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PREFACE

This report aims to provide background of the electricity sector in Lebanon and to estimate the current and future costs
of the sector in order to inform reform plans that are needed to recover the sector financial viability.

Data and assumptions in the report are based on the Ministry of Energy and Water's 2019 updated Electricity Sector
Policy Paper and its investment plan as of end July 2019. When this report was prepared, not all data for 2018 and
2019 were available, hence it relies primarily on data from 2017. Since then, certain sector conditions and plans have
evolved. Market conditions have also changed, including, but not limited to, fuel prices used in the cost estimation. Certain
numbers in this report will need to be updated accordingly.

The report objective is not to provide precise numbers but rather to offer insights into the cost structure of the sector to
determine areas of cost savings. It projects how the future sector costs and subsidy requirements will be impacted by
ongoing and planned investments and reforms, such as adding efficient generation capacity, switching to natural gas,
reducing system losses, and recovering collection. The projections are based on two scenarios. The base case scenario is
aligned with the 2019 updated Policy Paper, which includes adding fast track generation and new power plants, switching
from liquid fuels to gas, and aggressive loss reduction; the alternative scenario tests certain sensitivity related to the
timeline of new generation investments and the trajectory of loss reductions. Given the recent political, economic, and
health developments — particularly the nation-wide protests since October 2019, the establishment of new governmentin
February 2020, the default of the Euro bonds in March 2020, and the ongoing Covid-19 pandemic — the timeline laid out in
the scenarios may no longer be appropriate. Certain investment plans and reform actions may also need to be adjusted.
Nevertheless, the report provides a sound trajectory for reforming the Lebanon power sector with key actions to reduce
the sector costs. The years referred to in each scenario, therefore, should not be considered absolute in terms of 2020 or
2021, but rather as year 1 or year 2 starting from the launch of the sector reforms.

Based on these projections, the report gives an indication of the tariff level needed to recover sector costs. Since sector
costs will likely change with the recent developments outlined above, an updated estimate and tariff scenario will be
needed. It is important to note that tariff increases are advisable only once supply has improved so that the total costs
paid by consumers for both public and private electricity do not increase. This is the assumption underlying the two
scenarios considered by this report. Since sector costs are highly dependent on oil prices, an automatic tariff indexation
mechanism to pass through the fluctuations of oil prices should be considered. The report also provides suggestions on
designing efficient tariff structures, based on international practices, which can reflect costs while encouraging energy
conservation and ensuring affordability for poor and vulnerable groups. The decision on tariff adjustments ultimately
lies with the Government as they have different implications for subsidy requirements and need to be integrated in the
broader socioeconomic agenda.



EXECUTIVE SUMMARY

Introduction

This study determines EDL'’s cost of service, to facilitate reduction of sector subsidies

The objective of this study is to conduct a cost-of-service study and tariff analysis for the electricity industry in Lebanon
that will facilitate the reform of electricity tariffs, reduce costly financial transfers, and better address affordability
for disadvantaged households. A key output of the study is to estimate the Government subsidy required to cover the
difference between Electricite Du Liban's (EDL's) forecast revenues and costs.

The scope of this study includes forecasting demand, supply and costs of service, and advising
on tariff design

This study is comprised of the following parts:

» Describes the challenges facing the Lebanon power sector.

» Estimates demand for electricity in Lebanon and provides an overview of the Ministry of Energy and Water (MEW)
plans to meet that demand.

» Estimates EDL's future costs and the revenue that it needs to earn to cover those costs, given various assumptions
about the future; and estimates the likely impacts on required Government subsidies, given assumptions about future
tariff increases.

» Provides recommendations for revising the structure of EDL's tariffs, to increase revenue in the short term and
improve the efficiency of price signals in the medium to long term.

The current situation

EDL is supplying around two thirds of electricity demand, although demand is uncertain

The electricity sector in Lebanon suffers from a shortage of supply. EDL estimated that it supplied only 59% of demand
in 2016 and 67% of demand in 2017, as illustrated in the figure below, with most of the remainder supplied by private
generators at higher tariffs.

EDL estimated demand and supply, 2016-2017
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EDL estimates its peak demand to be around 3,511 MW in 2017. This estimation is only approximate and likely to be
affected by customers shifting some consumption to private generators (many of which were not metered until recently).
Using a higher load factor, for example 67% as per neighbouring Jordan, increases estimated peak demand to over 4,000
MW. Any demand forecast for Lebanon will be inherently uncertain, given the current situation.

The supply shortfall is mostly due to the shortage of generating capacity. In total, EDL has approximately 2,200 MW of
generating capacity. EDL's generation is predominantly from expensive fuel oils (both Heavy Fuel Qil and Light Fuel Qil),
with many of its plants now old. EDL's mix of reasonably efficient plants and very old inefficient plants (all running on
fuels that are significantly more expensive than gas would be) results in high fuel costs, which averaged $0.11 per kWh
in 2017.

Around a third of EDL’s energy produced/purchased is lost. Theft and billing errors are the
primary cause for concern

« EDL's network losses were 34% of total energy sent out (i.e., produced or purchased) in 2017, as illustrated in the
figure below. Non-technical losses — comprising of theft and billing errors — are estimated to be 20% of energy sent
out, which is exceptionally high. As a comparison, nearby Jordan has distribution losses (both non-technical and
technical) of 12.9% and transmission losses of 1.7%.

EDL cost of supply in 2017

Energy billed
66%

» The figure below shows the key components of EDL's cost of supply in 2017. Fuel costs plus payments to independent
power producers (IPP) sum to $0.11 per kWh sent out. Once 34% losses are added, the cost goes up to $0.16 per kWh
sold (billed). After accounting for EDL's other operating costs (including generation operations and maintenance - O&M,
staffing costs, network repairs and maintenance) and financing costs (relating to past investments), the cost further
increases to $0.24 per kWh sold, which is lower than the price of private generation estimated at $0.30 per kwh.

 Poor collection rates in 2016 and 2017 further increased the cost of supply (not shown in the figure above), but EDL
expects to resolve collection issues in the future. Given the COVID-19 pandemic, collection activities of EDL bills have
been slowed down or stopped in some areas. Therefore, the resolution of collection issues and increase of collection
rates forecasted for the short-term timeline may no longer be appropriate.

Reliance on fuel oils, high losses, and low tariffs results in high Government subsidies

The Lebanon power sector has relied on Government subsidies for decades. In 2017, EDL's total cash costs for 2017 were
approximately $1.9bn’, while revenue collected was only $0.6bn. EDL therefore had to rely on the government subsidy of
around $1.3bn to cover the difference, as illustrated in the figure below.

"



EDL cash costs, revenues, and subsidies in 2017
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Forecast demand and supply

In the base case, we assume 3% demand growth and aggressive loss reductions, which when
combined lead to relatively little growth in the generation required

We forecast demand and supply under two cases — a base case as provided by MEW and an alternative case that is more
conservative.

In the base case, we accept EDL's estimated peak demand of 3,511 MW in 2017. We assume 3% growth in electricity
demand, plus a one-off reduction in demand of 8% in 2021 following an assumed tariff increase of 74%, all based
on MEW assumptions. This 74% increase in tariff is under the assumption that ‘fast track’ generation will be added,
hence improving supply to consumers and replacing private generators. The new tariff would still be below the weighted
average cost of electricity to consumers (i.e., the combined cost of EDL and private generator supplied electricity to the
average consumer). Although we have not assessed the MEW's assumption of the one-off reduction in demand of 8% in
detail, this estimate appears within the plausible range of demand price elasticities, bearing in mind they will always be
inherently uncertain given the unique situation in Lebanon (uncertain demand, poor quality of grid supply, historically low
tariff - EDL's retail tariffs, which currently stand at an average of $0.09 per kWh, have not changed since 1994).

We also adopt MEW's aggressive loss reduction forecasts, from 34% in 2018 to 10.6% in 2022 (as a percentage of energy
sent out), with most of these reductions happening from 2019 to 2021.

The result is that forecast demand growth is largely offset by reduced losses, such that the resulting forecast of energy
that needs to be generated (‘'sent out’) in 2023 is similar to 2017, as illustrated in the figure below. Only after 2023 does
the required energy sent out start to grow significantly.

Our alternative demand forecast uses more conservative assumptions, which leads to similar
required generation growth but lower energy sales

In the alternative case, we make more conservative assumptions about future demand and loss reductions:

» Peak demand is slightly over 4,000MW in 2017, estimated based on EDL data but assuming a load factor equal to
that in Jordan (after adjusting for displaced persons). EDL's estimated load factor in the base case is probably being
exaggerated by load shifting to unmetered private generation.

e Growth in energy demand is lower than MEW forecasts, based on IMF GDP forecasts as of October 2018 and an
econometric analysis of historical growth rates. The forecast is approximately 1% growth per year for the next few
years, before increasing to 2.3% per year for 2023 onwards.

12



« System loss reductions are slower (less aggressive) than MEW forecasts. We assume losses are reduced from 34% in
2017 t0 14.6% in 2023, compared to losses of 10.6% in 2022/2023 in the base case.

The net result is that forecast required energy sent out (i.e. generated) is quite similar in the alternative case and base
case, at least until 2023. But the energy billed is around 10% lower in the alternative case from 2018 onwards, primarily
due to smaller loss reductions.

Total Energy demand (base case vs alternative case)

30,000
Demand for
energy sent out -
25,000 W base case
20,000 mmmm Demand for
energy billed -
base case
o
% 15,000
==@==Demand for
energy sent out -
10,000 alternative case
5,000 e=@==Demand for

energy billed -
alternative case

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

MEW expects LNG to be available from 2022 and plans to add significant new gas-fired
generating capacity

In the base case, we adopt MEW'’s generation expansion plan, which involves adding:

» Approximately 2,600 MW of new LNG-fired CCGT plants over the next 10 years, starting in 2022 when new LNG is
expected to first become available in some regions

» 1,050 MW of ‘fast-track’ generation, such as LNG-fired containerised reciprocating engines. This fast-track generation
can theoretically be commissioned in 2020 (initially running on fuel oil until LNG becomes available) and be in place
till around 2024, once most of the CCGT is commissioned.

» Approximately 1,500 MW of new renewable capacity, added gradually and comprising mostly solar PV and wind, but
also a small amount of new hydro.

The resulting installed capacity is summarised in the figure below. The generation expansion plan is based on the MEW
2019 updated Electricity Sector Policy Paper and its investment plan as of end July 2019. The planned capacity and
timing for some thermal and RE permanent and ‘fast-track’ generation, given in this report, have evolved with changing
sector conditions; MEW expects to refine this plan over time, as demand and realistic timeframes for LNG and plant
commissioning are better understood.

MEW'’s planned capacity additions will probably still not be enough to meet all future demand

The figure below shows planned available capacity against forecast peak load. MEW's planned expansions appear to
have been calibrated to meet peak demand in 2020 and 2021, although it is likely that there will still be some unserved
demand in these years, because (a) MEW's plan does not include sufficient reserve margin to ensure there is enough
spare capacity during plant outages, (b) the renewable capacity cannot be fully relied on during peak hours, and (c)
demand is uncertain and could be higher than EDL's base case estimate.

13



Available capacity vs peak load (base case)
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In the alternative case, most capacity additions are delayed by one year, which leads to
significantly higher unserved demand

In the alternative case we are more conservative in our assumptions regarding the timing of new capacity. Most
significantly, we assume fast-track generation is delayed by one year, as are the new Deir Ammar, Zahrani, and Selaata
CCGT plants. The effect of this, alongside higher generation requirements in the alternative case due to more conservative
loss reduction assumptions, is significantly higher unserved demand (between 8% and 35%) from 2020 through to 2024,
as illustrated in the figure below.

Another reason for the high unserved demand in the alternative case is the assumption that Zouk and Jieh plants are
decommissioned as per MEW assumptions in 2021; if decommissioning of these plants is delayed by two years then
unserved demand will be much lower in 2021 and 2022.

Unserved demand (base case vs alternative case)
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Forecast revenue requirement / cost of service

The revenue requirement is the amount of revenue that EDL needs to collect to cover its costs

and eliminate Government subsidies

EDL's revenue requirement is the amount that EDL needs to collect to cover its overall costs and to eliminate Government
subsidies. Our approach to calculating the revenue requirement is summarised in the figure below.

Overview of approach to calculating EDL's revenue requirement

0s nt

Fuel & IPP costs

Other operating costs
& financing costs

Collections / bad debt

The introduction of LNG and new CCGTs should reduce costs by around 3c per kWh generated

Calculation

Fuel & IPP costs per kWh
sent out (generated)

Fuel & |PP costs + other
operating costs per kWh
sent out

Fuel & IPP tosts + other
operating costs per kWh
sold (billed)

Fuel & IPP costs+ other
operating costs per kWh
collected

Total cost of supply

Progression over time

Decrease as EDL switches to LNG
and renewables and installs more
efficient plants

Decrease due to economies of
scale — EDL can spread fixed costs
over more energy generation

Decrease as EDL reduces losses,
in particular non-technical losses
(theft and billing errors)

Stay constant, assuming EDL can
maintain its historically good
collection rates (and not repeat the
2016 & 2017 situation)

The figure below summarises EDL's forecast cost of supply per kWh sent out. It includes fuel & IPP costs, other operating
costs, and network financing costs, but excludes the cost of losses and collections/bad debt.

In 2017, the cost of supply is equal $0.16 per kWh sent out, with fuel and IPP costs accounting for approximately 70%
of this. From 2022 onwards, when LNG is expected to arrive and new CCGTs begin being commissioned, total costs are
forecast to drop to around $0.13 per kWh sent out. In other words, the fuel cost savings from using LNG in new efficient
plants are expected to outweigh the cost of new IPP payments — to the extent that total costs are expected to reduce by
around $0.03 per kWh. All forecasts exclude inflation and assume that the oil price is constant at $66/barrel (bbl) from
2018 onwards.? Given the recent drop in oil prices, the forecasted fuel and total costs may no longer be appropriate for
the short-term (year 2020) and need adjustment. Nevertheless, the reduction of costs when switching from liquid fuels
to LNG is still valid and underlines this action as a key reform to reduce sector costs.



Forecast cost of supply per kWh sent out, excluding losses and collections (base case)
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Large loss reductions will bring about cost savings of around 6c per kWh

EDL's 34% losses means that its 2017 cost of supply of $0.16 per kWh sent out becomes $0.24 per kWh sold, as shown
in the figure below. In the base case, we assume aggressive loss reductions in line with MEW assumptions. The result is
a reduction in the cost of supply per kWh sold of around $0.06 per kWh (in 2017 losses cost $0.08 per kWh and by 2021
losses cost $0.02 per kWh).

The total cost reflective tariff is around $0.16 per kWh from 2022 onwards

As above, collection rates were poor in 2016 and 2017, but are expected to be high from 2018 onwards?, and therefore
only have a small effect on the total revenue requirement, as shown in the figure below. The final cost of supply per
kWh collected reduces from around $0.27per kWh in 2018 down to $0.16 per kWh in 2022 as losses are reduced, new
generating capacity is added, and LNG is used to fuel generator.

Forecast cost of supply per kWh collected (base case)
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The total cost of supply increases by up to $1bn due to increased volumes generated

Although the per unit cost decreases significantly over time, as illustrated above, the total cost of supply increases
significantly over the same period due to EDL generating more power. In the base case scenario, the forecast cost of
supply peaks at about $3.25bn in 2020 and levels out at around $3bn from 2022 onwards. As discussed previously, this
assumes the oil price stays constant at $66/bbl.

Forecast cost of supply (base case)
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In the alternative case, per kWh costs are higher — the 2022 cost-reflective tariff is around
17c per kWh

In the alternative case, the per unit costs of supply remain higher for longer, as illustrated in the figure below. Before 2022
the cost-reflective tariff is significantly higher in the alternative case — e.g., in 2021 it is $0.21 per kWh versus $0.18 per
kWh in the base case. From 2022 the cost of supply in the alternative case levels out at around $0.17 per kWh (rather than
$0.16 per kWh in the base case). This difference is caused primarily by smaller loss reductions.



Forecast cost of supply per kWh collected (base case vs alternative case)
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Despite the higher unit costs, the total costs of supply in the alternative case are lower than in the base case because less
energy is generated, due to delays in commissioning new IPPs. This however comes at an obvious economic cost, due to
higher unserved demand in the alternative case, as illustrated in the figure below.

Forecast cost of supply and unserved demand (base case vs alternative case)
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A fuel-cost pass-through mechanism should be introduced

Our forecasts all assume that the oil price stays constant at $66/bbl, yet we know that oil prices are volatile and have a
heavy impact on Lebanon’s power sector. The increase in the oil price was largely responsible for the cost per kWh in
2018 being approximately 27% higher than 2017 levels. To reduce EDL and the Government's exposure to costs outside
of its control, the Government should introduce a fuel price indexation to pass through the fluctuations of oil price to
consumers (with consideration for smoothing mechanisms to avoid abrupt tariff changes to consumers).

Without such a pass-through, Government could increase tariffs to cost-recovery tariffs (i.e., as calculated in this report),
yet a few days or weeks later the oil price could change, and the sector may be again be running a large deficit (or surplus).
Such mechanisms are widespread internationally for power sectors that have significant exposure to international
oil prices.

Forecast required subsidy

In the base case, we assume that historical sector arrears are recovered and that tariffs will be
increased to cost recovery levels of 16c per kWh in 2020

We calculate the required sector subsidy as the difference between EDL's total cost of supply and EDL's total revenues
collected. In the base case, we adopt MEW's assumptions that:

« Sector arrears, totalling ~$2bn, are collected between 2019 and 2024, which translates to average arrear recovery of
$340m per year.

« From 2020 onwards, tariffs will be set at a level that will eliminate the subsidy (16¢c per kWh in 2020, a 74% tariff
increase), which coincides with the commissioning of fast-track generation and therefore most demand being met by
EDL supply.

The forecast subsidy is $1.7bn in 2018 and $1.3bn in 2019

« The resulting sector subsidies that are required to cover EDL's costs of supply — until tariffs are increased — are $1.7bn
in 2018 and $1.3bn in 2019, as shown in the figure below. As noted elsewhere, this assumes that oil prices remain
fixed at $66/bbl (in real terms — all our forecasts exclude inflation). Without a fuel cost pass-through mechanism,
subsidies will be very sensitive to oil price changes.

