MMBtu if an existing ship is converted to FSRU.  Lebanon can take 
advantage of the current surplus in the LNG shipping market to convert an idle ship to an 
FSRU at an advantageous price LNGRV option is more costly than an FSRU and would also 
suffer much more disruption to gas supply from weather conditions.  

COS assuming new ships, FSRU and LNGRV – Shipping from Algeria 
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COS assuming older ships, FSRU and LNGRV – Shipping from Algeria 
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5. Technology comparison  

Two key advantages for offshore regasification emerge from the initial analysis: 

 Relatively low capital cost investment – the use of floating storage eliminates, or at 
least defers, the significant initial capital cost associated with a land-based LNG 
storage tank 

 Shorter construction lead time – because offshore regas solutions have no land based 
storage, its construction time is considerably shortened.  It is expected that the 
marine facilities and vaporization system could be constructed within two years, 
rather than the three to four years required for a conventional land-based LNG 
terminal 

 
An FSRU solution is typically on a smaller scale than an onshore terminal, but would provide 
adequate regasification capacity for power demand estimated at less than 3 MMt/y of LNG by 
2025.  An offshore solution is also preferred because it can be implemented in less than two 
years compared to an onshore terminal which can take 4 years to construct.   

LNG storage volume of an offshore regasification vessel is fixed, and cannot be expanded as 
economically as for a conventional onshore terminal. Expansion would require construction 
of another regasification vessel. To accommodate Lebanon’s potential LNG demand growth 
(up to 3 MMt/y in a high case by 2025), we recommend Lebanon consider larger FSRU 
options (up to 145,000 m3, with a 125,000 m3 shuttle ship) 

Regasification capacity is also difficult to expand with an FSRU, which has limited deck space.  
An onshore terminal does not traditionally face similar space limitation, and could be readily 
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expanded if future demand warrants.  Lebanon can plan ahead by procuring FSRU large 
enough to accommodate potential demand growth. 

Comparison of Onshore v Offshore Import Terminals 

Criteria Conventional Floating
Site Availability Requires 12.5+ meter depth.  Long jetty 

and cryogenic unloading line required
due to shallow water depths.   

12.5+ meters for dockside, 45+ meters
for buoy system.  Potentially construct
offshore jetty or turret system.

Infrastructure Investment Tanks, general facilities, sendout, jetty. Does not require storage tanks and 
berthing facilities which comprise upwards 
of 40% of a conventional onshore 
terminal's cost.

Weather No existing port infrastructure.  Exposed 
open-sea berth could reduce berth 
availability due to weather and berthing 
considerations.

Must allow for at least 4-5 days of 
inaccessibility due to weather.

Construction timeline 2.5-4 years 0.5-2 years

Scale 0.1 - 4.6 bcf/d 0.1 - 0.5 bcf/d

Criteria Conventional Floating
Site Availability Requires 12.5+ meter depth.  Long jetty 

and cryogenic unloading line required
due to shallow water depths.   

12.5+ meters for dockside, 45+ meters
for buoy system.  Potentially construct
offshore jetty or turret system.

Infrastructure Investment Tanks, general facilities, sendout, jetty. Does not require storage tanks and 
berthing facilities which comprise upwards 
of 40% of a conventional onshore 
terminal's cost.

Weather No existing port infrastructure.  Exposed 
open-sea berth could reduce berth 
availability due to weather and berthing 
considerations.

Must allow for at least 4-5 days of 
inaccessibility due to weather.

Construction timeline 2.5-4 years 0.5-2 years

Scale 0.1 - 4.6 bcf/d 0.1 - 0.5 bcf/d  

6. Risk mitigation 

Various offshore LNG regasification technologies have been successfully implemented in a 
number of different environments.  Today there are around ten such schemes worldwide.  
However site specific feasibility will always be dependent on a full feasibility study and 
appropriate design.  Variants of the permanently moored LNG FSRU with ship-to-sip (STS) 
transfer technology is currently under development for Italy (Livorno) and Dubai, but is not 
yet in operational use.  Both terminals are scheduled for start-up in 2011.  