Forecast sector subsidy and assumed average tariff (base case)
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In the alternative case, we assume most arrears are not recovered and tariff increases are
phased. The resulting subsidy is higher

In the alternative case we assume that (a) Only $200m per year in arrears, related to DSP payment enhancement, is
recovered in 2019 and 2020 respectively, and (b) tariffs are increased more gradually — by 40% in 2022 (to $0.13 per kWh)
and 30% in 2023 (to $0.17 per kWh), such that 75% of costs are met in 2022 and 100% in 2023.

+ The resulting sector subsidies that are required to cover EDL's costs of supply are $1.8bn in 2018, $1.4bn in 2019 and
2020, and $1.8bn in 2021, as illustrated in the figure below. In 2022 LNG arrives and the first tariff increase kicks in,
which reduces the subsidy to $0.6bn. In 2023 the second tariff increase eliminates the subsidy altogether.

Forecast sector subsidy and assumed average tariff (base case vs alternative case)
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Tariff design recommendations

First cost-recovery, then more efficient price signals

EDL's tariffs are currently far below cost recovery levels. This means that consumers currently face prices that do not
reflect either average or marginal costs of supply. To encourage efficient consumption, EDL's first order of priority should
be to increase tariffs to something approaching average cost-recovery levels. Once cost-recovery is achieved, EDL can
turn its attention to the detail of the tariff structure and how it can be tweaked to better reflect marginal costs.

To improve cost-recovery in the short-term, EDL could target high consumption consumers

Lebanon’'s Government appears committed to tariff increases accompanied by supply improvements, but there are
numerous options for applying tariff increases, i.e., will they be applied uniformly (all charges increase by the same
amount) or targeted to particular customer types? Targeted increases may help minimise the political ramifications of
increases.

One option is to target the high consumption block, where EDL earns most of its revenues. Customers in the last tariff
block (>500 MWh) consume 32% of residential and energy in the residential and commercial category, yet account for
62% of revenue in that category, as summarised in the figure below.
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Share of EDL's residential and commercial energy charge revenue by tariff block in 2016

101-300
16%

301-400
7%

The table below shows the approximate impacts of different tariff increase scenarios. It shows that there is no avoiding
widespread tariff increases if Government wants to eliminate sector subsidies, but that targeting high consumption
customers could help ease the burden. For example, the last scenario shows that if EDL leaves the first two consumption
blocks untouched, it would need to increase all other tariffs by 94% (scenario 6 in the table below) to achieve a 74%
increase in average tariffs and eliminate the subsidy altogether if assumptions in the base case hold true —including LNG
arrival, new CCGT generation, loss reductions, and a $66/bbl oil price).

Example tariff increase scenarios

Tariff adjustment scenario % increase in total Increase in 2020  Average tariff

EDL revenues billed revenue ($bn) level ($/kWh)

1 First four residential & commercial
consumption blocks combined into a single

0,

block and the energy charge for that combined 17.5% 0.29 0.1

block set to $0.08 per kWh
2 Residential & commercial energy charge 0

increased by 50%, except the first two blocks 15 048 U
3 Energy charge increased by 50% for all

customers that are not LV residential & 17.9% 0.30 0.11

commercial
4 All customers’ energy charges increased by 0

50%, except the first two blocks SEby/ed 053 e
5  All customers' tariffs (both energy and fixed) 0

increased by 50%, except the first two blocks* 39.3% 0.64 0.13
6 All customers' tariffs (both per energy and

fixed) increased by 95%, except the first two 74.0% 1.19 0.16

blocks*

*EDL was unable to provide a breakdown of connection numbers by customer type. For the purposes of calculating expected impacts on per
connection revenues (related to fixed charges), we assume that 50% of connections fall within the first two block: Residential and Commercial:
1-100, Residential and Commercial: 101-300 categories.

Source: ECA analysis based on EDL and MEW data
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Another possible strategy might be to target commercial customers

Currently residential and commercial customers pay the same tariff under a rising block tariff structure. This means that
commercial customers pay low tariffs for the first increments of monthly consumption, which is rare by international
standards. There are no strong reasons for commercial businesses to receive heavily subsidised power as is currently
the practice in Lebanon.

Ideally EDL would reclassify existing customers. There is currently no reliable record of residential vs commercial
customers in EDL's billing database. But this will take significant time. A quicker approach to differentiating commercial
customers (and wealthier residential households) would be to set charges based on the capacity (rating of the circuit
breaker) of a customer’s connection. This approach might allow EDL to do away with the rising block tariff structure
altogether. Unfortunately, in the absence of billing data on residential and commercial customers, we are unable to
reliably estimate the effects of separating out residential and commercial customers.

Overhauling the overall tariff structure in this way might help reduce the political and social reactions to tariff increases.
The practical implications of implementing such a mechanism should be discussed with EDL.

A third possible strategy for improving cost-recovery would be to improve the targeting of social
benefits

Currently all low-voltage residential and commercial customers pay low tariffs for the first increments of monthly
consumption, as a way of protecting vulnerable households. The downside to this approach is that all customers
receive subsidised power for the first few tariff blocks, not just low-income households. Using a direct social assistance
mechanism, such as the National Poverty Targeting Program (NPTP), would allow EDL to do away with rising block tariffs,
thereby improving cost-recovery.

In the medium to long term, once cost-recovery is achieved, EDL should adjust its tariff design to
improve economic price signals

In the medium to long term, once EDL achieves cost-recovery, its focus should turn to designing tariff structures that
encourage the economically efficient use of electricity. Key recommendations to improve the cost-reflectivity of EDL's
tariff structure, and incentivise shifting consumption away from peak periods, include:

* AllLMV and HV customers should pay demand charges, to better signal marginal capacity costs.

» There should be seasonal demand charges to reflect that peak load in summer is significantly higher than other
months.

» Time-of-day tariffs should be implemented for larger customers to encourage them to shift demand to off-peak hours.

» EDL should distinguish between commercial and residential customers at different voltage levels, given their costs of
supply at different voltage levels will vary significantly.
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1. INTRODUCTION

In this section we summarise the objective of this study and outline the structure of the report.

1.1 Objective of this study

This study’s objective is to undertake a cost of service study to facilitate sector reform

The objective of this study is to conduct a cost-of-service study and tariff analysis for the electricity industry in Lebanon,
which will facilitate the reform of electricity tariffs, reduce costly financial transfers, and better address affordability
for disadvantaged households. A key output of the study is to estimate the Government subsidy required to cover the
difference between Electricite Du Liban’s (EDL's) forecast revenues and costs.

1.2 Timing, data sources and key assumptions

This report was first prepared in late 2018 and relies primarily on 2017 data

Although this final report is dated early 2020, a first draft was issued to the World Bank and Ministry of Energy and Water
(MEW) in late 2018. This report therefore relies primarily on data made available by EDL and MEW for the calendar year
2017, along with a few data points from 2018 that were provided during the review process.

The analysis is heavily reliant on inputs and assumptions prepared by the Ministry

As noted throughout the report, we define our ‘base case’ scenario based on inputs and assumptions provided by MEW
advisors, who were in close consultation with EDL staff. Most of these inputs and assumptions were settled on after
significant discussion with us (the consultant) and on review of our draft report. In a few cases we (the consultant) formed
significantly different views on the appropriate assumptions. We therefore also present an ‘alternative case’ scenario to
test the impact of different inputs and assumptions.

Issues arose during data collection, but they do not affect the overall conclusions of this report

There were often issues with the data provided by EDL — not due to a lack of effort or cooperation on EDL's part, but rather
due to inadequate reporting frameworks at EDL. While we (the consultant), World Bank staff, and advisors to MEW went
to considerable effort to reconcile data issues, not all were resolved.

Data issues, alongside the inherent challenge of modelling a power sector facing such challenges (high unserved energy,
reliance on Government subsidies, underperformance by the utility, etc.), mean that most numbers detailed in this report
should be treated with caution. While we do not have confidence that the numbers presented in this report are precise,
we do have confidence in the key conclusions and recommendations made.
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1.3 Structure of this report

The remainder of this report comprises of four main sections, as illustrated in the figure below.

Figure 1 Structure of this report

2. Current situation

Sets the scene by describing the challenges facing the Lebanon power sector.

Source: ECA
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3. Demand and supply of electricity

Describes estimated demand for electricity in Lebanon and provides an overview of
MEW plans to meet that demand.

4. Cost of service / revenue requirement

Describes EDL's future costs and the revenue that it needs to cover those costs, given
various assumptions about the future. It also sets out the likely impacts on required
Government subsidies, given assumptions about future tariff increases.

5. Tariff design and revision

Sets out recommendations for revising the structure of EDL's tariffs, to increase revenue
in the short term and improve the efficiency of price signals in the medium to long term.
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2. ASSESSMENT OF THE CURRENT
SITUATION

In this section we set the scene by describing the challenges that the Lebanon power sector is currently facing. These
challenges help explain why current demand for power is uncertain (Section 3), they impact heavily EDL's cost of supply
and revenue requirement (Section 4), and they influence our recommendations on tariff design (Section 5).

2.1 Shortage of generating capacity

EDL is supplying around two thirds of electricity demand, although demand is uncertain

The electricity sector in Lebanon is served primarily by EDL, a vertically integrated utility that relies mostly on its own
generating plants, supplemented by a few small IPPs (mostly hydro) and some temporary generation (in the form of
privately-owned floating power barges).

The electricity sector has suffered from a shortage of supply for many years, dating back to the civil unrest of the 1970s,
1980s, and early 1990s. In the past, Lebanon relied heavily on imports from Egypt and Syria, but in recent years imports
have been minimal, due in part to escalation of the war in Syria.

EDL estimated that it supplied only 59% of demand in 2016 and 67% of demand in 2017, with most of the remainder
supplied by private generators at higher tariffs, as illustrated in Figure 2 below.

Figure 2 EDL estimate of electricity demand and supply, 2016 & 2017
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In 2017, average EDL supply was 1,717 MW* which is 218 MW more than in 2016 and was higher in the second half of the
year. Average demand in 2017 was estimated at 2,609 MW and had two peaks: the main one in summer months where
the average demand was 2,846 MW (measured between the 1st of June and the 30th of September) and a smaller one in
January and February. The unserved demand was on average 891 MW over the course of 2017.

41,692 MW as measured at the exit of the high-voltage system, grossed up for EDL's estimated losses on the high-voltage
system (1.5%)
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It is likely that EDL’s estimate of peak demand, 3,511 MW in 2017, is an underestimate.
But ultimately demand is uncertain.

EDL estimates demand by substituting load-shed feeder data with supply data in the same hour on previous days. In
other words, the missing values were populated with feeder data recorded in the same hour on the previous day.

EDL estimatedits 2017 peak demand to be equalto 3,511 MW5 (on the 1st of August). We think this may be an underestimate
of the actual peak demand. This is because customers reportedly shift some of their consumption to private generators,
many of which are not metered. The load factor estimated on the basis of EDL data is 74%, whereas nearby Jordan has
a load factor of 67% which is more in line with other international benchmarks.

We understand that during late 2018, when most private generators began to be metered, EDL saw significant increases
indemand. This appears to confirm our expectations — customers had been shifting consumption away from EDL because
most private generators had been unmetered, whereas once private generators were metered customers began shifting
consumption back to EDL. Overall, it is difficult to form a reliable estimate of demand until all consumption is metered
and reported. We discuss this further in Section 3.1.

The supply shortfall is mostly due to the shortage of generating capacity

In total, EDL has approximately 2,200 MW of generating capacity whereas EDL's estimated peak demand is around 3,500
MW (and is likely even higher). This results in significant shortage of generating capacity. The supply shortfall is also
partly because of generation curtailment to reduce the fuel bill, in particular by running inefficient OCGT plants at below
capacity.

2.2 Reliance on oil-based fuels

EDL'’s generation is predominantly from expensive fuel oils

EDL's 2017 power mix is depicted in Figure 3. The majority of EDL's generation capacity is produced using expensive
fuel ail® (73% in 2017), followed by temporary generation, also running on fuel oil (20%), imports (4%) and renewables -
mostly hydro (3%).

Figure 3 Mix of 2017 EDL generation by source

Imports
Renewables 4%,

3% |

Temporary
generation
20%

Source: ECA analysis based on EDL and MEW data

5 3,458 MW as measured at the exit of the high-voltage system, grossed up for EDL's estimated losses on the high-voltage
system (1.5%)

6 Both heavy fuel oil and light fuel oil (diesel)
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The split of generation costs is shown in Figure 4. The cost of fuel oil generation accounts for 67% of total generation
costs, followed by temporary fuel oil generation costs (27%), imports (5%) and renewables (1%). Temporary generation
is therefore relatively the most expensive source of power — it accounts for approximately 27% of EDL's generation costs
but contributes only 20% to the total 2017 power generation. Comparing generation sources in this manner is not strictly
fair — the cost of temporary generation includes rental/capital/energy costs, whereas the other generator per unit costs
do not (the capital costs of those plants are either not included in EDL books or are mostly fully paid off). Renewables, on
the other hand, are the cheapest source of power in relative terms — they contribute 3% to the total power generation but
incur only 1% of total costs.

Figure 4 Mix of 2017 EDL fuel and IPP costs by source

Imports
Renewables 5%
1%

Temporary fuel oil
generation

27%

Source: ECA analysis based on EDL and MEW data

Figure 3 and Figure 4 focus on variable costs and hence only fuel and Independent Power Producer (IPP) costs (including
energy conversion works for the temporary power barges) are included. Capital expenditure (capex) of EDL owned
generation and operation and maintenance (0&M) costs are not considered here.

Many of EDL'’s plants are old and EDL has been reliant on temporary generation for several
years now

Figure 5 shows fuel consumption by type of fuel in 2017. The majority of EDL's power plants operate on gas oil (38%),
followed by fuel oil (grade B, 32%) and fuel oil (grade A, 30%).

Figure 5 Fuel consumption by type of fuel, 2017

Gas Qil

Fuel Oil (Grade
=)

Source: ECA analysis based on EDL and MEW data
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Power plants running on fuel oil include Zouk, Jieh, Zouk Recip and Jieh Recip. The former two are older units,
commissioned in the 1980's with the availability factor of around 65% and derated capacity of 440 MW in total. Both use
steam turbines and it is not possible to switch them to LNG when it becomes available.

The latter two units are reciprocating engines which were commissioned in 2017. The total design capacity of both units
is 272 MW and the availability factor is 88%. Despite currently operating on fuel oil, they can be switched to LNG in the
future.

Zahrani and Deir Amar are CCGT units which currently operate on gas oil but can operate on LNG as well. The total
derated capacity of the two power plants is 870 MW and their availability factors average around 81%. They were both
commissioned in early 2000's.

Baalbak and Sour (Tyr) have a total derated capacity of 120 MW and an average availability factor of around 40%. They
are both OCGT units currently operating on gas oil, but they can be switched to LNG when it becomes available. The
remainder of EDL's generating capacity comes from one hydro power plant (capacity of 12 MW) and a biomass power
plant (capacity of 7 MW).

One fifth of EDL's power generation is produced using temporary power barges. EDL has been incurring the Energy
Conversion Works for several years now, which means that with hindsight, it would likely have been cheaper to have
invested in permanent capacity, rather than keep paying high take-or-pay charges. KPS Zouk and KPS Jieh have a total
design capacity of 370 MW and an availability factor of around 95%. In 2017, Lebanon also imported power from Syria
which constituted 4% of total power generation.

The Independent Power Producers (IPPs) operate 4 hydro power plants with a total design capacity of around 270 MW,
The availability factor and averages around 14% of design capacity. The Hrayche steam turbine is the only IPP that
operates on fuel oil. Its derated capacity is 45 MW and the availability factor of around 50%.

The table and figure below provide a summary of existing generating units in Lebanon. The summary includes EDL's own
generating units, temporary generation (power barges) and IPPs. More information is available in Annex A2.
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Table 1 Summary of current generating units

Current Technology Design Derated Avg MWh Heat rate IPP energy
fuel type capacity capacity capacity generated (metric charge
(MW) (MW) factor (%) in 2017 T/MWh)  ($/MWh)
Existing EDL
Zouk Fuel Oil Steam 607 300 65% 2,018,973  0.26
(Grade A)  Turbine
Jieh Fuel Oil Steam 343 140 68% 774,518 0.34
(Grade A)  Turbine
Zouk Recip  Fuel Qil Recip 194 194 88% 1,225,320 0.18
(Grade B)
Jieh Recip  Fuel Oil Recip 78 78 87% 495,973 0.18
(Grade B)
Zahrani Gas 0Oil CCGT 469 435 89% 2,618,972  0.16
Deir Amar  Gas Qil CCGT 464 435 73% 3,207,727  0.19
Baalbak Gas Oil OCGT 64 60 36% 170,708 0.26
Sour (Tyr) Gas Oil 0CGT 72 60 44% 250,818 0.28
Safa Hydro Hydro 13 12 9% 10,633
(Richmaya)
Naameh Biogas Biogas 7 7 105% 40,937

Existing - Barges’

KPS Zouk Fuel Oil Recip 187 185 95% 1,536,262 019 49
(Floating)

KPS Jieh Fuel Oil Recip 187 185 95% 1,636,262  0.20 49
(Floating)

Existing - IPPs

Litani Hydro Hydro 199 47 45% 242564 40

Nahr Hydro Hydro 32 17 44% 72,548 26

Ibrahim

Bared Hydro Hydro 17 6 56% 33,214 26

Kadisha Hydro Hydro 21 15 45% 65,425 26

hydro

Hrayche Fuel Qil Steam 75 45 51% 200,461 0.30 54

(Grade A) Turbine

Imports

Syria 240 26% 542,630

Source: ECA analysis based on EDL and MEW data

7 The table assumes a 50% split between the two power barges as only the total value for temporary generation was provided
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Figure 6 Share of EDL energy generated in 2017
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Source: ECA analysis based on EDL and MEW data

EDL has a mix of reasonably efficient plants and very old inefficient plants

Figure 7 and Figure 8 provide more detail on average fuel cost by power plant, based on 2017 data. Among EDL's power
plants, Sour (Tyr) and Baalbak are most expensive with the average cost of $0.167 per kWh. High fuel costs and inefficient
running of power plants led EDL to curtailing their output in order to keep fuel costs down.

The average cost of running the old steam turbines (Jieh, Zouk and Hrayche) is between $0.108 and $0.157 per kWh. This
is despite the power plants running on relatively inexpensive fuel oil, suggesting the efficiency of these power plants is
very low.

Deir Ammar and Zahrani gas turbines are among EDL's most efficient plants (average cost of $0.115 per kWh) but they
are running on expensive gas oil which increases average costs. The two new recips (Jieh and Zouk) operate efficiently
on fuel oil and are the cheapest source of power ($0.085 per kWh). The power barges (KPS) have similar fuel costs as the
new recips (Jieh and Zouk), although their fuel price includes a small margin to cover transport and insurance.
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Figure 7 Fuel, O&M, and IPP costs by plant, 2017 (at crude price of $54/bbl)
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Figure 8 Fuel and 0&M costs by EDL plant, 2017 (at crude price of $54/bbl)

Sour s 1.5
Baalbak R 1.8
Deir Amar oS 1.6
Zahrani oo 2.0
a0 B— <
RE Jieh NGEN 2.1
RE Zouk NG 20
Hrayche oG -
Jieh TS 2.5
Zouk ITORN 16
- 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

Gas oil

Fuel oil

m Fuel cost (2017) = O&M cost

Source: ECA analysis based on EDL and MEW data



2.3 High network losses

Around a third of EDL’s energy produced/purchased is lost

EDL network suffers from high technical and non-technical losses which sum up to 34% of total energy sent-out (ie,
produced or purchased). Based on EDL data, transmission technical losses were estimated to be around 609 GWh in
2017 (4% of total energy entering the transmission system) while distribution technical losses amounted to 1,421 GWh
(13% of energy entering the distribution system).

After deducting technical losses, commercial/non-technical losses account for around 20% of energy sent out (28%
of energy entering the distribution system), which is exceptionally high. As a comparison, nearby Jordan has total
distribution losses (including both commercial and technical losses) of 12.9% and transmission losses of 1.7%. And
these losses are not especially good by international standards.

Theft and billing errors are the primary cause for concern

High non-technical losses most likely result from theft and billing errors. MEW and EDL are planning to implement a
smart meter programme to target illegal connections and irregular meter reading, which should help reduce these
high numbers. The share of losses in total energy sent out is illustrated in Figure 9.

Figure 9 Share of energy produced/purchased, 2017
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Source: ECA analysis based on EDL and MEW data

High losses result in high costs of supply
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EDL's fuel costs plus IPP costs sum up to $0.11 per kWh sent out. Once 34% losses are added, the cost goes up to
$0.16 per kWh sold (billed). After accounting for EDL's other operating costs (including generation O&M, staffing costs,
network repairs and maintenance) and financing costs (relating to past investments), the cost further increases to
$0.24 per kWh sold®. This is the cost incurred by EDL before any profits are added and prior to any adjustments for the
collection rates. The breakdown of costs is illustrated in Figure 10.



Figure 10 EDL's cost of supply, 2017
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Source: ECA analysis based on EDL and MEW data

2.4 Collection issues

EDL had issues collecting revenues in 2016 and 2017, but these should now be resolved

EDL collected most (98%) of its billed revenues in 2015, which is apparently in line with historical collection rates. EDL's
billing datain 2016 and 2017 is incomplete. However, the limited data that has been provided suggests that the collection
rate was much poorer and as low as 66% in 2017.

According to EDL data, the energy sent out (i.e. energy produced and purchased) increased by around 21% from 2015 to
2017. EDL's tariffs did not change over this period, and assuming losses also remained unchanged, revenue billed ought
to also have increased by around 21% from 2015 to 2017. Yet EDL data on revenue collected shows that revenue collected
declined by 21% from 2015 to 2017. This implies a collection rate of only 66%, i.e. bad debts of over 30% (Figure 11).

We were informed that the sharp drop in collections is due to the Distribution System Providers (DSPs) pausing their
collection activities during parts of 2016 and 2017. Apparently one DSP covering around 40% of EDL customers did not
collect anything. As a result, in 2018, bills from 2016 and 2017 were still being collected. Going forward, EDL expects
collection issues to be resolved. It is also possible that EDL will recover some of the 2016 and 2017 arrears in future
years, as discussed later in this report.

Figure 11 Estimated revenue billed vs revenue collected
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Poor collections further increased EDL’s cost of supply in 2017

Figure 12 shows the percentage of revenue collected in 2017 using the latest available data. Revenue billed and not
collected accounts for 22% of total energy entering EDL's system. Even though EDL expects to collect most of the
remaining revenue, it should prioritise timely collection of bills in the future. This is important in ensuring the financial
stability of EDL.

Figure 12 Share of energy produced/purchased (2017)
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Source: ECA analysis based on EDL and MEW data

Poor collections combined with high network losses mean that EDL only collected cash revenues on 44% of the electricity
it sent out and that its total cost of supply in 2017 was $0.36 per kWh collected. Going forward, EDL expects collection
rates to return to the historical levels (98% in 2015), so the exceptionally high cost of service in 2017 should be an
anomaly.

2.5 Significant private generation

The shortfall in EDL supply is mostly met by private generation providers

EDL estimates that it supplied only 59% of demand in 2016 and 67% of demand in 2017. The long-lasting undersupply of
electricity has made room for private generation companies which over years have become EDL's competitorin Lebanon’s
electricity sector. By offering to supply power during the country’s blackout hours, private generation companies have
been able to charge high prices and earn significant profits.

Until recently private power generators were mostly unmetered, and subscribers were charged based on a flat fee which
further incentivises the consumption of electricity supplied by private generators over the one supplied by EDL.

In late 2018 the Ministry began enforcing regulations that all private generation should be metered, and that customers
should not be charged more than the Ministry’s published rates (which vary based on the capacity of connection). As of
late 2018, the average cost of private generation is reportedly around $0.30 per kWh which is estimated based on official
charges imposed by the ministry.

EDL'’s inefficient networks results in a high cost of generation, similar to private generation
tariffs

As discussed in section 2.2, EDL has a mix of reasonably efficient plants and very old inefficient plants running on
expensive fuel. This results in high fuel costs which averaged $0.11 per kWh in 2017 (Figure 13). EDL's networks are

inefficient with total losses of around 34% (section 2.3). This increases the average cost of supply to $0.16 per kWh. On
top of that, EDL also incurs financing and opex costs which further increase the cost of supply to $0.24 per kWh
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This compares with the cost of private generators of around $0.23 per kWh, at 2017 oil prices’. Private generator owners
use small units which run on relatively expensive diesel and the tariff must also recover capital costs. The fact that EDL's
costs are not significantly lower than private generation illustrates how efficient EDL's supply is.

Figure 13 EDL's operating costs vs private generation, 2017
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Private generation tariffs are not directly comparable with EDL tariffs

There are however reasons why tariff for private generation is not directly comparable with EDL tariffs:

» Providers rely to a large extent on foreign labour at low wage rates, which significantly cuts the operating costs.
» They use EDL power poles, thereby avoiding investments.

« The private networks are of lower quality standard (e.g. aluminium cables).

The requirement to meter private generation will result in load shifting onto EDL

The recent requirement to meter private generation has significant implications for the sector. Customers no longer have
an incentive to shift load onto private generation. In fact, they will now be inclined to shift load onto EDL (with whom they
pay lower tariffs). This effect appears to be showing up in the latest EDL demand data where EDL's average demand was
9% higher in November 2018 than in November 2017.

2.6 Reliance on Government subsidies

Reliance on fuel oils, high losses, and low tariffs results in high Government subsidies

The Lebanon power sector has relied on Government subsidies for decades. The majority of EDL's power plants are
old and inefficient and run on relatively expensive fuels, which results in total fuel expenses of around $1,317m in
2017. Power purchases were the second highest expenditure and were $320m in 2017. In this subsidy calculation we
only detail cash costs, including other operating costs of $274m, but accordingly to EDL there is another $400m (or
thereabouts) unaccounted for'®. In total, the cash operating costs for 2017 were around $1,900m while revenue collected
by EDL was only $640m.

According to 2015 billing data, EDL's average tariff is around $0.09 per kWh sold (billed) while the operating costs were
around $0.20 per kWh sold. We rely here on 2015 billing data as advised by EDL, since the 2016 and 2017 meter reading
and billing activities have been disrupted by Distribution Service Provider and EDL strikes. This means thatin 2017, EDL's

9 Based on 2018 regulation methodology, adjusted for the price of crude oil ($54 per barrel in 2017 vs $71/bbl for 2018)

10 EDL recorded cash costs of $274m related to other operating costs such as generation O&M costs, staff costs, and admin
costs. However apparently some costs were not paid or recorded and EDL's estimate of the true accounting cost is
approximately $670m.
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tariff billings only covered around 45% of its average operating costs. Tariffs have not changed since 1996 when oil prices
were around $21 per barrel, which, with Brent prices being around $60 per barrel at the time of writing, leaves tariffs far
below cost recovery levels. EDL has been reluctant to increase the tariffs while not being able to offer 24/7 electricity
supply, fearing it might face strong opposition from the public.

EDL'’s apparent poor collection rate further reduces coverage of costs

Because the collection rate was only 66% in 2017, EDL's operating costs were around $0.36 per kWh collected, suggesting
that EDL only covered about a third of its operating costs in 2017. We were informed that the poor collection rate should
be considered as an anomaly and we expect that the cost per kWh sold will decrease as EDL collects the remaining bills.

Low collection rates mean that in 2017, EDL had to rely on the government subsidy of around $1.3bn to cover the
difference between EDL's operating costs of 1.9% bn and revenues collected of $0.6bn (Figure 14).

Figure 14 Government subsidy provided (2017)
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The use of additional temporary generation to meet demand would have increased the subsidy

As an exercise, we investigated what would happen to EDL's accounts if it had used additional temporary generation to
meet the existing supply shortage. For this simple analysis, we assume that fuel and energy costs of additional power
barges would have been the same as the existing barges. And we calculate power purchase costs by multiplying unmet
demand (~7,400 GWh, including network losses) by average KPS power purchase costs ($58/MWh) and fuel costs ($70/
MWh). We assume that all of EDL's other costs would remain constant. The result is additional generation costs of
approximately $1bn, as illustrated in the figure below.

To calculate EDL's revenue from additional power sales, we assume tariffs remain at the same level and scale up 2017
revenue by the demand met by additional power barges (ie, we assume the same collection rate). This results in additional
$0.3bn revenue collected'” and therefore an increase in the subsidy of around $0.7bn.
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Figure 15 Government subsidy if power barges had been used to meet demand (2017)
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3. DEMAND AND SUPPLY OF ELECTRICITY

In this section we describe our estimate of demand for electricity in Lebanon and provide an overview of the Ministry of
Energy and Water (MEW) plans to meet that demand. We forecast demand and supply under two cases — a base case as
provided by MEW and an alternative case that is more conservative.

3.1 Demand forecast — base case

In the base case, we adopt MEW's demand forecast, as detailed in the sub-sections below.

3.1.1 Current demand

EDL estimates peak demand of 3,511 MW in 2017

As described in Section 2.1, EDL estimated its peak demand to be around 3,511 MW in 2017. The estimation was carried
out by substituting load-shed feeder data with supply data in the same hour on previous days. As noted earlier, customers
likely had shifted some of their demand to private generators that were not metered. However, there is no reliable
estimate of the extent of this load-shifting and therefore MEW prefer to rely on EDL's estimate of 3,511 MW.

Displaced Syrians contribute around 400MW of peak demand

The presence of Syrians displaced by the civil war further increases the gap between the demand and supply of electricity
in Lebanon. A recent report by UNDP and MEW on the impact of the Syrian crisis on Lebanon’s power sector suggests the
influx of displaced Syrians hasincreased peak demand in Lebanon by 348-486 MW."?

Figure 16 shows the impact of displaced Syrians on the national grid.In 2012, the total electricity consumption of displaced
Syrians was estimated to be around 32 GWh and has significantly increased over the past few years. In the figure below,
we assume the current impact of demand generated by displaced Syriansis 477 MW and 1,511 GWh in 2017.

Figure 16 Electricity consumption in Lebanon, 2009-2017
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12 AEMS, 2017, 'The Impact of the Syrian Crisis on the Lebanese Power Sector and Priority Recommendations’, report prepared
for the Ministry of Energy and Water and the United Nations Development Programme (UNDP), February.
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Demand is inherently uncertain, given the current situation in Lebanon

Forecasts of future electricity demand are heavily dependent on the estimates of current electricity demand, which are
inherently uncertain due to power generation shortages and shifting demand to private generators.

3.1.2 Future demand

MEW forecasts 3% demand growth, plus a one-off reduction when tariffs are increased to cost-
recovery levels

In the base case, we adopt MEW's growth assumptions of:

« 3% growth in electricity demanded (at the point of supply, including non-technical losses) per annum from 2017
onwards.

« A one-off reduction in demand of 8% in 2021 following a substantial tariff increase (as detailed in Section 4.10).

MEW forecasts that losses can be reduced by around 23% over the next four years
In the base case we also adopt MEW's aggressive loss reduction forecasts of:

» Reduction of total losses from 34% in 2018 to 10.6% in 2022, with most of these reductions happening from 2019 to
2021.

A breakdown of assumed losses is provided in the table below.

Table 2 Base case - forecast of system losses

Loss type 2019 2020 2021 2022 2023

Non-technical % of energy 20.4% 20.6% 145% 7.5% 3.6% 3.6%  3.6% 3.6% 3.6% 3.6%
losses sent out

Technical % of energy  13.5% 13.4% 10.6% 9.3% 8.2% 7.0% 7.0% 7.0% 7.0% 7.0%

losses sent out

Total losses % of energy  33.9% 34.0% 251% 16.7% 11.9% 10.6% 10.6% 10.6% 10.6% 10.6%
sent out

Source: MEW

The result is that the total energy that needs to be sent out does not grow significantly from
2017 to 2023

Forecast demand growth is largely offset by the reduction in losses, such that the resulting forecast of energy that
needs to be generated or ‘sent out’ in 2023 is similar to 2017, as illustrated in the table and figure below. Only after
2023 does the required energy sent out start to grow by 3% per year.
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Table 3 Base case - forecast of demand energy balance

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Energy billed 14162 14,503 16,701 19,004 19,125 19,734 20,326 20,936 21564 22,211
(GWh)

Non-technical 5,084 5319 3,717 1,719 803 792 816 840 865 891
losses (GWh)

Technical losses 3,263 3,361 2,615 2,129 1,795 1,541 1,687 1,635 1,684 1,735
(GWh)

Required energy 22,509 23,184 23,032 22,852 21,723 22067 22,729 23,411 24113 24,837
sent out (GWh)

Peak load (MW) 3,611 3,616 3,692 3,564 3,388 3,442 3,545 3,652 3,761 3,874

Source: ECA analysis based on EDL and MEW data
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3.2 Demand forecast — alternative case

Our alternative demand forecast relies on consultant assumptions, rather than MEW
assumptions

In our alternative case, we prepare our own forecasts of demand, as detailed in the sub-section below. The key differences
can be summarised as:

» Current peak demand is higher than EDL/MEW estimates, because load is being shifted to private generation.

e Growth in energy demand is lower than MEW forecasts, based on IMF GDP forecasts and analysis of historical growth
rates.

» System loss reductions are slower / less aggressive than MEW forecasts.
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3.2.1 Current demand

Using a lower load factor increases estimated peak demand to over 4,000 MW

The load factor calculated based on EDL data is 73%. If demand generated by displaced Syrians — which have a low load
factor due to being largely residential — is stripped out, this figure rises to 81%. A load factor of 81% is exceptionally high
for an economy with no significant industrial sector.

Therefore, it may be more appropriate to assume a lower load factor, such as that of nearby Jordan (67%), which is more
in line with other international benchmarks. If one assumes a load factor of 67% (for non-displaced persons'®), the peak
load is estimated to be around 4,060 MW in 2017.

Itis likely that both peak demand and the total energy demand are being underestimated by EDL. However, we only adjust
peak demand, as there is no data available that would allow us to make a reasonable adjustment to energy demand.

Figure 18 Peak load, EDL vs alternative estimate, 2016 and 2017
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3.2.2 Future demand

We estimate that a 1% increase in GDP is associated with a 0.84% increase in final electricity
consumption

We have constructed a forecast of electricity demand using GDP-based regression. Our regression suggests a 1%
increase in GDP results in a 0.84% increase in electricity consumption. The strong historical relationship between GDP
and electricity consumption™ (R? = 0.93) is shown in Figure 19.
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Figure 19 GDP and final electricity consumption, 2009-2017
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Source: ECA analysis based on EDL and MEW data; EDL data; World Bank, ‘Hydropower Development in Lebanon’, Report No: ACS22249,
13 June 2017. Note that energy consumption in this chart does not include estimated demand generated by displaced Syrians

Our regression analysis takes account of the influx of displaced persons in recent years

Our demand forecast is based on the regression of log (GDP) and historical electricity demand (net of demand generated
by displaced persons). Electricity demand will be affected by displaced Syrians whose demand will have different
characteristics to the demand of Lebanese residents. To capture the differences, we isolate the impact of displaced
Syrians on overall electricity demand so that our regression is based on final electricity consumption of Lebanese
residents only.

We then add demand generated by displaced Syrians exogenously to our regression-based forecast. We use the demand
per displaced person from the recent report by AEMS on the impact of displaced Syrians on Lebanon’s power sector.
We also forecast the population of displaced Syrians — we take the GDGS's estimate of 1,500,000 displaced Syrians in
2015 as the starting point and assume that the 3% average annual decline in the number of displaced Syrians registered
by UNHCR applies to the whole displaced population going forward. The result is a decline to approximately 700,000 by
2040 (Figure 20). Altogether we estimate the current impact of demand generated by displaced Syrians to be 477 MW and
1,511 GWh in 2017. These numbers are forecast to fall to 227 MW and 706 GWh, respectively, by 2040.

42



Figure 20 Population projection of displaced Syrians, 2018-40
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IMF forecasts GDP growth of 1% in 2018, increasing to 2.9% by 2022. This leads to electricity
demand growth of 1% increasing to 2.3%

Historical Lebanon GDP data for 2009 to 2017 is sourced from the World Bank database. The GDP forecast comes from
the IMF World Economic Outlook Database, October 2018. IMF forecasts GDP growth of 1% in 2018, increasing to 2.9% by
2022. The growth rate is assumed to stay constant from 2022 onwards.