  

Offshore regasification facilities worldwide 

 

If Lebanon pursues an offshore import terminal strategy for Zahrani, a single LNGRV or FSRU 
would be employed to regasify the LNG.  Weather poses a risk since Mediterranean weather 
conditions could prevent deliveries for a span of up to 4-5 days. If the FSRU or LNGRV is 
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temporarily out of commission, or if weather conditions prevent deliveries, stored LNG 
aboard the FSRU could provide buffer relief until the supply disruption issue is resolved.  
Alternatively, the existing Zahrani power plant would be able to revert to burning DO and 
continue generating power until LNG deliveries resume.  Scheduling of shipments must be 
able to accommodate a minimum 4-5 days of inaccessibility due to weather conditions in the 
region.   

FSRU at 145,000 m3 will provide Lebanon with some contingency storage when LNG shuttle 
arrivals are delayed.  Using a 145,000 m3 FSRU and a 125,000 m3 shuttle ship would provide 
Zahrani with 20,000 m3 LNG buffer if inclement weather conditions prevents shuttle ship 
discharge.  Preliminary calculations show that 20,000 m3 theoretically could supply Zahrani at 
its current 435 MW capacity for up to seven days to accommodate shuttle ship discharge 
delays.  If Zahrani’s CCGT capacity is doubled to 870 MW; the 20,000 m3 of on board LNG 
buffer storage could sustain the power plant for only 3-4 days.  Using a smaller shuttle ship 
would however provide greater buffer storage to accommodate future expansion a Zahrani.  
For example, an 85,000 m3 shuttle ship combined with 145,000 m3 FSRU would allow for 
60,000 m3 buffer capacity.  For 870 MW expanded Zahrani plant this is enough for nine days 
of operation.  Eastern Mediterranean sea and weather conditions need to be analyzed in depth 
to establish feasibility of offshore regasification and adequacy of the contingency storage.   

As we recommended in the market section, to minimize volume and price risks, Lebanon 
should seek a long-term (10 to 20 years) LNG or gas (ex terminal) SPA for base-load power 
generation with an established and experienced supplier.  With the early involvement of an 
experienced terminal developer and potential LNG supplier, Lebanon can offload some of the 
project risk by purchasing gas ex-terminal.  Lebanon should therefore minimize to the extent 
possible its direct involvement in infrastructure development, and purchase natural gas as far 
down the delivery chain as possible. 

7. Conclusion on Technical Viability 

 Zahrani site-specific issues and relatively low demand levels make a traditional 
onshore terminal more expensive than an offshore option. 

 The estimated total facility CAPEX is the highest for the onshore conventional 
terminal with adjacent berth and onshore storage, at more than $500 million, 
including the cost of a long Jetty to reach deep water. 

 An offshore regas solution is preferred for Zahrani given water depth and port 
approach limitations.   

 Of the various offshore regas options (estimated between $70 million to more than 
$200 million upfront CAPEX), the permanently moored FSRU option scoring in the 
lower range, while the FSRU at adjacent to berth scoring in the higher range.   

o CAPEX for offshore options do not include regas vessel, given the regas 
vessels are not typically purchased outright, but rather are chartered from a 
ship-owner.  FSRU charter rates could be in the $90,000 to $120,000/day 
range depending on shipping market conditions and specific technology 
requirements.   

 Similarly, COS was the highest for conventional onshore design, more than 
$1.30/MMBtu including shipping from Algeria, and the lowest for the permanently 
moored FSRU at less than a $1.00/MMBtu including shipping from Algeria. This 
assumes Zahrani site specific long jetty for the onshore terminal.  A more typical 
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onshore terminal, with a much shorter jetty, would have a COS close to 
$1.00/MMBtu 

 Each FSRU and LNGRV variant has site-specific design requirements, and a full 
feasibility level study will be required to confirm site and technology selection. 
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Commercial Viability  
 
1. Savings against Distillate Oil  

In the first instance, the benefit of LNG is to displace the consumption of expensive DO at 
Zahrani. Not only is LNG cheaper than DO, but LNG will result in lower operation and 
maintenance costs (less frequent gas turbine maintenance) and improved performance (better 
reliability and availability). Fuel savings (cost of DO minus cost of LNG) average around 
$120-$130 million.  Total savings from conversion to LNG (including cost of leasing and 
developing LNG FSRU) are expected to be substantial, averaging around $75-80 million per 
year. There is little difference between the demand scenarios as Zahrani runs at similar 
capacity factors (in the range 40-70 percent) in both cases.  We have included detailed FSRU 
cost, FSRU availability, CCGT capacity factor and pricing, all consistent with previous 
sections.  Our DO price projections are derived off our Brent forecast (around $65/Bbl longer 
term) and applying historical Mediterranean DO to Brent relationship. 

Annual cost savings at Zahrani to 2020 
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The cash flows for the LNG infrastructure are shown in the chart below. The following table 
then presents the financial metrics for the Zahrani LNG infrastructure project. The NPV 
savings are calculated using a 10 percent discount rate. 
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LNG infrastructure costs and cumulative savings 
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Economics of LNG at Zahrani – metrics 

Electricity demand scenario  Low Case High Case 

Fuel component of variable cost with DO ¢/kWh 11.3 11.3 

Fuel component of variable cost with LNG5 ¢/kWh 6.0 6.0 

NPV Savings $M 461 489 

Simple payback period years 1 1 

 

The economics for Zahrani are improved by the assumption that the FSRU would be leased, 
hence minimizing the upfront capital commitment. The fuel savings would in that case be 
sufficient to pay off the capital investment for the connection and onshore facilities in the first 
year.  

2. Sensitivity analysis 

At the request of the World Bank, Poten has performed a sensitivity analysis to test the 
Zahrani LNG import economics focusing on two variables: 
 

 Scenario 1: Higher LNG prices.  In our base case we assumed Lebanon could achieve 
prices similar to current Southern European prices (assumed around $7/MMBtu Ex-
Ship).  Here, we assume Lebanon misses the window of opportunity offered by the in-
coming supply glut, and has to pay Asian competitive prices (assumed around 
$10/MMBtu Ex-Ship). 

 Scenario 2: Higher oil prices.  In our base case we assume oil prices longer term 
average around $65/bbl.  Under this scenario, we assume overall higher world energy 
prices, with oil hovering at around $100/bbl.  In addition, similar to Scenario 1, we 
assume Asian LNG price formula, resulting in an Ex-Ship LNG price of more than 
$15/MMBtu.  

 

                                                     
5 N.B. Fuel cost calculated for Zahrani average efficiency of 44.1 %, which is significantly lower than the 
assumed efficiency for a future CCGT plant of 52 %; excludes cost of FSRU. 
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The following graph summarizes the total cost of LNG (including FOB purchase price, 
shipping from Algeria, and terminal COS) under the base case, scenario 1, and scenario 2. 

 
 
The economic model for LNG import at Zahrani was run for both scenarios 1 and 2.  Under 
scenario 1, Brent and DO prices were kept constant similar to the base case at $65/bbl, and 
$600/tons respectively.  LNG price on the other hand was increased to $10/MMBtu Ex-Ship 
price (assuming Algeria as a supplier to Lebanon) to reflect higher Asian prices.  The LNG 
economics at Zahrani were weakened, but still provided for healthy returns.  The graph below 
summarized the LNG infrastructure costs and the cumulative net savings against DO.  The 
project payback period increases from one year in the base case to three years in Scenario 1, 
still very attractive proposition.  The IRR, at around 30% is still very strong.  The NPV savings 
are close to $100 million, a big reduction from the base case’s $460-500 million but still an 
attractive outcome.  Finally, the cumulative net saving by 2020 amounts to more than $130 
million. 
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Under scenario 2, Brent and DO prices were increased to $100/bbl and $940/ton respectively.  
LNG prices were kept at scenario 1 relationship to crude oil, resulting in LNG prices of more 
than $15/MMBtu delivered Ex-ship from Algeria.  In a way, this is the “rising tide lifts all 
boats” scenario, with LNG strongly maintaining its edge over DO.  Below is the summary of 
infrastructure costs and the cumulative net savings against DO for scenario 2. 

 
 
 
The payback period for scenario 2 is similar to the base case, merely one year after start-up of 
operations.  The IRR remains extremely favorable at %70, and the NPV savings stands at more 
than $300 million.  Finally, cumulative savings by 2020 surpass $400 million. 
 
Similarly, the “rising tide lifts all boats” applies to LNG’s relationship with HFO.  LNG and 
HFO both are linked to the price of crude, so the ratio of HFO generating cost with that of 
LNG will stay about the same if price of crude is $100/bbl compared with $65/bbl.  
 