Our resulting forecast growth in electricity consumption is 1% per year for the next few years, increasing to 2.3% per
year by 2022

We assume a reduction in demand due to tariff increases, as per the MEW assumption

In the alternative case, we adopt a similar assumption to MEW with respect to the effect of tariff increases on demand -
that there will be decrease in demand of 8% due to a tariff increase of 74% (as advised by MEW and described in Section
4.10.1). Although we have not assessed this MEW's assumption in detail, this estimate appears within the plausible
range of demand price elasticities, bearing in mind they will always be inherently uncertain given the unique situation
in Lebanon (two electricity suppliers, historically low tariff, poor quality of grid supply etc). The only change we make to
MEW's assumption is that we spread out the reduction over two years, because we assume the tariff increase is also
spread over two years (as detailed in Section 4.10.2).

We make more conservative assumptions about loss reductions

As discussed in section 2.3, losses are a major issue in Lebanon, and currently account for approximately a third of the
energy sent-out. We derive the energy requirement (i.e. the power that needs to be produced and purchased) by assuming
reductions in losses.

In the alternative case, we make less aggressive assumptions about loss reductions than in the base case. We assume
losses are reduced from 34% in 2017 to 14.6% in 2023, compared to losses of 10.6% in 2022/2023 in the base case. Our
alternative case assumptions are based on discussions with advisors to the World Bank team in Beirut.
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Table 4 Alternative case forecast of system losses

Loss type Unit 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Non-technical % of energy 20.4% 22.6% 21.6% 19.6% 163% 121% 7.6% 7.6% 7.6% 7.6%
losses sent out

Technical % of energy  13.5% 13.4% 10.6% 8.7% 8.2% 6.8% 7.0% 7.0% 7.0% 7.0%
losses sent out

Total losses % of energy  33.9% 36.1% 32.2% 283% 244% 19.0% 14.6% 14.6% 14.6% 14.6%
sent out

Source: MEW

The result is that energy billed is around 10% lower in the alternative case, compared to the
base case
The result is that forecast required energy sent out is quite similar in the alternative case and base case, at least until

2023. But the energy billed is around 10% lower in the alternative case from 2018 onwards, primarily due to smaller loss
reductions. The forecasts are summarised in the table and figures below.

Table 5 Alternative case forecast of demand energy balance

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Energy billed 14,356 14,295 14976 15819 17,320 17925 18,694 19,089 19,494 19,911
(GWh)

Non-technical 5176 6,035 5,536 4,976 3,831 2,820 1,656 1,691 1,727 1,764
losses (GWh)

Technical losses 3,320 3,461 2,637 2123 1,912 1,563 1,533 1,565 1,599 1,633
(GWh)

Required energy 22852 23,791 23149 22919 23,063 22,308 21,883 22345 22820 23,308
sent out (GWh)

Peak load (MW) 4,121 4,288 4,173 4,131 4,157 4,021 3,944 4,028 4,113 4,201

Source: ECA analysis based on MEW inputs
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Figure 21 Alternative case forecast of demand energy balance
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3.3 Supply forecast — base case

MEW expects LNG to be available from 2022 and plans to add significant new gas-fired
generating capacity

The arrival of LNG in Lebanon will shape the electricity sector in the country for many years. MEW expects LNG to be
available in three years from now, meaning that new gas-fired generators could start generating in 2022.
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The investment plan used in this study is based on MEW's plan as of end July 2019. This plan is detailed in Table 6.
It shows that MEW plans to commission:

« Approximately 2,600 MW of new LNG-fired CCGT plants over the next 10 years.

« 1,050 MW of ‘fast-track’ generation, such as LNG-fired containerised reciprocating engines. This fast-track generation
can theoretically be commissioned in 2020 (initially running on fuel oil) and be in place till around 2024, once most of
the CCGT is commissioned.

» Approximately 1,500 MW of new renewable capacity, comprising mostly solar PV and wind, but also a small amount
of new hydro.

MEW expects refine this plan over time, as demand and realistic timeframes for LNG and plant commissioning are better
understood.

Table 6 Base case - planned generation expansion

Name Design Max capacity Technology First year End year
capacity (MW) factor (%)

Fast-track generation

Fast Track Deir Amar 450 90% Recip 2020 2024
Fast Track Jieh 100 90% Recip 2020 2024
Fast Track Zahrani 400 90% Recip 2020 2024
Fast Track Bint Jbeil 50 90% Recip 2020 2024
Fast Track Jib Jannine 50 90% Recip 2020 2024
Gasturbines
DAPPII PPA (OC) 360 89% OCGT 2022 2022
DAPPII PPA (CC) 550 89% CCGT 2023 2028
Zahrani Il CCPP (0C) 430 89% OCGT 2022 2022
Zahrani Il CCPP (CC) 650 89% CCGT 2023 2028
Selaata | CCPP (OC) 500 89% OCGT 2022 2022
Selaata | CCPP (CC) 740 89% CCGT 2023 2028
Jieh New CCPP (0C) 360 89% OCGT 2025 2028
Zouk New CCPP (0C) 360 89% 0CGT 2024 2028
New wind 1 200 40% Wind 2021 2028
New wind 2 400 40% Wind 2024 2028
New PV 1 180 18% Solar 2020 2028
New PV 2 300 18% Solar 2023 2028
New PV 3 360 18% Solar 2024 2028
Janneh Hydro 54 58% Hydro 2022 2028
New Hydro (Daraya, Chamra, 33 50% Hydro 2021 2028

Yamouneh, Blat)

Source: MEW



The fast-track generation is planned to alleviate capacity shortages until CCGT is built and LNG
arrives

At the time of writing, MEW expects LNG to be available in 2022 in Deir Amar and Zahrani, and in 2023 in Jieh and Zouk.
Until that time, the fast-track generation will run on fuel oil. The units will be duel fuel and therefore can be switched to
LNG as soon as that becomes available.

MEW's planned capacity additions will probably still not be enough to meet all future demand

Figure 23 shows available capacity against the forecast peak load between 2017 and 2026. MEW's planned investments
appear to have been calibrated to meet peak demand in 2020 and 2021, although it is likely that there will still be some
unserved demand in these years, because:

 According to MEW's plan, there is insufficient reserve margin (typically around 20% internationally). This means that in
peak hours there will often not be enough capacity to meet load because some plants will not be operational (around
10% of the time in the case of thermal plants, due to maintenance and unplanned outages).

» The renewable capacity, in particular solar and wind, cannot be fully relied on during peak hours.

« Demand is uncertain, as discussed in Sections 3.1 and 3.2.

Figure 23 Base case - available capacity vs peak load, 2017-2026
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Figure 24 compares firm capacity (i.e., capacity that can be relied on, which excludes renewables) against the peak load.
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Figure 24 Base case - firm capacity vs peak load
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Figure 25 compares average available capacity (capacity multiplied by the maximum capacity factor of each plant)
against average load. This is slightly misleading in that while there might be surplus energy available across the whole
year, there will be some hours when demand is less than available energy, and other hours when demand is higher than
the maximum output of the generators.

Figure 25 Base case - average available capacity vs average load

5,000
mmm New - [PPs
4,500
4,000 mmmm New - Fast Track
Generation
3,500
= [mports
3,000
Z 2,500 Existing - IPPs
2,000
1,500 mm Existing - Temporary

generation

II IIIII o
== Average load

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

1,000

500

Source: ECA analysis based on MEW and EDL data

Our forecast energy balance, based on a simulation of system dispatch for every hour of each year, is provided in the
table and figure below.
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Figure 26 Base case - forecast energy supply balance, 2015-2026
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Source: ECA analysis based on EDL and MEW data

In preparing the above energy balance, we simulated the hourly dispatch of EDL generation. It is important to note that
despite EDL's current shortfall in generating capacity, in some hours demand is low enough that EDL does not have to run
its generators at 100%. This is why dispatch simulations are needed to develop reliable estimates of future generation
levels (and costs, as described in Section 4.2).

Dispatch of EDL's generation is illustrated in the figure below, for an example day in February 2024.
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Figure 27 Base case - simulated dispatch of system, first 24 hours of February 2024

3,000
2,500
2,000

£ 1,500

1,000

500

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Zouk New CCPP (OC)- LNG
Fast Track Bint Joell - LNG
mmmm [Fast Track Deir Amar - LNG
mmmm Zouk Recip - LNG
mmmm Fast Track Zahrani - LNG
s 7Zahrani |l CCPP (CC) - LNG
Zahrani-LNG
mmm Kadisha hydro - Hydro
mmmm N ahr Ibrahim - Hydro
mmmm Janneh Hydro - Hydro
mmmm New PV 2 - Solar
mmmm New wind 2 - Wind
Naameh - Biogas

Source: ECA analysis based on EDL and MEW data

A‘East Track Jib Jannine - LNG
mmm Fast Track Jieh - LNG

mmmm Jich Recip - LNG

mm Deir Amar - LNG

mmmm Selaata | CCPP (CC)-LNG
mmmm DAPPIIPPA (CC)-LNG
mmm | itani - Hydro

mm Bared - Hydro

mmmm New Hydro (Daraya, Chamra, Yamouneh, Blat) - Hydro
 ew PV 3 - Solar

mmmm New PV 1 - Solar

mmmm New wind 1 (rate 2) - Wind
mmmm Safa (Richmaya) - Hydro

3.4 Supply forecast — alternative case

In the alternative case we delay fast-track generation and some CCGTs by one year

It was not part of the scope of this study to critically review MEW's generation expansion plan. Therefore, we only make
minimal adjustments in our alternative case to reflect less optimistic commissioning dates. These adjustments are as

follows:

» Fast-track generation is commissioned in 2021, rather than 2020 in the base case

e The new Deir Ammar, Zahrani, and Selaata CCGT plants are delayed by one year from the base case

The resulting forecasts of capacity and energy supplied, when pairing the alternative case demand and supply forecasts,

are shown in the figures and tables below.
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Figure 28 Alternative case — available capacity vs peak load, 2017-2026
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Figure 29 Alternative case - firm capacity vs peak load
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Figure 30 Alternative case - average available capacity vs average load
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Figure 31 Alternative case - forecast energy supply balance, 2015-2026
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Figure 32 Base case vs alternative case — unserved demand, 2015-2026
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4. COST OF SERVICE / REVENUE

REQUIREMENT

In this section we describe our estimate of EDL's future costs and the revenue that it needs to earn to cover those costs,
given various assumptions about the future. We also estimate the likely impacts on required Government subsidies, given
assumptions about future tariff increases.

4.1 Methodology

4.1.1 Defining the revenue requirement

Determining the future cost of supply is one key aspect of setting electricity tariffs

A review of electricity tariffs typically answers three key questions, as summarised in the figure below.

1.

How much do tariffs need to be increased by to cover costs? This part of the tariff study aims to calculate the overall
revenue requirement. It is a purely accounting exercise which does not take tariff design/structure into account.

. How can the tariff structure be adjusted to encourage efficient consumption? This part of the study focuses on

designing tariffs in a way that encourages efficient consumption across customers. It involves the calculation of
approximate marginal costs by service type to ensure that customers are provided with the right price signals.

. What other tariff objectives should be considered? This part of the study provides an analysis of the resulting tariff

levels from a more qualitative perspective. Rather than being a strictly quantitative calculation, it aims to take social
and political considerations into account. Often it will involve affordability analysis to make sure most vulnerable
customers can afford the tariff increase.

Figure 33 Overall approach to setting tariffs
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This section of our report answers the first question (how much do tariffs need to be increased by to cover costs?).
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The second question (related to tariff structure) is answered in Section 5.

The third question (related to other tariff objectives) is outside the scope of this study and is largely a political consideration,
although we do offer strategies in Section 5 that may help minimise the political and social implications of tariff increases.

The revenue requirement is the amount of revenue that EDL needs to collect to cover its costs
and eliminate Government subsidies

EDL's revenue requirement is the amount that EDL needs to collect to cover its overall costs and to eliminate Government
subsidies. Qur approach to calculating the revenue requirement is summarised in the figure below.

Figure 34 Overview of the revenue requirement calculations
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Source: ECA

Our revenue requirement model covers the forecast period of 10 years, from 2017 to 2026. The costs are forecast in 2017
real terms (excluding inflation), in US$. The exchange rate applied throughout the modelis 1,510 LBP per 1 US$.

The revenue requirement is calculated as the sum of four components: fuel and IPP costs, other operating and financing
costs, losses and collections (or bad debt). We elaborate on our calculations in the following sub-sections, butin summary:
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Fuel and IPP costs are estimated by calculating fuel and IPP costs per kWh sent out using our in-house dispatch
simulation modelling tool, Wairoa. Wairoa is an Excel based dispatch model developed by ECA power system experts
that simulates system dispatch on an hourly basis (across the whole modelling period) and takes account of the
average output of generators (after accounting for intermittency of resource, seasonality of output, maintenance,
forced outages etc). Inputs to the model include existing generation, new generation contracts, loss forecasts, demand
forecasts and fuel price forecasts. Fuel and IPP costs will decrease as EDL switches to LNG and renewables and
installs more efficient power plants.

We add other operating costs which are estimated by calculating fuel and IPP costs and other operating costs per
kWh sent out. Other operating costs include generation O&M costs, staff costs, administration costs, network repairs
and maintenance costs, etc'®. Financing costs include existing interest and repayment costs borne by both MEW and
MOF on behalf of EDL and the costs of financing new transmission and distribution investments.

Then we adjust our calculation for network losses by calculating the costs per kWh sold (billed). These costs will
decrease as EDL reduces network losses (and non-technical losses consisting of theft and billing errors in particular).

Finally, we take account of the collection rate by calculating the costs per kWh collected which determines the total
cost of supply. We assume a constant collection rate, on the basis that EDL is confident it can maintain its historically
good collections (and not repeat the decrease in collection rates that happened in 2016 and 2017).



Our approach differs from a typical building blocks calculation

Our above approach is slightly different to revenue requirement formulas applied in mature power markets where tariffs
already cover costs. In those markets, the ‘building blocks’ approach or similar is used.

Our approach to calculating the revenue requirement for EDL is cash-based. The key difference is that cash-based uses
actual debt costs (i.e., interest costs + debt repayment) rather than depreciation + return on capital under the building
blocks approach. Calculated debt repayments will be higher than depreciation, because we assume repayment periods
that are shorter than asset lives. But calculated interest costs are based on assumed concessionary terms — 3% real - and
are only applied to new network investments. Under the building blocks model, return on capital is typically calculated
using a fully commercial cost-of-capital (e.g., 10%) and is applied to all assets regardless of how they were funded. We
believe the cash-based approach is more suitable to Lebanon right now because it better reflects the true cash costs to
EDL and the Government. When Lebanon transitions to cost-recovery tariffs, we recommend shifting to a building blocks
approach (Figure 35).

Another reason for using the cash-based approach is that EDL does not have a complete record of the book value of the
power sector assets that is operates. It appears that some assets have been financed by the Government but not added
to EDL's books.

Figure 35 Revenue requirement — the ‘Building blocks’ model
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Source: ECA

4.1.2 Simulation of future generation

We use a dispatch model to simulate future fuel costs and IPP costs

In this study, we have used data on existing generators, planned investments, as well as loss, demand and fuel price
forecasts to optimise generation dispatch over the forecast horizon. Using the dispatch model, we simulate every hour
of the year between 2017 and 2026 to arrive at the optimal solution. In our simulation, we use the 2016 load profile
with missing data substituted, as described in Section 2.1. As mentioned earlier, it is important to note that despite
EDL's current shortfall in generating capacity, in some hours demand is low enough that EDL does not have to run its
generators at 100%. Therefore, dispatch simulations are needed to develop reliable estimates of future generation costs.

ECA has recently used Wairoa in a range of power plant investment, market pricing and due diligence assignments in
Turkey, Albania, Papua New Guinea, Sri Lanka, and Indonesia. Wairoa's model structure is summarised in the figure
below.
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4.2 Fuel and IPP costs — base case

4.2.1  Key inputs and assumptions

We assume that oil prices remain constant at $66/bbl

To forecast fuel and IPP costs, we assume that the price of Brent Crude Oil remains at $66/bbl from 2018 onwards, as
advised by MEW. This is obviously an important assumption that has a huge bearing on resulting costs and required
sector subsidies.

The resulting assumed costs of different fuel types in Lebanon are as follows':

Table 9 Assumed fuel prices, by fuel type

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Fuel Oil $/Metric 339 288 350 450 420 420 420 420 420 420 420 420
(Grade A) Ton

Fuel Oil $/Metric 339 288 350 450 420 420 420 420 420 420 420 420

(Grade B) Ton

Fuel Oil $/Metric 341 290 352 452 4272 4272 422 422 422 422 422 422

(Floating) Ton

Gas Qil $/Metric 533 451 550 709 662 662 662 662 662 662 662 662
Ton

Source: ECA analysis based on EDL and MEW data

A fuel-cost pass-through mechanism should be introduced

The cost of generation in Lebanon is heavily dependent on international oil prices. The increase in the oil price was
largely responsible for the cost per kWh in 2018 being approximately 27% higher than 2017 levels. To reduce EDL and the
Government's exposure to costs outside of its control, the Government should introduce a fuel price indexation.

Without such a pass-through, Government could increase tariffs to cost-recovery tariffs (ie, as calculated in this report),
a few days or weeks later the oil price could change, and the sector may be again be running a large deficit (or surplus).
Such mechanisms are widespread internationally for power sectors that have significant exposure to international oil
prices.

In the base case, we use MEW's forecast of LNG prices

In the base case scenario, we assume a LNG price in Lebanon of $9.8/mmbtu. This is based on MEW assumptions - 12.5%
multiplied by the price of Brent Crude plus $1.5/mmbtu to cover opex and capex.

We use MEW assumptions regarding fuel efficiencies of thermal plants

Our assumptions regarding fuel efficiency of existing and future thermals plants are summarised in the table below, as
provided by MEW.
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Table 10 Assumed fuel efficiency of thermal plants

Current Fuel Type Technology Year Fuel Fuel Fuel
switch efficiency efficiency efficiency
to LNG with current  with current with LNG

fuel (GJ/ fuel (Metric  (GJ/MWh)
MWh) Ton/MWh)
Existing - EDL
Zouk Fuel Oil (Grade A) Steam 11.6 0.26
Turbine
Jieh Fuel Oil (Grade A) Steam 15.0 0.34
Turbine
Zouk Recip Fuel Qil (Grade B) Recip 2023 7.8 0.18 7.6
Jieh Recip Fuel Qil (Grade B) Recip 2023 8.1 0.18 7.8
Zahrani Gas 0il CCGT 2022 7.3 0.16 6.4
Deir Amar Gas 0il CCGT 2022 8.4 0.19 7.4
Baalbak Gas 0Oil OCGT 2022 11.6 0.26 1.1
Sour (Tyr) Gas 0il OCGT 2022 12.5 0.28 11.9

Existing - Temporary generation

KPS Zouk

Fuel Oil (Floating)

Recip

n/a

8.6

0.19 8.9

KPS Jieh

Fuel Qil (Floating)

Recip

n/a

8.6

0.20 8.9

Existing - IPPs
Hrayche

Fuel Qil (Grade A)

New - Fast Track Generation

Steam
Turbine

13.0

0.30

Fast Track Deir Amar  Fuel Qil (Grade B) Recip 2022 8.6 8.3
Fast Track Jieh Fuel Qil (Grade B) Recip 2023 8.6 8.3
Fast Track Zahrani Fuel Oil (Grade B) Recip 2022 8.6 7.2
Fast Track Bint Jbeil Fuel Qil (Grade B) Recip 2022 10.3 9.9
Fast Track Jib Jannine  Fuel Qil (Grade B) Recip 2022 10.3 9.9

DAPPII PPA (0C) Fuel Oil (Grade B) OCGT 2022 10.8 10.8
DAPPII PPA (CC) Fuel Oil (Grade B) CCGT 2022 7.2 7.1
Zahrani Il CCPP (OC) Fuel Oil (Grade B) OCGT 2022 10.8 10.8
Zahrani Il CCPP (CC) Fuel Oil (Grade B) CCGT 2022 7.2 7.1
Selaata | CCPP (0OC) Fuel Oil (Grade B) 0CGT 2022 10.8 10.8
Selaata | CCPP (CC) Fuel Oil (Grade B) CCGT 2022 7.2 7.1
Jieh New CCPP (0C) Fuel Oil (Grade B) OCGT 2023 10.8 10.8
Jieh New CCPP (CC) Fuel Oil (Grade B) CCGT 2023 7.2 7.1
Zouk New CCPP (0C) Fuel Oil (Grade B) OCGT 2023 10.8 10.8

Source: ECA analysis based on MEW and EDL data



The generation mix will change significantly over the next five years

Based our simulation of system dispatch, as described in Section 3.3 above, we can see the expected shift in EDL's
generation mix. Figure 37 shows a clear shift from EDL generators to IPPs. It implies that:

« All else being equal, IPPs should have significant lower fuel costs than EDL's older existing generators.

« EDL will have to pay charges that cover the capital costs of the new IPPs (EDL no longer bears any capital costs
relating to its older existing generators). So contracting new IPPs essentially trades off lower fuel prices against higher
capacity costs.

Figure 37 Base case — annual average dispatch by generation type
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Source: ECA based on EDL and MEW data

The approximate capacity cost of new CCGTs is around $0.02 per kWh

To calculate IPP costs for new thermal IPPs, we assume that EDL will pay IPP capacity charges for all thermal capacity
- in other words, they will pay per kW of installed capacity rather than per kWh of output. We assume this to ensure
that lower simulated utilisation of new IPPs does not lead to lower IPP costs. If power purchase agreements are instead
structured based on per kWh energy charges, they will almost certainly also come with take-or-pay provisions that mean
EDL pays IPP costs regardless. We convert MEW provided energy charges for new thermal IPPs to capacity charges by
assuming take-or-pay provisions of 70%.

The resulting charges are shown in the table below.
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Table 11 Assumed IPP charges

Technology IPP energy charge IPP capacity charge IPP take or
($/MWh) ($/MW/year) pay %

Existing - Temporary generation

KPS Zouk Recip 49
KPS Jieh Recip 49
Existing - IPPs

Litani Hydro 40
Nahr Ibrahim Hydro 26
Bared Hydro 26
Kadisha hydro Hydro 26
Hrayche Steam 54

Turbine

New - Fast Track Generation

Fast Track Deir Amar Recip 324,996 70%
Fast Track Zouk Recip 324,996 70%
Fast Track Jieh Recip 324,996 70%
Fast Track Zahrani Recip 226,884 70%
Fast Track Bint Jbeil Recip 251,412 70%
Fast Track Jib Jannine Recip 251,412 70%
 New-wPps

DAPPII PPA (OC) OCGT 180,894 70%
DAPPII PPA (CC) CCGT 180,894 70%
Zahrani Il CCPP (0C) 0CGT 156,979 70%
Zahrani Il CCPP (CC) CCGT 156,979 70%
Selaata I CCPP (0OC) OCGT 156,979 70%
Selaata | CCPP (CC) CCGT 156,979 70%
Jieh New CCPP (0C) OCGT 156,979 70%
Jieh New CCPP (CC) CCGT 156,979 70%
Zouk New CCPP (0C) OCGT 156,979 70%
New wind 1 (rate 1) Wind 105

New wind 1 (rate 2) Wind 96

New wind 2 Wind 96

New PV 1 Solar 70

New PV 2 Solar 70

New PV 3 Solar 70

Janneh Hydro Hydro 70

New Hydro (Daraya, Chamra, Hydro 70

Yamouneh, Blat)

Source: ECA analysis based on MEW data



4.2.7 Forecast costs

Switching to LNG will reduce fuel & IPP costs on a per kWh basis

We forecast that the average fuel & IPP cost per kWh sent out will be 22% lower in 2023 than 2018 levels (a decrease
from $0.12 per kWh sent out in 2018 to $0.09 per kWh sent out in 2023), as shown in the figure below. Note that all values
are also shown in real terms, excluding inflation and that these costs include fuel and IPP costs only (they exclude other
operating costs such as generation 0&M costs). The key insight here is that the fuel cost savings from introducing LNG in
2022 and 2023 are expected to outweigh the new IPP costs.

Figure 38 Base case - forecast fuel and IPP costs per kWh sent out
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Source: ECA analysis based on EDL and MEW data
Total fuel & IPP costs will increase because volumes generated increase significantly

The figure below shows that while the per unit cost is expected to come down over time, total costs are expected to
increase because the volume of energy sent out increases significantly.
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Figure 39 Base case - forecast fuel and IPP costs
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4.3 Fuel and IPP costs — alternative case

4.3.1 Key inputs and assumptions

We assume the same fuel prices and plant efficiencies. But different loss reduction and
generation expansion assumptions means different volumes

In the alternative case, we use all the same fuel and IPP cost assumptions as the base case. The only difference is that
the volumes of energy generated by plant are different, as detailed in Section 3.4 above. In particular, loss reductions are
smaller (and therefore generation is higher) and some new IPPs are delayed by one year.

The resulting generation mix is summarised in the figure below. The key insight is that in the alternative case EDL relies
on its existing generators for longer and therefore total volumes generated are lower.
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Figure 40 Alternative case - annual average dispatch by generation type

3,000

2,624
2,569 %
2,4642:516

2,500

. o 1,717 1,727 1,756 1,786

2129
g 1,500
1,000
50

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

=

Source: ECA based on EDL and MEW data

4.3.2 Forecast costs
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In the alternative case, fuel and IPP costs are lower due to less generation (and more

unserved demand)

The resulting forecast fuel and IPP costs in the alternative case are similar in per kWh terms to the base case, despite
some new IPPs being delayed. This shows that it is the arrival of LNG that is most critical bringing down per unit costs,
rather than the commissioning of new plants. Total fuel and IPP costs decrease in the alternative case because a smaller
volume is generated (due to capacity constraints). The obvious downside to this is more load shedding / unserved demand.

Figure 41 Alternative case - forecast fuel and IPP costs per kWh sent out
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Figure 42 Alternative case - forecast fuel and IPP costs
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Source: ECA analysis based on EDL and MEW data
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4.4 Other operating costs

4.4.1  Key inputs and assumptions

Other operating costs are forecast by starting from EDL’s 2017 estimate and escalating some costs
Other operating costs comprise the following:

+ Generation O&M costs'’

« Non-generation O&M costs
» Salaries

» Administration costs

« EDL estimates that its other operating costs were $672m in 20178, Around $210m of this relates to generation 0&M
costs.

We forecast other operating costs by keeping generation 0&M costs fixed (in real terms) and by escalating all other
operating costs by two percent per annum, as advised by MEW.

447  Forecast costs

EDL’s other operating costs will increase to around $760m per year

Figure 43 shows forecast other operating costs between 2017 and 2026. EDL's other operating costs are currently around
$672m per year, out of which generation O&M costs account for approximately 30%.

In terms of cost per kWh generated/sent-out, other operating costs will decrease to around 3c per kWh once new
generating capacity is added. This compares to fuel and IPP costs of around 10c per kWh. While we have not critically
reviewed EDL's estimate of other operating costs, there does appear to be significant scope to improve efficiency.

Figure 43 Forecast of EDL's other operating costs between 2017 and 2026

900 0.05
0.04 005 0.04

800 752 762 0.05

700 710 720 730 ¥
0.04
700 mmmm Generatio
600 expenses
0.03 3
500 + mmmm Non-
£ 003 3 generation
R < O&M
= costs
0.02 =
o 0.02
4 0.01
=CO=Per kWh
100 0.01 generated

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Source: ECA analysis based on EDL and MEW data

17 Generation O&M costs are both fixed and variable in nature, but data limitations with respect to variable costs by plant meant
that we could not reliably link variable O&M costs to the dispatch simulation, and therefore had to estimate them separately

18 In 2017, EDL reported non-fuel and non-IPP operating costs of $268m were paid. However, we understand that this is a
significant underestimate of costs because not all costs were actually paid or properly recorded. We did not get full clarity on
how this large difference arose, but we have been assured by EDL and MEW that the $672m value is a better estimate.
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4.5 Financing costs

451 Key inputs and assumptions

Existing financing costs are based on existing MEW and EDL electricity sector debt

We have calculated existing and future financing costs using loan data provided by MEW. These include debt on EDL's
books, as well as MEW's debt on projects which relate to the energy sector. It should be noted that some of the loans are
currently being repaid by the Ministry of Finance (MOF) as EDL does not earn enough revenue to cover all its financing
costs.

New network financing costs are based on the EDF transmission plan and DSP investment plans

Network capex consists of transmission and distribution capex. Our cost forecast assumes transmission capex of around
$58m per year until 2024 and then $33m per year until 2026. The figure is based on the 2017 Electricité de France (EDF)
Transmission Master Plan'® which assumes approximately $353m will be spent between 2017 and 2023 with further
$201m spent between 2024 and 2030.

The forecast of distribution capex is based on estimates by the Distribution Service Providers that were provided to MEW.
The forecasts average $83m per year out till 2026.

Figure 44 Forecast network capex, 2015-2026
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Source: ECA analysis based on EDL and MEW data

To convert capex costs into financing costs, we assume that new loans will be serviced at concessionary rates (3% interest
and 15 years repayment schedule).
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4.5.2 Forecast costs

The cost of financing network investments is expected to rise to around $114m per year
by 2025.

Figure 45 shows a forecast of EDL's financing costs until 2026. The cost of financing investments was approximately
$30min 2017 (1% of total costs) and is expected to rise to around $114m (4% of total forecast cost of supply) by 2026. This
increase is caused by the fact that EDL's existing network is aging and needs heavy new investment. It also potentially
reflects the fact that not all historical investment has been recorded as debts to MEW, MOF, or EDL.

Figure 45 Forecast financing costs, 2017-2026
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In per kWh terms, network financing costs are still small, approaching half a cent per kWh sent out by 2026.

4.6 Cost of network losses — base case

4.6.1 Key inputs and assumptions

To forecast the cost of supply in the base case we use MEW'’s assumption that total losses are
reduced to 10.6% by 2022

In the base case, we adopt MEW's assumption that total losses are reduced to 10.6% by 2022, as discussed in Section
3.1.2 and illustrated in the figure below. The decrease is a result of an assumed decrease in commercial/non-technical
losses from 20.4% in 2017 to 3.6% in 2021, and an assumed decrease in technical losses from 13.5% in 2017 to 7%
in 2022. The investment plans associated with these losses, as provided by DSPs, are detailed in Section 4.5 and are
therefore included in the overall cost.
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Figure 46 Base case - forecast losses (%)
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4.6.2 Forecast costs

Losses add 8c per kWh in 2017, but less than 2c per kWh by 2022

High network losses significantly increase the cost of EDL's supply — from $0.16 per kWh sent out (covering fuel & IPP
costs, other operating costs, and network financing costs) to $0.24 per kWh sold in 2017 (Figure 47). This implies a $0.08
per kWh sold cost of losses in 2017.

By 2022 losses have reduced such that the implied cost of losses is only $0.015 per kWh, as illustrated in the figure below.

Figure 47 Base case - forecast cost of supply per kWh sold
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4.7 Cost of network losses — alternative case

4.7.1  Key inputs and assumptions

To forecast the cost of supply in the alternative case we use the more conservative assumption
that total losses are reduced to 14.5% by 2023

In the alternative case, we use a more conservative assumption that total losses are reduced to 14.5% by 2023, rather
than 10.6% by 2022 in the base case, as discussed in Section 3.2.2 and illustrated in the figure below. This difference
is due to assumptions about non-technical loss reductions (assumed technical loss reductions are the same in both
scenarios). The investment plans associated with these losses, as provided by DSPs, are detailed in Section 4.5 and are
therefore included in the overall cost.

Figure 48 Alternative case - forecast losses, 2017-2026
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4.7.7 Forecast costs

In the alternative case, losses add around 3c per kWh to the cost of supply from 2022 onwards

In the alternative case the smaller loss reductions means that the cost of losses is much more significant — around $0.05
per kWh in 2021 and $0.03 per kWh in 2026, as illustrated in the figures below. The cost implications of the difference
between the base case and alternative case peaks at over $500m in 2020, although the exact cost of losses depends on
other assumptions such as the timing of generation expansion.
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Figure 49 Alternative case - forecast cost of supply per kWh sold
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Figure 50 Base case vs alternative case - forecast cost of supply per kWh sold and cost implication
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4.8 Collection improvement

4.8.1 Key inputs and assumptions

EDL only collected cash revenues on approximately 44% of the electricity it produced &
purchased in 2017, due to DSP strikes

The underlying data suggests that EDL only collected cash revenues on approximately 44% of the electricity it produced
and purchased in 2017, as detailed in Section 2.4.

Exceptionally low collection rates in 2017 have significantly increased EDL's costs for that year. The cost per kWh sent
out (i.e. before adjusting for losses and collections) was $0.16 per kWh in 2017. After the adjustment for losses is made
(but before we account for collection rates), the cost per kWh sold increases to $0.24 per kWh. Once EDL's losses and
collection rates are accounted for, the cost per kWh collected increases further to $0.36 per kWh.

MEW and EDL expect these issues to be resolved and collections to return to historical levels of
~95%

MEW and EDL expect to collect the remaining 2017 revenues bringing the share of revenue collected close to the historical
levels of 95%. Therefore, in our cost forecast beyond 2018, we have assumed that collections increase EDL's cost of
supply only by a small percentage (approximately 5%).

4.8.2 Forecast costs

Bad debt only adds small increases (~5%) to EDL'’s cost of supply from 2018 onwards

Because we assume only 5% bad debt in future years, the collection rate only adds slightly more than 5% to EDL's cost of
supply, as illustrated in the figure below.

Figure 51 Base case - Forecast cost of supply per kWh sent out, sold out and collected
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4.9 Total costs / revenue requirement

4.9.1 Basecase

The introduction of LNG and new CCGTs should reduce costs by around 3c per kWh

Figure 52 presents a summary of future estimated costs of supply, before losses and collections are considered. It
includes fuel & IPP costs, other operating costs, and network financing costs. In 2017, these costs are equal $0.16 per
kWh sent out. with fuel and IPP costs accounting for approximately 70% of the total. From 2022 onwards, when LNG is
expected to arrive and new CCGTs begin being commissioned, total costs are forecast to drop to around $0.13 per kWh
sent out. In other words, the fuel cost savings from using LNG are expected to outweigh the cost of new IPP payments, to
the extent that total costs are expected to reduce by around $0.03 per kWh.

Figure 52 Base case - forecast cost of supply per kWh sent out (excluding losses and collections),
including other operating costs and network investment costs
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Large loss reductions will bring about cost savings of around 6c per kWh

EDL's 34% losses means that its cost of supply of $0.16 per kWh sent out becomes $0.24 per kWh sold, as shown in
the figure below. In the base case, we assume aggressive loss reductions in line with MEW assumptions. The result is a
reduction in the cost of supply per kWh sold of around $0.06 per kWh (in 2017 losses cost $0.08 per kWh and by 2021

losses they cost $0.02 per kWh).
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Figure 53 Base case - forecast cost of supply per kWh sold
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The total cost reflective tariff is around 0.16$ per kWh from 2022 onwards

As above, collection rates were poor in 2016 and 2017, but are expected to be high from 2018 onwards, and therefore
only have a small effect on the total revenue requirement, as shown in the figure below. The final a cost of supply per kWh
collected that reduces from around 0.27$ per kWh in 2018 down to 10.6$ per kWh in 2022 as losses are reduced, new
generating capacity is added, and LNG is used to fuel generators.

Figure 54 Base case - forecast cost of supply per kWh collected
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The total cost of supply increases by up to $1bn due to increased volumes generated

Although the per unit cost decreases significantly over time, as illustrated above, the total cost of supply increases
significantly over the same period due to EDL generating more power. The forecast cost peaks at about $3.25bn in 2020
and levels out at around $3bn from 2022 onwards. As discussed previously, this assume the oil price stays constant at
$66/bbl.