 
 

Scen. 1 LNG Infrastructure Costs and Cumulative Net Savings
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Scen. 2 LNG Infrastructure Costs and Cumulative Net Savings
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3. Longer term competition with coal  

Lebanon has three main options for new generating capacity: coal-fired boiler and steam 
turbine plant (either sub- or super-critical), CCGT or diesel reciprocating engines burning 
HFO. There are also some limited opportunities to install additional hydro plant and wind 
turbines. The chart below compares the life-cycle generation costs for the thermal plant 
options. 

Life-cycle generation costs for competing fuels/ technologies in Lebanon 
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The only option available today is the diesel reciprocating engine burning HFO, which is the 
most expensive (we have not included conventional boiler/steam turbine plants burning HFO, 
which would be even more expensive). Life-cycle generation costs for new coal or CCGT 
plants would be around two-thirds the cost of the reciprocating engine option.  

The life-cycle generation costs for coal and CCGT are similar (6.0-6.1 ¢/kWh and 6.4 ¢/kWh, 
respectively) with delivered fuel priced at $72/te for coal (average cost CIF to Europe in the 
first half of 2009) and $7/MMBtu for gas. Fuel makes up about 40 percent of the generation 
cost for coal and 75 percent for CCGT so the relative costs are highly dependent on prevailing 
fuel prices.  Import terminal costs are not included for either coal or LNG.  Adding such 
infrastructure would increase life-cycle generation cost for CCGT by about 0.40 ¢/kWh, and 
for coal by about 0.20-0.25 ¢/kWh.   

CCGT plants have significant environmental advantages over coal. The area and visual impact 
are smaller, they require less cooling water, NOx emissions are much lower, CO2 emissions 
are less than half those of coal plant, and emissions of SOx and particulates are negligible. 
CCGT also has the advantage of shorter construction period – typically 2.5 years compared 
with around 4 years for coal. 

A coal plant at Salaata, which has been identified as a potential site, would require 
construction of a substantial jetty and coal handling facilities (cranes, conveyors), and would 
need to dispose of bottom ash and fly ash formed after combustion, which would require road 
haulage for disposal as they could not be accommodated on site. Bottom ash can be used in 
building roads, and fly ash in making cement and concrete. It should be noted that road traffic 
is already heavy on the S-N coast road. 
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4. Timing and Schedule 

In taking the project forward there are a number of studies that need to be undertaken in both 
the technical and commercial areas before FID is taken.  These activities will include the 
following: 
 

 Undertake a site specific feasibility study to determine project viability.  This would 
establish the project’s basic parameters including technology, initial design capacity, 
cost, and schedule.  This initial technical definition would be used for the subsequent 
engineering which may include a Front End Engineering and Design (FEED) study.   

 Develop a number of commercial agreements to govern relationships between various 
parties, including EDL, Government of Lebanon, terminal developer, LNG supplier, 
etc…   

 Finalize a gas/LNG import law to clarify the regulatory regime governing the import 
terminal. 

 Start developing a long term LNG supply procurement strategy.     
 
Note that the start of the tender or negotiation process depends on the successful conclusion 
of the feasibility study. 

 

Once these critical pre-FID steps are taken and executed, the actual engineering and 
construction period for an FSRU could be as short as two years.  The construction schedule 
for a conventional onshore LNG terminal is driven by the storage tank construction, and 
could take up to 3.5 to 4 years. 
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Comparative engineering and construction schedules 
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Purchasing
Fabricate & Deliver
Construction

FSRU (FLOATING STORAGE)

CONVENTIONAL LNG TERMINAL (LAND-BASED STORAGE)

Months
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

No land-based storage - marine 
facilities and regas systems could 
be designed and constructed 
within two years

2 YEARS

Engineering Design
Purchasing
Fabricate & Deliver
Construction

Months
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Engineering Design
Purchasing
Fabricate & Deliver
Construction

FSRU (FLOATING STORAGE)

CONVENTIONAL LNG TERMINAL (LAND-BASED STORAGE)

Months
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

No land-based storage - marine 
facilities and regas systems could 
be designed and constructed 
within two years

2 YEARS

N.B. This schedule does not include detailed evaluation and permitting time.  