Figure 55 Base case - forecast cost of supply
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4.9.2 Alternative case

In the alternative case the per kWh costs are higher. The 2022 cost-reflective tariff is around
$0.17 per kWh

In the alternative case, the per unit costs of supply remain higher for longer, as illustrated in the figures below. Before
2022 the cost-reflective tariff is significantly higher in the alternative case - e.g., in 2021 it is $0.21 per kWh versus $0.18
per kWh in the base case. From 2022 the cost of supply in the alternative case levels out at around $0.17 per kWh (rather
than $0.16 per kWh in the base case). This difference is caused primarily by smaller loss reductions.
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Figure 56 Alternative case - forecast cost of supply per kWh sold
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Figure 57 Alternative case - forecast cost of supply per kWh collected
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Figure 58 Base case vs alternative case - forecast cost of supply per kWh collected
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Total costs are generally lower in the alternative case, due to less generation, but unserved
demand is higher

Despite the higher unit costs, the total costs of supply in the alternative case are lower than in the base case because less
energy is generated, due to delays in commissioning new IPPs. This however comes at an obvious economic cost, due to
higher unserved demand in the alternative case. This is illustrated in the figures below.

Figure 59 Alternative case - forecast cost of supply
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Figure 60 Base case vs alternative case - forecast cost of supply and unserved demand
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4.10 Subsidy impacts

4.10.1 Base case

We assume that historical sector arrears are recovered and that tariffs will be increased to
cost-recovery levels of $0.16 per kWh in 2020

We calculate the required subsidy sector as the difference between EDL's total cost of supply and EDL's total revenues.
To forecast EDL revenues, we adopt MEW's assumptions in the base case:

» Sector arrears, totalling ~$2bn, are collected between 2019 and 2024. These arrears include collection arrears
related to the DSP strikes (~$209m), DSP enhancement arrears ($368m), and public administration and Palestinian
refugee arrears ($1,500m). In total, this translates to average arrear recovery of $340m per year.

« From 2020 onwards, tariffs will be set at a level that will eliminate the subsidy (16c per kWh in 2020, a 74% tariff
increase), which coincides with the commissioning of fast-track generation and therefore most demand being met by
EDL supply.

The subsidy is forecast to be $1.7bn in 2018 and $1.3 in 2019, and reduced to zero in 2020
The resulting sector subsidies that are required to cover EDL's costs of supply until tariffs are increased are $1.7bn in

2018and $1.3in 2019, as shown in the figure below. As noted elsewhere, this assumes that oil prices remain fixed at $66/
bbl. Without a fuel cost pass-through mechanism, subsidies will be very sensitive to oil price changes.
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Figure 61 Base case — forecast subsidy and cost-reflective tariff
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4.10.2 Alternative case

In the alternative case, we assume that most arrears are not recovered and that tariff increases
are phased - $0.13 per kWh in 2022 and $0.17 per kWh in 2023

To forecast EDL revenues in the alternative case, we assume the following:

« Most sector arrears are not recovered. Only $200m per year is collected in 2019 and 2020 respectively, related to
DSP enhancement payments.

« Tariffs are increased by 40% in 2022 (to $0.13/kWh) and 30% in 2023 (to $0.17/kWh), such that 75% of costs are met
in 2022 and 100% in 2023.

Under these more conservative assumptions, the subsidy is between $1.4bn and $1.8bn till
2022 when LNG arrives and tariffs are increased

The resulting sector subsidies that are required to cover EDL's costs of supply are $1.8bn in 2018, $1.4bn in 2019 and
2020, and $1.8bn in 2021.In 2022 LNG arrives and the first tariff increase kicks in, which reduces the subsidy to $0.6bn.
In 2023 the second tariff increase eliminates the subsidy altogether. As noted elsewhere, this assumes that oil prices
remain fixed at $66/bbl. Without a fuel cost pass-through mechanism, subsidies will be very sensitive to oil price changes.
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Figure 62 Alternative case - forecast subsidy and cost-reflective tariff
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Figure 63 Base case vs alternative case — forecast subsidy and cost-reflective tariff
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5. TARIFF DESIGN AND REVISION

In this section we set out our recommendations for revising the structure of EDL's tariffs, to increase revenue in the short
term and improve the efficiency of price signals in the medium to long term.

5.1 Current tariff structure

The current tariff structure is described in the two tables below.

Table 12 EDL energy charge

Voltage Customer category / block LBP/kWh USc/kWh

Residential and commercial

1-100 kWh 35 2.3
101 - 300 kWh 55 3.7
301 - 400 kWh 80 5.3
LV 401 - 500 kWh 120 8.0
Over 500 kWh 200 13.3
Government and Public Admin 115 7.7
Agriculture and Industrial 115 7.7
Public lighting 115 7.7
Residential and commercial 130 8.7
Government and Public Admin 140 9.3
MV (<100 kVA)
Agriculture and Industrial 140 9.3
Palestinian Camps 130 8.7
All
Night 80 5.3
MV & HV (>100 kVA)
Day 12 7.5
Peak 320 21.3
Jbeil 75 5.0
Zahle 50 3.3
Concessions
Bhamdoun 75 5.0
Kadisha 61 4.1

Source: EDL sources, summarised by ECA
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Table 13 EDL other charges

Charge LBP uUs$
Reverse energy charge (LBP/kVARh, >0.75) 50 0.03
Standing charge (LBP/A/month, 220V customers) 240 0.16
Standing charge (LBP/kVA/month, >220V customers) 1,200 0.80
Meter charge (per meter/month, <9kVA customers) 5,000 3.3

Meter charge (per meter/month, >9kVA customers) 100,000 66.7

Source: EDL sources, summarised by ECA
The current tariff structure is characterised by the following key features:

« Low voltage customers are separated into the following customer categories: (i) Residential and Commercial, (ii)
Agriculture and Industry, (iii) Government and Public Admin, (iv) Street Lighting?.

» Residential and commercial customers pay the same tariffs and are not distinguished in EDL's billing database.

» Residential and commercial pay for energy under a rising block tariff structure, which has five bands, the charge for
which rises from $0.02 to $0.13 per kWh.

» Other low-voltage customers pay a flat-rate energy charge.

* Medium voltage customers are separated into similar customer categories, with the main difference being separate
categories for Palestinian camps and distribution concessions: (i) Residential and Commercial, (ii) Agriculture and
Industry, (iii) Government and Public Admin, (iv) Palestinian Camps, (v) Concessions.

« All medium voltage customers pay a flat-rate energy charge, except for those which pay a Time-0f-Use (TOU) tariff.

+ The TOU tariff applies to high demand customers (>100 kVA) and is in three-parts: (i) night rate, (ii) day rate, and (iii)
peak rate. It varies from $0.05 to $0.21 per kWh. The three-part rate is the same year-round.

« The distribution concessions pay a lower (bulk) charge than customers who are directly supplied by EDL.

+ All customers pay a fixed monthly metering charge, which is either $3 per month if the capacity of the connection is
less than 9 kVA, or $66 per month if the capacity is greater than 9 kVA,

+ All customers pay a fixed monthly charge based on the capacity of their connection, which is $0.16 per A per month
for low voltage customers and $0.80 for all other customers.

* Medium voltage customers pay a reactive power charge if their kVARh exceeds 0.75.

5.2 Approach to revising tariff structures

5.2.1 OQverall approach

First cost-recovery, then more efficient price signals

EDL's tariffs are currently far below cost recovery levels. This means that consumers currently face prices that do not
reflect either average or marginal costs of supply.

To encourage efficient consumption, EDL's first order of priority should be to increase tariffs to something approaching
average cost-recovery levels. Once cost-recovery is achieved, EDL can turn its attention to the detail of the tariff structure
and how it can be tweaked to better reflect marginal costs. Without cost-recovery, EDL will remain reliant on high
Government subsidies, which puts the sustainability of the whole sector at risk.

20 The information we received for EDL regarding the tariff structure varied in its definition of tariff categories, perhaps due to
translation from Arabic. Some sources showed an additional category of Schools and Churches.
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Therefore, in the following sections we make two different sets of recommendations, each with a different objective:

* Inthe shortterm, how can the tariff structure be adjusted to improve cost-recovery? Lebanon’'s Government appears
committed to tariff increases, but there are numerous options for applying those increases, i.e. will they be applied
uniformly (all charges increase by the same amount) or targeted to particular customer types? Targeted increases
may help minimise the political ramifications of increases.

* In the medium to long term, once cost-recovery is achieved, how can the tariff structure be adjusted to improve
economic efficiency? This is informed by calculations of the marginal cost of supplying different types of customers.

The importance of economic price signals

As above, once EDL achieves cost-recovery, its focus should turn to designing tariff structures that encourage economic
efficiency. Tariffs encourage economic efficiency if customers pay prices for electricity that equal the marginal cost of
supplying electricity at different voltages, and at different times of the day or different seasons of the year.

When setting economically efficient tariffs, one must, however, recognise the practical constraints of metering. Fully
cost reflective tariffs would be complex and complex tariffs require meters that allow consumption to be read by time of
day and season of the year. Such meters are more expensive than conventional kWh-only meters and the benefits (cost
savings) from introducing complex tariffs together with more complex meters can outweigh the costs of those meters.
Falling costs of electronic smart meters over the past few years has meant that it is now more attractive than before to
introduce complex tariffs and electronic meters for smaller customers.

The other practical constraint on introducing complex cost-reflective tariffs is that small electricity users will often not be
willing to spend enough time and effort to understand complex prices. The benefits of smart meters and complex tariffs
are therefore lessened for small users. Despite a growing trend internationally toward smart meters for residential
users, the cost-benefit balance in relation to smart meters for households is still debatable.

5.2.2 Economically efficient tariff structures

Different types of charges should be applied to reflect different types of marginal costs

Ideally, tariff structures should reflect the drivers of costs. This implies that an ideal tariff structure will comprise the
following elements:

« The fixed costs of generation and network capacity should be recovered through charges based on demand (kW) at
time of system peak demand, as this is the driver of investment needs.

« Time-varying energy (kWh) charges should be used to recover the variable costs of electricity supply in each interval.

 Fixed or standing charges (per customer) should be used to recover the costs of customer-related activities such as
metering, billing and collections which do not vary with customer demand or consumption.

+ Reactive power charges (kVArh) should be used to provide incentives for customers to improve their power factor
and, therefore, reduce the costs of supplying them.
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Figure 64 Theory of tariff design
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In practice, tariffs will deviate from this ideal structure for many reasons including issues of acceptability, simplicity and
cost of metering relative to the benefits achieved from more complex tariff structures.

Customer categories should reflect the costs of supply

Customer categories should ideally be based on the principles of minimising the numbers of classes as far as possible,
for reasons of transparency and simplicity, while still capturing major differences as regards cost drivers. In addition, the
definitions should be capable of easy verification in order to avoid the risk of classifying customers in categories they do
not actually belong.

The two cost drivers that we typically focus on are:

- Voltage level of connection. This is both a key determinant of costs and is a readily observable means of classifying
customers.

» Consumption profile. Costs of service to individual customer classes are driven by their contribution to system peak
demand and energy consumed in peak hours.

5.3 Recommendations to improve cost-recovery

5.3.1 Target high consumption blocks

Residential and commercial customers make around two-thirds of EDL’s revenues

Figure 65 shows the share of EDL's billed revenues by customer category. Around two thirds of EDL's revenue comes
from residential and commercial customers, who pay for energy under a rising block tariff. The second highest share in
billed revenues comes from medium and high voltage connections (21%).
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Figure 65 Share of EDL's billed revenues by customer category, 2015
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Source: ECA analysis based on EDL and MEW data

The high consumption block is where EDL earns most of its revenues, but most households
likely fall in the low consumption blocks

Figure 66 presents the share of energy consumption by block, taking into account residential and commercial customers
only. The graph shows that customers in the last tariff block (>500 kWh) consume 32% of energy, followed by customers
in the middle block (101-300 kWh, 30%) and lowest block (0-100 kWh, 23%).

Figure 66 Share of residential and commercial energy consumption by block (2016)
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Source: ECA analysis based on EDL and MEW data

Figure 67 presents revenues charged to each of the customer category. Even though the highest tariff block consumes
only 32% of energy, the revenue charged accounts for 62% of total revenues in the residential and commercial category.
The middle block category (101-300 MWh) accounts for 16% of revenue charged while the remaining categories are
charged less than 10% of variable charge revenue each.
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Figure 67 Share of residential and commercial variable charge revenue by block (2016)
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A full breakdown of energy billings and associated revenues in provided in Table 14 below.

Table 14 Energy consumption and revenue by tariff category in 2016

MWh consumption Tariff Consumption Energy charge Revenue % MWh % Revenue from
by block block (MWh) ($/kWh) ($m) Energy Charges
Residential and 1-100 1,124,261 0.023 26 15% 5%
commercial

Residential and 101-300 1,463,934 0.037 54 19% 10%
commercial

Residential and 301-400 422,417 0.0563 23 5% 4%
commercial

Residential and 401-500 285,305 0.080 23 4% 4%
commercial

Residential and >500 1,522,715 0.133 203 20% 37%
commercial

Residential and Medium 46,599 0.09 4 1% 1%
commercial tension

Agriculture and - 66,050 0.08 5 1% 1%
industrial

Government and Low 7,258 0.08 1 0% 0%
public admin tension

Government and Medium 37,015 0.09 3 0% 1%
public admin tension

Public lighting 226,043 0.08 17 3% 3%
MV & HV connections 2,506,798 0.08 192 33% 35%

Source: ECA analysis based on EDL and MEW data
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EDL was unable to provide information on the number of customers consuming within each consumption block. It is
safe to assume that the majority of households consume within the first two consumption blocks. This is because those
blocks account for 53% of residential and commercial consumption, despite spanning a consumption range of only 300
kWh per month. The highest consumption block (>500 kWh per month) is open ended and it is likely that a comparatively
small number of connections are responsible for a large share of this consumption (32% of residential and commercial
consumption).

Significant subsidy reductions require widespread tariff increases

To illustrate impact of different strategies for increasing EDL's revenue, the table below shows the estimated increase in
EDL's total revenue arising from different types of tariff increases. For example, it shows that:

» EDL could leave the first two consumption blocks untouched and increase all other tariffs by 50% (scenario 5 in the
table below) and achieve a revenue increase / subsidy decrease of ~$0.6bn.

« EDL could leave the first two consumption blocks untouched and increase all other tariffs by 94% (scenario 6 in
the table below) and achieve a decrease in Government subsidy in 2020 of ~$1.2bn, which under the base case
assumptions should be enough to eliminate the subsidy altogether.

Table 15 Example tariff increase scenarios

Tariff adjustment scenario % increase in total Increase in 2020 Average tariff

EDL revenues billed revenue ($bn) level ($/kWh)

1 First four residential & commercial consumption  17.5% 0.29 0.1
blocks combined into a single block and the
energy charge for that combined block set to
$0.08 per kWh

2 Residential & commercial energy charge 15.8% 0.26 0.1
increased by 50%, except the first two blocks

3 Energy charge increased by 50% for all 17.9% 0.30 0.11
customers that are not LV residential &
commercial

4 All customers’ energy charges increased by 50%, 33.7% 0.55 0.12

except the first two blocks

5  All customers' tariffs (both energy and fixed) 39.3% 0.64 0.13
increased by 50%, except the first two blocks*

6 All customers' tariffs (both per energy and fixed)  74.0% 1.19 0.16
increased by 95%, except the first two blocks*

*EDL was unable to provide a breakdown of connection numbers by customer type. For the purposes of calculating expected impacts on
per connection revenues (related to fixed charges), we assume that 50% of connections fall within the first two blocks: Residential and
Commercial: 1-100, Residential and Commercial: 101-300 categories.

Source: ECA analysis based on EDL and MEW data

5.3.2 Separating out commercial connections would allow better targeting

Commercial customers should not be receiving subsidised power

Another possible solution that could help increase EDL's revenue would be to separate residential and commercial
customers, thereby allowing EDL to charge them different tariffs.

Currently residential and commercial customers pay the same tariff under a rising block tariff structure. This

means that commercial customers pay low tariffs for the first increments of monthly consumption, which is rare by
international standards. Some countries subsidise power to make it affordable for low-consumption / poor residential
households. But those affordability reasons do not apply to commercial businesses and there are no strong reasons for
commercial businesses to receive heavily subsidised power as is currently the practice in Lebanon.
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Figure 68 shows average tariffs by customer category. A breakdown of residential and commercial customers is not
available (because EDL does not classify them separately in its billing system), but it does show that average tariffs are
actually very similar across the various tariff categories.

Figure 68 Average tariffs by customer category (2015 billing data)
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Source: ECA analysis based on EDL and MEW data

Separating out residential and commercial customers may allow EDL to increase revenues
without impacting residential households.

Ideally EDL would reclassify existing customers, perhaps as part of the smart meter rollout as there is currently no
reliable record of residential vs commercial customers in EDL's billing database. But this will take significant time.

A quicker approach to differentiating commercial customers (and wealthier residential households) would be to set
charges based on the capacity (rating of the circuit breaker) of a customer’s connection. High capacity customers,
for example those who run air conditioners or commercial equipment, could be charged higher tariffs. This approach
might allow EDL to do away with the rising block tariff structure altogether.

An example tariff structure varying by capacity of connection is shown in the table below.

Table 16 Example tariff structure varying by capacity of connection

Connection capacity Volumetric charge Fixed charge
[lamp=>1[]amp [1USc/kWh [1$/amp/month
[lamp=>I[]amp [1USc/kWh [1$/amp/month
[lamp=>[]amp [1USc/kWh [1$/amp/month
[lamp>I[]amp [1USc/kWh [1$/amp/month
[lamp=>I[]amp [1USc/kWh [1$/amp/month
Source: ECA

In the absence of billing data on residential and commercial customers, we are unable to reliably estimate the effects
of separating out residential and commercial customers.
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5.3.3 Poor households could be targeted directly

Increasing social benefits under the National Poverty Targeting Program could mitigate the
impact of tariff increases

In increasing tariff levels, we want to make sure that the most vulnerable households are not significantly affected by
price increase. Currently all residential and commercial customers pay low tariffs for the first increments of monthly
consumption. One way to increase tariffs while maintaining the social protection would be to increase tariffs in the
first few consumption blocks, and instead protect poor households through other more direct mechanisms such as
increasing the social assistance benefits under the National Poverty Targeting Program (NPTP) or similar. The NPTP
database currently includes 60,000 households (~5% of the populations) who are classified as extremely poor.

An alternative solution would be to protect vulnerable households by classifying them within EDL's billing database and
charging those household a lower tariff. However, consumption in the first two tariff blocks only makes up less than 15%
of EDL's tariff revenue, so the impact would be limited. As an example, setting the tariff to $0.08 per kWh for the first four
blocks would only increase total EDL revenues by approximately 18%.

5.4 Marginal cost of supply

5.4.1 Methodology

We estimate the marginal costs of energy, generation capacity, and network capacity, separately
for each customer category

To estimate EDL's marginal cost of providing electricity for different customer groups, we follow four steps:

« Estimate the marginal cost of generation, both with respect to capacity ($/kW) and energy ($/kWh), and then use
estimated network losses to estimate it by voltage level,

+ Estimate the marginal (incremental) cost of networks investment ($/kW), by voltage level;

+ Calculate the total marginal costs, i.e. for both generation and networks investment, for each customer group based
on their voltage level, and load profile; and

» Allocate the total marginal costs to different seasons and times of the day, based on the annual and daily system load
curves (i.e. when the annual peak occurs)

As per Section 5.3 above, EDL should first prioritise cost-recovery before improving the economic efficiency of its tariff
structure. This means that marginal cost calculations are unlikely to be used till around the time that LNG arrives, i.e.
when EDL is likely to be able to cover its costs. We therefore calculate marginal costs for the year 2022. In calculating
marginal costs, we assume supply equals demand (i.e. there is no load shedding).

5.4.2 Marginal cost of generation

The marginal cost of generation capacity is $173 per kW, before adjusting for losses

We assume that future peaking generating capacity will be provided by open cycle gas turbine generators, given their
relatively low capital costs and the future availability of LNG in Lebanon.

We assume a cost of $143,725 per MW of capacity. This is based on the following:

« Overnight cost of $1m per MW, based on MEW advice.
» Project development costs of $15,000 per MW.

 Interest during construction of 9.1% per year, with an assumed construction profile of 10% in year 1, 45% in year 2,
and 45% in year 3.

« The resulting all-in cost is $1.174m per MW.
« Converted to an annualise cost at a discount rate of 9.1% and a life of 25 years, gives $120,525 per MW.

« Plus $23,200 per MW for annual fixed O&M costs.
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On top of the $143,725 per MW per year for generating capacity, we add 20% as a reserve margin. This gives a total cost
of $172,570 per MW of capacity.

To allocate this by voltage level, we assume the following split of network losses in 2022.2!

Table 17 Assumed split of technical network losses for year 2022

Network At system peak Average

(voltage level) (% of total sent out demand) (% of total sent out demand)
HV 4.0% 3.0%

MV 2.8% 2.1%

LV 6.5% 4.9%

All 13.3% 10.0%

Source: EDL data and ECA assumptions

The resulting marginal cost of generating capacity is summarised in the table below.

Table 18 Marginal cost of generating capacity by voltage level ($/kW of capacity)

Sent out 172.5
HV 176.0
MV 183.3
LV 191.0
Source: ECA

The marginal cost of energy generated is around 11c per kWh, based on the variable cost of
peaking generators

We assume that the cost of the marginal ‘peaking’ OCGT generator is $10.6 per MWh sent out. This is based on the
forecast cost of LNG-fired OCGT generators at an LNG price of $9.8/mmbtu (and an oil price of $66/bbl).

Table 19 Marginal cost of energy generation by voltage level ($/kWh)

Sent out 0.106
HV 0.109
MV 0.112
LV 0.117
Source: ECA



5.4.3 Marginal cost of network investments

The marginal cost of network investments is calculated using the LRAIC method

The Long Run Average Incremental Cost (LRAIC) method is typically used to estimate the marginal cost of network
investment. This method essentially calculates average cost of new investments required to meet additional demand
over a period of 10 years or more. It is described in the following formula:

=investment cost in year i

r I ; where:
Z (1 + r)i I

i

_ =l
LRMCT - T AMW. T = planning horizon
272 AMW =incremental load relative to previous year
i=1 (1 + I’) r = discount rate

The resulting marginal cost is expressed as the annualised?? network capacity cost per kW per year. This cost is then
subsequently adjusted upwards for incremental fixed O&M expenses.

The marginal cost of transmission network capacity is around $45 per kW per year, based on the
EDF Masterplan

To estimate the marginal cost of HV network investments in Lebanon, we use the 2017 Updated of the Transmission
Masterplan, prepared by EDF. The study estimates total capex of 353 million Euro between 2017 and 2023, and 201
million Euro between 2024 and 2030. Converting these to US dollars and spreading the cost evenly across the two
periods, results in annual costs of $58m between 2017 and 2023, and $33 million between 2024 and 2030. EDF estimated
that cost based on an increase in peak demand of 1,688 MW over the ten-year period from 2017 to 2026. The resulting
long run cost is $38 per kW per year. To that we add fixed 0&M expenses, which we assume are 2% of per kW investment
costs (before they are converted to an annual amount). The resulting total LRAIC for the HV network is $44 per kW per
year.

The marginal cost of distribution network capacity is around $77 per kW per year, based on DSP
investment forecasts

To estimate the marginal cost of MV and LV network investments in Lebanon, we use the estimated costs of investment
distribution networks, as provided by the DSPs to MEW. These costs are approximately $83m per year over the next ten
years. We assume that 50% of these costs are attributable to the MV network and 50% to the LV network and that fixed
0&M costs on the networks is 4%. The resulting LRAIC for MV and LV networks is $34 per kW per year and $29 per kW
per year respectively.

The total network marginal cost applying to the whole network is $110 per kW per year

The resulting marginal costs are summarised in the table below. The costs differ by voltage level of supply due to
different power losses at each level.

Table 20 Marginal cost of network investment

Voltage level MC of HV network MC of MV network MC of LV network Total

of supply ($/kW/yr) ($/kW/yr) ($/kW/yr) ($/kW/yr)

HV 43.9 43.9

MV 45.7 33.6 79.3

Y 47.6 33.6 29.1 110.3
Source: ECA
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5.4.4 Total marginal cost by customer category

Total marginal costs are $301 per kW per year for generation and network capacity plus 12c per
kW for generation energy, after adjusting for losses

Summing the marginal generation costs and marginal network investment costs results in the total marginal costs
shown in the table below.

Table 21 Total system marginal costs

Voltage level MC of MC of HV MC of MV MC of LV Total MC of MC of energy
of supply generation network network network capacity generation
($/kW/yr) ($/kW/yr) ($/kW/yr) ($/kW/yr) ($/kW/yr) ($/kWh)

Sent out 172.5 - - - 172.5 0.106

HV 176.0 43.9 - - 219.8 0.109

MV 183.3 45.7 33.6 - 262.6 0.112

LV 191.0 47.6 33.6 29.1 301.3 0.117
Source: ECA

To allocate marginal costs between different customer categories, we assume load
characteristics

The marginal costs in the table above are the costs at the system peak. To convert this to marginal costs for each
customer category, we need to adjust for each customer category's load characteristic (coincidence factor and diversity
factor), which are summarised in the table below. In the absence of data from Lebanon, we assume values based on other
countries in the region. These values assume that residential customers define the system peak (have a high coincidence
factor), which is suggested by the evening peak in Lebanon.

Table 22 Assumed load characteristics by customer category

Customer category name Coincidence Factor (%) Diversity Factor (%)
Residential LV 98% 90%

Commercial LV 60% 90%

Commercial MV 65% 90%

Industrial MV 90% 90%

Industrial HV 90% 90%

Agriculture LV 65% 90%
Source: ECA

The resulting marginal costs show that residential households are the most expensive to supply,
because they define the system peak and are connected to the LV network

The resulting marginal costs by category are shown in the table below.
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Table 23 Marginal cost by customer category

Customer type MC of energy generation (USc/kWh) MC of capacity ($/kW/yr)
Residential LV 11.7 266

Commercial LV 11.7 163

Commercial MV 11.2 154

Industrial MV 11.2 213

Industrial HV 10.9 178

Agriculture LV 11.7 176
Source: ECA

Table 24 Marginal cost by customer category, converted to per kWh

Customer type MC of energy generation (USc/kWh)  MC of capacity (USc/kWh)  Total MC (USc/kWh)
Residential LV 11.7 5.3 17.0

Commercial LV 11.7 2.4 14.1

Commercial MV 11.2 2.1 13.2

Industrial MV 11.2 2.5 13.6

Industrial HV 10.9 2.1 13.0

Agriculture LV 1.7 2.4 14.1
Source: ECA

The figure below shows marginal costs by customer category, converted to a single per kWh charge for ease of comparison.

Figure 69 Marginal costs as annual average, in per kWh terms
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Source: ECA analysis based on EDL and MEW data
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The key results shown in the figure, which are in line with the results we would expect based on other countries in the
region, are:

 Residential households are the most expensive to supply, because they are connected to the LV network (which has
high technical losses) and because they define the system peak (and therefore the need for additional generation and
network capacity).

« The marginal cost of supplying residential customers ($0.17 per kWh) is similar to the expected average cost of
supply in 2022 ($0.16 per kWh). Unlike many countries, the difference is not significant because Lebanon does not
have large legacy sources of cheap generation (e.g. hydro).

b.45 Seasonal and time of day variation

Peak demand occurs in the summer evenings

The figure below shows the average demand by season in 2016%. The demand starts increasing from éam until noon and
then it stays relatively flat (although there is a much smaller peak in the evening hours). It is likely that the evening peak
is supressed due to load shifting to private generators (many of which do not meter).

Figure 70 Average demand by season in 2016
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The highest demand occurs in the summer months and varies between 2,281 MW at 6am and 3,177 MW at 9pm (on
average for 2017).
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Demand on weekends is significantly lower

Figure 71 depicts average demand by day of the week in 2016. The highest demand occurs between Monday and Friday
during the working week. On Saturday and Sunday demand is lower due to the commercial activity decreasing over the
weekend.

Figure 71 Average demand by day of week in 2016
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Increases in peak demand require EDL to invest in new capacity, which raises costs of supply

As shown above, demand typically starts increasing from 6am until noon and then it stays relatively flat with a small
peak in the evening hours. It is likely that the evening peak is supressed due to load shifting to private generators (many
of which do not meter), as discussed in Section 3. Increases in demand during peak hours require EDL to invest in new
generation and network capacity. This means that it is much more expensive for EDL to supply energy during peak hours
than during off peak hours. The same logic applies to seasonal effects — capacity costs are mostly incurred during June
to September.

Therefore, all customers for whom the costs installing a smart meter are justified and whom have significant ability
to shift demand, should pay demand/capacity charges that vary by time of day (peak and off-peak) and by season. At
present EDL does apply time of day pricing, but only to the largest customers and there is no seasonal variation.

Marginal costs of energy generation are unlikely vary significantly by time of day or season

EDL's hourly short-run marginal costs are not likely to fluctuate significantly by hour, given future reliance on LNG.
Therefore time-of-day and season tariffs only need to vary based on capacity costs (as discussed above), rather than
based on energy costs.

5.5 Recommendations to improve economic efficiency

First cost-recovery, then cost-reflectivity

Cost-recovery of tariffs should be the first and foremost priority in achieving the sustainability of the power sector. Once
total revenue covers all EDL's costs, EDL can focus on cost-reflectivity, that is designing the tariff structure in a way that
reflects the true costs of supply.

Cost reflectivity is achieved when customers pay different types of charges (energy, demand, standing, etc.) that reflect
the different costs of supply. The price-setting mechanism should be based on the marginal cost of supplying more
power so that customers decision whether to consume more power are based on the underlying cost of supplying that
increment in consumption.
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All MW and HV customers should pay demand charges, to better signal marginal capacity costs

A demand charge is based on the highest power demand in a specified time period. Increased peak demand requires
EDL to invest in new generation capacity and power network, making it more expensive to supply power. Therefore, we
recommend that all MV and HV customers pay demand charges, to better signal marginal capacity costs.

There should be seasonal demand charges to reflect that peak load in summer is significantly
higher than other months

High peak load in the summer (and to a lesser extent winter months) increases the costs for EDL as it needs to switch
on the peaking power plants to meet the additional demand. Introducing seasonal capacity charges would reflect the
increased costs of supply in the summer months and would encourage customers to shift their demand where possible.

Time-of-day tariffs should be implemented for larger customers to encourage them to shift
demand to off-peak hours

EDL's hourly short-run marginal costs are not likely to fluctuate widely by hour — at most the difference between CCGT
and OCGT fuel costs — given the sectors future reliance on LNG-fired thermal plants. Nevertheless, time-of-day tariffs
should still be implemented for large customers to encourage them to shift demand to off-peak hours, thereby saving
EDL capacity costs.

EDL should distinguish between commercial and residential customers at different voltage
levels

The costs of supply at different voltage levels will vary significantly. To reflect those differences, EDL should reclassify
its customers (potentially as part of the smart meter rollout) and base its charges on the customer category and
voltage levels.
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A1l. EDL DATA ON SUPPLY AND DEMAND

A1.1 Average demand/supply over year, 2016
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A1.2 Average demand/supply over year, 2017
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A1.5 Estimated average demand by day of the week, 2016
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A1.7 Estimated average demand by season, 2016

3,500
L ;/\
2,500
2 000 s \\inter
= Spring
1,500 Summer
— Autumn
1,000
500
1234 56 7 89710111213 141516 171819 2021 22 2324
A1.8 Estimated average demand by season, 2017
3,500
3,000 J\
2,500
2,000 s \finter
% pring
1,500 Summer
— Autumn
1,000
500

123 4567 8 9101112131415161718192021 2223 24

104



V)3 :924n0g
0l %Ly 0G1 SoA spoduj elAS
- Skodu]
G o€l %LG GY G/ S9A  Bulgin] wesls (v apesg)|iQ1ang ayoAeiy
9C %GY Gl Lz 0JpAH 0lpAH  oupAy eysipey
9z %98 9 Ll 0JpAH 0JPAH paleg
9 %Y Ll 143 0JpAH 0lpAH  wiyedq| JyeN
oY %GY LYy 661 SaA 0JPAH 0JPAH ey
sddl - bunsix3
by 6'8 9'8 %G6 a8l L8l Lzoz e/u SOA dioay  (Buneold) 110 19n4 uysir Sd
6% 68 98 %G6 Ggl A Lzoz e/u S8\ dioay  (Buneold) 110 19n4 YN0z Sdu
sab.eg - bunsix3y
%G01 A A SOA seboig seboig yauwleeN
%6 zl el 0JpAH 0IpAH (eAewyory) ejes
611 gzl %Yy 09 L 820¢ 220¢ S8\ 1920 110 se9 (4A1) dnos
'Ll 9Ll %9¢ 09 9 8207 zz0e SaA 1920 110 se9 eqieeg
v v'8 %EL aey v9Y 820¢ 220¢ S8\ 1920 110 se9 Jewy JlaQ
7’9 €L %68 Gew 697 8202 zz0e SaA 1922 110 se9 lueJyez
8L 1’8 %L8 8L 8L 9%0¢ €202 SaA dioay (g apeJ9) 10 1an4 dioay yair
9/ 8L %88 V61 V61 9%0¢ €20¢ S8\ diosy (g apeJ9)1i018n4 dioay 3noz
0GlL %89 oyl eve 020¢ S9A  aulgin] weays (v apesg)|iQ 1an4 Elly
9Ll %G9 00¢€ L09 020¢ S8A  BuIqIn| Wesls (¥ 8peJ9) )0 19nd %noz

(UMW (UMW (UMW/r9)13n3 (%) 3Y 104 1033e) (MW) (MW) 9N1 %}

/$) 9baeys  /r9) 9N yum ua.und yum  Ayodede)/aoloey Ayoedes  Ayoeded youms  Ayoeded adfy
ABisua dd] Aouaiyaiang  Aouaidyys j9ang Aigejieay  pajes-ag ubisag Jeak puzy Ieaj w4 ABojouysaj 19n4 juaain)

uoljesauab bunsixy |'zv

NOILVHINdD NO V1vd 104 ¢V

n
o
—



(ie1g
‘Yaunowe, ‘elwey)

0L %05 ee €e  8z0C 0JpAH 0JpAH ‘eAese() 0IpAH maN

0L %86 7S ¥G  8z0¢ 0JpAH 0JpAH 0JpAH yauuer

0L %81 09¢ 09¢  820C 1e105 Je105 € Ad MaN

0L %81 00€ 00 820C Jejos Jejos 7 Nd MaN

0L %81 08l 08l  820C 1e105 Je105 L Ad MaN

96 %0% 007 007  8z0T PUIM PUIM Z puim maN

96 %07 002 00z  8z0C PUIM PUIM (Z @1ed) | puim maN

G0l %0% 002 00z €202 PUIM PUIM (L @3eJ) | puim maN

646'951 801 801 %68 09¢ 09¢  8z0C €20z SOA 1900 (g29pes9)li01dnd  (J0) ddIJ MaN ¥noz
646'951 L'L ZL %68 €202 SaA 1920 (d@ped9)1p1end (22) dd22 MaN yair
646'951 801 801 %68 09¢ 09¢  820C €202 SOA 1900 (d2@pes9)li01dnd  (J0) ddIJ MaN yalr
646'951 L'Z L %68 0vL ov. 8202 220z SaA 1920 (d@ped9)p1end (22) dd2J | BYEEIRS
646'951 801l 801l %68 00§ 00§  zz20¢ 2202 S9A 1900 (g 3pet9)1i01ang (20) dd22 | EYERIBS
646'951 L'L L %68 059 059  820¢ 220z SaA 1922 (g@ped9)1o1eand  (32) dddJ Il luedyez
646'951 80l 801l %68 oew oev 220z 2202 S8A 1920 (d@ped9)loiend  (J0) ddIJ Il luedyez
768'081 L'L A %68 0SS 0SS 8207 zz0e S8A 1920 (9 @ped9) 10 19n4 (22) vdd liddva
768'081 80l 801l %68 09¢ 09¢  z20¢ 2202 S9A 1900 (g 8pel9)1)ip1eng (20) Vdd llddva