5. Conclusion on Commercial Viability  

 LNG supply at Zahrani is economically justified solely on the displacement of DO as 
its primary fuel supply 

 Implementing the LNG solution at Zahrani could result in $75-$80 million/year 
saving, IRR of more than 90%, and investment payback in one to two years   

 Longer term, expanding Zahrani can be a good proposition, given comparable 
economics to coal but without the environmental drawbacks.  In a high demand case, 
Lebanon may need both LNG in the South, and another fuel (pipeline gas, coal or 
LNG) in the North. 
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Main Conclusions  
Poten has reached the following conclusions regarding the feasibility of LNG to Lebanon:   

 Lebanon energy sector is in a state of crisis and LNG can offer important relief in the 
medium to longer term by significantly reducing the power generation cost 

 LNG supply at Zahrani is economically justified solely on the displacement of DO as 
its primary fuel supply.  Implementing the LNG solution at Zahrani could result in 
$75-$80 million/year saving, IRR of more than 90%, and investment payback in one 
to two years 

 Longer term, expanding Zahrani CCGT can be a good proposition, given comparable 
economics to coal but without the environmental drawbacks.  In a high demand case, 
Lebanon may need both LNG in the South, and another fuel (coal or LNG) in the 
North 

 MENA is a good potential LNG supply source for Lebanon.  The region will have a 
production capacity of close to 140 MMt/y by 2015, with substantial uncommitted 
and flexible LNG availability.  Lebanon will need 1.5 to 2 MMt/y by 2020 

 The key companies involved in the MENA LNG business are very experienced in 
both the technical and commercial aspects of the LNG trade.  They are unlikely to 
accept EDL as a credit worthy counterparty for a long term LNG SPA (supply 
agreement) and the Government of Lebanon will have to organize credit support. 

 The estimated CAPEX is highest for the onshore conventional terminal with adjacent 
berth and onshore storage, approaching $550 million, including the cost of a longer 
jetty to accommodate Zahrani’s shallow water depth. 

 Upfront CAPEX for the various offshore regas options is in the range $70 million to 
more than $200 million, with the permanently moored FSRU option scoring in the 
lower range, while the FSRU adjacent to berth scoring in the higher range.   

o CAPEX for offshore options do not include regas vessel, which are not 
typically purchased outright, but rather are chartered from a ship-owner.  
FSRU charter rates could be in the $90,000 to $120,000/day range depending 
on shipping market conditions and specific technology requirements.   

 COS was highest for conventional onshore design, at more than $1.30/MMBtu 
including shipping from Algeria, and lowest for the permanently moored FSRU at less 
than a $1.00/MMBtu including shipping from Algeria.  This assumes Zahrani site 
specific long jetty for the onshore terminal.  A more generic onshore terminal with 
much shorter jetty will have lower COS at close to $1.00/MMBtu 

 Each FSRU variant has site-specific design requirements, and a feasibility level study 
will be required to prove the technical viability of LNG supply at Zahrani 

 The Lebanese government needs to initiate further studies to determine not just 
technical viability, but also site selection, commercial feasibility and supply 
availability in order to make FID by 2011 
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Recommendations  
We recommend Lebanon pursues the development of LNG imports as a mid to long-term solution to 
the country’s electricity woes 

1. Lebanon should initiate a more detailed analysis of the technical feasibility (including 
optimum size and site selection) and commercial viability of an FSRU at Zahrani 

2. In parallel, Lebanon should develop the LNG procurement strategy and finalize 
country’s regulatory and fiscal gas import environment 

3. Given Lebanon is new to the LNG trade’s commercial and technical complexity, we 
recommend Lebanon considers out-sourcing as much of the LNG delivery chain as 
possible.  This could include LNG procurement, shipping, and regasification/FSRU 
development.  In this case Lebanon would pay for regasified output gas ex- terminal, 
most probably through a ToP arrangement. 

4. If FSRU LNG solution is confirmed to be feasible and economic, Lebanon should 
quickly initiate preliminary talks with potential terminal developers 

5. Government of Lebanon support is critical to the ultimate success of the project.  
Government of Lebanon sovereign guarantees will be needed to support development. 

6. Government of Lebanon should ensure that all options for fuel supply, including 
competing LNG options, are kept open for as long as possible.  It is always better to 
negotiate when one has credible alternatives to the solution being negotiated.  Once 
an LNG deal is agreed, then this deal will further strengthen Lebanon’s position in 
other fuel supply options. 

 
 
 
 
 