ZLy'1Ge 6’6 €0l %06 0§ 0  %c¢o¢ ¢cie S®A didsy (g 8petg))iQ1end BulUUB( gif 3oed] Iseq
ZLy'16e 6’6 €01 %06 0§ 08  vc0¢ 444 SSA dioay (g apeJ9)1i018n4 119q1 juig 1oed] iseq
%88'9¢¢ 'L 9'8 %06 ooY 007  %¢0¢ ¢c0e SOA diosy (g apesg)io1end IUEJYEZ YOB] }SeH
966'72¢ €8 9'8 %06 00l 00L  %c0c €c0¢ SOA dioay (g aped9) 110 19n4 Yalf MoedL 1sed
966'7C¢€ €8 9'8 %06 0sy 0s%  %¢0¢ ¢c0¢ SOA diosy (g epesg)li0lend  Jewy JisQ 3oed] 1sed

uonelIaudg yaeu] i}seq - MaN

(MW/$)  (UMW/$) (UMW/r9)  (YMW/r9)13ny
ab.eyd abieyd 9N Yim JU34JNd Yum
Aydeded ABi1aud S ETRIITE) S IETRITTE)

ddl ddl 1°nd 1°nd

(%) 34 410§
Jojoey Ayoede)
/40)0€)
Anigejreay

(MW)
Ayoedes

pajes-ag

(MW)
Ayoeded

ubisag

9N10}
yaums
1ea)

Aydedes
wt

A6ojou adf)

-y23] 19n4 jua.Ling

(9sed aseq) Co_um._wcwm pauueld ¢°¢V

0



S95S0] 1edluyds}
%0°E %0 %0°E %0 %0°e %S %€ %G %0 %0y %0y %0 % HoSSISUEL

puBwWap WalsAs
91G'9€8'vC  CZL'ELL'WZ  B86L'OLY'EZ 0E€6'8TLTT  TT6'990CC  Z9L'€TL'LT  GOT'TS8'TC  860°CE0'EZ  8GL'E€8L'EZ  CT0G'80S'CC 8YG'CLL'ZZ  LEL'8W7'LL YMIN 1810} pajewiis3
aouejeq Abiaua puewsaq

1N0 JUas
ABJaus

%901 %901 %901 %901 %901 %0°¢C1L %891 %G'LC %7 LE %Ll'LE %9°9¢€ %C 6€ 10 % $9SS0] 18101
1N0 1U8S
ABlaus

%0'L %0'L %0°L %0'L %0°L %E'8 %E'6 %7 LL %G1 %G1 %G1 %91 10 % S9SS0] 1B21UYd3|
1N0 1U8S

ABlaus $9550]

%9°€ %9°€ %9°€ %9'€ %9°€ %L'E %G'L %l 9L %6'CC %9°CC %lCc %9Y¢ 10 % 18J1UY38}-UON

$9s50] Jo AJewwng

uondwnsuod

%0°€ %0°€ %0°€ %0°€ %0°€ %8'€- %G1 %0°€ %0°€ %81 %l€ %  ABJaus ul yimolg
7.8'¢ L9L'¢ 259'c G¥G'e Zr'e 88€'c 79G'¢ 76G'e 919'¢ LLS'E 69%'¢ Gve'e MIN peo] yead
pa3291100 ABJaus

761°00L°Le  929'G8%'0C  £G6'888'6L  L99'60E€'6L  6%C'LYL'8L  LLE'BIL'BL  9CCWS0'8L  9€G'G98'GL  966'LLLEL ¥Z9'€LE'6  GGZ'E0E'0L  0GC'evL'CL YMIN 104 puewsqg
N0 1uas ABisaua

91G'9€8'v¢  ZTL'ELL'WZ  86L'0LY'EL 0E6'8CL'TT  TT6'990CC  C9L'€TL'LT  G0C'CS8'CC  860°CE0'EC  8GL'€8L'EC  20G'80S'CC 8¥G'CLL'ZZ  LEL'8YY'LL YMIN 104 puewaq
L79'7€L'L L11'789'L G90'5E9'L Zr7'L88 L 90C'1L%G'L 787'S6L'L L49'8Z1C LLTL9'T gLLLoee 9lz'e9z'e 990'L1Z'E LET'TTL'E YMIN S385S0] 1821UYI3 ]
$9550)

771168 881'G98 686'6€8 €25'G18 0LL'L6L €L2'€08 G8O'6LL'L 09L9LLE L6Y'61E'S LY%G'€80'G 110688 GL0'€E8Z'S YMIN 1E21UYI9}-UON
payiq Abiaua

LEL'OLZ'CT  918'€9G'LC  #7L'GEL'DC  G96'GZE'0C  LWH'EEL'6L  L0O9WZL'6L  8%77%00'6L  ¥95°004°9L ¥wSL'E0GYL  0OWLL9L'7L  LL7'9LOWL  8LY7'EV0EL YMIN 104 puews(

puewsap jo Alewwing

S)SEJ3.04 sajew}sg/s|en)dy

duejeq puewap jselalo4 |'€VY

A5V 45VH) JONV 1IVE AQ9ddNd 1LSVIJd04 €V

107



%0°€ %0°€ %0°€ %0°€ %91 %677~ %8°0- %L0- %0°€ %L %L'E % Yimolg
%18'€ L9L'E 269'¢ GvS§'e ANA 88¢c'e 794'¢ 26G'E 919'¢ L1g'e 697’ GYe'e YMIN peo] 3esd
%NCEL %NCEL NCEL %N EL NCEL %NCEL %Nl EL Nl EL %N EL NCEL %8'CL NCEL % 103084 pEOT

pa}2a1102 ABiaua

66076891 666'L079L  LLTWTE'GL  LGY'09%'GL  ZGL'0LO'GL  8ZL'0SWL  wG9'LESWL  wLL'87L'ZL  L06'89L°0L 769'698'G Z7E'106'9 1491066 YMIN uonnglisia
pa}281)02 J0u

ing payiq ABisus

LESOLL'L 161'840°L L8L'9%0'L 862'910°L £69'986 0€2'956 2’056 820'G€8 8G1'GZL 911'88LY 9LT'ELLE 891'00¢ YMIN uonnqluisig
pa}281)02 J0U

ing payiq ABiaus

%0°G %0°G %0°G %0°G %0°G %0°G %0°G %0°G %0°G %8'€EE %G'9¢C %EC % uonnglisia

pa)iq AbJaua

G6G'00'8L  06L'087'LL  8GO'LL6'9L  GGL'9L%'9L  0GB8'966'GL  8GE96%'GL  9/48'L8%7'GL  Z0Z'€86'CL  %90%68°0L  04L'LG9'0L  6GG¥L19°0L 6£8'108'6 YMIN uonnqglisig
$3550)

771168 881'G98 686'6€8 £7G6'G18 0LL'L6L €L2'€08 G80'61LL'L 09L'91L'E L67'61E'S L%G'€80'G 110688 G/0'€8Z'G YMIN 1EJ1UYI93-UON
$9550)

%GY %Gy %Gy %Gy %Gy %9Y %E6 %l°0¢ %G'8¢ %l'8¢ %YL %G0€ % 1B21UY29}-UON

pawnsuod Ablaua

6EL'G68'8L  BLE'GYE'BL  LYO'LL8LL  8LT'T6T'LL  0C9'88L9L  LEY'6LL9L  L96'00C'LL  T96'6699L  9GGELC9L  QLELYLGL  69G'66%7'GL  Gl6W80'GL YMIN uonnglisia
$9550] 1B2IUYD3}

€L6766 9%G'G96 7' LEL 0zL'0L6 z19'¢88 ¢0%'0%70°L LGSvEE"L 807'718'L GlLL'TTY'e LGL'Z8EC 820'91€'C 890'%52'C YMIN uoinglisia
S3550] 1BIIUYD3)

%0°G %0°G %0°G %0°G %0°G %09 %L %86 %0€L %0°€L %0€L %0€L % uonnglisia
wa1sAs

uonnqglisip ayi

26706861  7Z6'0LE'6L  0L¥'87L'8L  86ECOC'8L  LET'TLY'LL  €EO'0OYE'LL  8LG'GES'8L  0LEWLS'8L  LLZ'9€9'8L  L9¥'€60'8L  L6G'GL8'LL  786'8EE'LL YMIN burajus ABisug
paniq Abiaus

9€1'902'Y L79'€80'Y 989'796'¢ 0lZ'6%8'¢€ L60'LEL'E 062'829'¢ IAARAA NS 29¢€'LLLE 680'609'¢ 0L6'€0S'E €L6'l0Y'e YAV TAS YMIN uolssiulsued|
S8550) 1B2IUYDIB}

8CL'0YL 14G'8LL 279'L69 TCE'LLY 765'L59 088'75. 7LLY6L G9€'008 L6E'8E6 G90°'LL6 6€0'G68 0£1'898 YMIN uolssiuisued]

S)sedalo

sajewl}sg/s|en)dy

108



$9550] |B2IUYDB}

%0°€ %0°€ %0°€ %0°€ %0°€ %G'€ %G'€ %G'€ %0y %0y %07 %0y % uolssiuisues]
wa1sAs
uoIssIuISuel} 3y}
91G'9€8'Z  ZZL'ELL'wZ 86L'0LY'EC 0£6'8CL'CC GZG'990'CC  GO9'LY77'0C  €6G'CGL'LT  8LGW6E'GL  96L°0EL'GL  €¥8'E0'GL  LOG9EL'EL  860°CLYCL YMIN buliajus ABiaug
091 - - - G62'C L18'0z¢e 8€1'06¢ L6628 LZ9'LL 0€9'C%S 9G.'69 106192 UMW panodwi ABiaug
(Sddl)
909'C6L'8L  6%YV'6LE'BL  G68'08L'LL  6LGLLTGL L0%'7E6'G 708'GLG'L G90'6LL %00'GZS TLS'GES L9 LzL'svy G8E'En9 UMIN  paseyaund ABuau3
(Moed] 1sed
pue Alejodwa])
- - GE]'Z0G'L Gog'L68'L G9L'GL6'L 65906701  8GE'6LG0L L1%'780°E €€0'88Z'¢ FARAAES 006'960'€ 8€8'689'C UMIN  pajesausb ABuaug
(1a3)
6%L'€%0'9 €L9'EEL'G 890°LZL'Y 9%0'09G'Y 8G0'751'8 ZEEWS0'8  E€EOWCCOL  660°C9C°LL  %96'W6C° Ll 8L¥'7L80L 0€1°22G'6 KZAWARE:] UMW  pajesauab ABiaug
asuejeq Abiaud Ajddng
N0 JUas
JETE]
%901 %901 %901 %901 %901 %6°L1 %L1 %16 %0YE %6'€EE %Y CE %YYE 10 % S9SS0] 18301
N0 JUaS
ABJaua
%0°L %0°L %0°L %0°L %0°L %8 %E'6 %901 %Y EL %GEL %NCEL %lEL 10 % EEEERIRERIEEEEIR
N0 JUaS
ABJaua S9550]
%9°€ %9°€ %9°€ %9°€ %9°€ %9°€ %G'L %G1 %9°0¢ %Y'0¢ %6l %ELC 10 % 1E8J1UYI93}-UON

$3ss0) jo AJewwng

109

761°00L'LC  929'68%'0C  LG6'888'6L  L99'60E€'6L  LL6'9vL'8L  GGL'BLL'LZL  ¥#l0TLZ'LL  98T%56'0L G09'98%7'6  €40°185'9  0LE'LES9  8GEWSH'L UMW pa323])0d ABusu3
91G'9€8'¢  ZZL'ELL'WZ  86L'0LY'EC 0E€6'8CL'TC  GZG'990CC  GO9'LY77'0C  €6G'CSL'LT  8LGW6E'SL  961°0EL'SL  E€¥8'EV0'SL  LOG9EL'EL  860CLYTL UYMW no juas ABiauz
L79'7€L'L L11'789'L G90'5E9'L Zv7'L88'L GLLLYG'L 97G'9L9'L 6€0710C G68'9Z9'L L¥G'0€0'C  9%6'620°C 6G1'8TL'L 762'629'L UMIN  S8SS0]1e31uydaa]
$3550)

771168 881'G98 686'6€8 €26'G18 €GL'L6L 896'GYL G¥9'0C9'L 96L'9€C'C bYLELL'E 791140 0¢8'€CS'e 0CL'LY9'C UMIN 1BJ1Uy38}-UON
LEL'0LZ'CC  9L8'E9G'LE  ¥¥L'GEL'DC G96'GCE'0C  L6G'EEL'6L  LLL'6L0BL  606'LLL'8L  LZ8'0EG'LL 006'G86'6 YEL'TY6'6 177'G88'8 YCL'171'8 UMIN pa)ig ABusu3

Addns jo Auewwing

X414
sisedaloq

9102 S10¢2
sajew}s3y/sjenydy

aouejeq Aiddns jsedaloq{ 7€V



pa329)102 AbBuaus

6606891 666'L0Y9L  LLTWTE'GL  LG7'097'GL  0C8'600°GL  906'68Y'EL  Z¥7'689°€EL Y26'9€T'L GLG'LL8'S €0L'LL0E LG7'6T1'E 6LL'TLLY YMIN uonnglaisig
pa}291)02 Jou

Ing pa))iq AbJaus

LESOLL'L L61'840°L L8L'9%0°L 862°910°L 089986 966006 G68'G06 L7G'9.LS G6T'66Y 099°19¢'€ LG8'ESE'T G9e'/8L YMIN uoinqlasig
pa}291)02 Jou

Ing pa))iq AbBJaus

%0°G %0°G %0°G %0°G %0°G %0°G %0°G %0°G %0°G %8'€E %G'9¢C %E'C % uoninglisia
payiq Abiaua

G6G'700'8L  061'087'LL  8GO'LL6'9L  GGL'9L%7'9L  00G'966'GL  198'06E7L  LEE'GES YL G97'EL8'L 018'9LE9 £9.'8€7'9 71E'€8Y'G G71'006'% YMIN uoinglisiag
$3550)

771°168 881'G98 686'6€8 £2G6'G18 €GL'16L 896'GYL G¥9'029'L 96.'9€2'C 6YLELL'E 791°140'E 025'€2S'C 0zl'LY9'C UMIN 1B21UY29}-UON
$8550)

%Gy %Gy %Gy %Gy %G %9y %NE6 %l°0¢ %G'8¢ %1'8¢ %YL %G0€ % 1E831UYI93-UON
pawnsuod ABiaua

6EL'G68'8L  BLE'GYE'BL  LYO'LL8LL  8LT'C6T'LL  €GT'88L'9L  6C8'9EL'GL  Z86'GLZ9L  19Z'0S0°0L 665°06%'6 LT6'60G'6 ¥€8'900'8 G9Z'LYS'L UM uonnglisia
S3550] 1B2IUYD3)

€1G'66 9%G'G96 YT LEL 0zL'oLs 765'€88 181'996 LEL'BGT'L GEL'L60'L ogL'gLy’L 720°'LC7'L €T7'96lL 9689711 UM uonnglisig
$3550] 1B21UYD3}

%0°G %0°G %0°G %0°G %0°G %09 %L %86 %0°€L %0°€L %0°€l %0°€L % uonnglisia
woa1sAs

uonnqlisip ay3

2GT'068'6L  %Z6'0LE'6L  0LY'87L'8L  86EC0C'8L  G¥8'LLYLL  OLO'EOL9L  6LLYWLYLL  96LTYL'LL  689'806'0L 0G6'0€60L 8GC'€0Z'6 121'899'8 YMIN Buliajus ABiaug
payiq AbJaua

9€1'90C'y L79'€80'% 989'796'¢ 0lz'6%8'¢ L60'LEL'E 052'879'¢ TL5'7IS'e 29¢€'LLLE 680'609'¢ 0L6'€0S°E €L6'107'e 6L5'LYC'E YMIN uolssiwisued |
$8550] 1B2IUYDIB}

8CL'0YL 14G'8LL 279'L69 2ee'LLY 78G'LS9 97E0LL €06'G54 6G6'7€5 ANEAY) 726'809 9€L'LES 86£'206 YMI uolssiulsued|

1202
s)sesn.o

9102

§10C

sajewysy/sienyoy

110



- - - - - - - - - - sylodw| - 1dAB3

091 - - - G6Z'C 118'0z¢ 8€1'06¢ L6675 LT9'LL 0€9'Z%5 suiodwl - elfg
. svodul

- - - - 0€e ZeT'901L £€8'76 ZLL'881 07€'661 19%'00¢ (V ®PEI9) 110 18n4 - 8YIARIH

£02'8S €02'85 €0¢'85 €02'8S €0¢'85 £02'8S €02'8S €0¢'85 €02'8S GZ7'S9 0JPAH - 01pAy eysipey

98€'67 98€'6¢ 98€'67 98€'6¢ 98€'6 98€'67 98€'6¢ 98€'62 98€'67 VARA %> 0JpAH - paleg

9€2'79 9€C'v9 9€C'v9 9€2'79 9€C'v9 9€2'79 9€2'79 9€2'%9 9€T'79 8%G'CL 0JpAH - Wiyelaq JyeN

G6L'6L G6Z'6L G664 G6Z'6L G6C'6L L0781 L0781 L0781 L0781 796272 0JpAH - 1ueyT

sdd| - bunsix3

- - - - - 068'6€0'L 912'090°L 88G'074'L - - (Buiieolq) 110 12n4 - yair Sdy

- - - - - 8LL'ELL'L 087'181°L 628°175'L £€0'882'¢ €75'7L0'E (Buieold) 110 18n4 - ¥N0Z SdX

uoinjesausab Aiesodwsa] - bunsixgy

9%€%9 97E'79 9v€79 9%7€%9 9%€%9 9%€%9 9%7EY9 9%€%9 97€%9 LE6'0Y seboig - yaweeN

6506 6506 6606 6606 650'6 65606 6606 650'6 65606 €€5°01L 0JPAH - (eABWIYDIY) BJES

- - - - - 78€91L1L L2701 GLT'GLE %60'62¢ 818'05¢ 110 se9 - (4A]) Inos

- - - - - 601901 G8G'76 zoL'zsl LY6'061 80401 110 Se9 - Yeqieeg

- - - - - LLL'LLEC Y29'TLE'T 79€%9L'C 7999L'C LTL'L0T'E 110 se9 - Jewy JiaQ

- - - - - 098'762°¢ GLE'68E'E €L7'60%'E €LY'60%'E 2L6'819'C 110 Seg - luedyez

- - - - €61925 87L'G6S 8CL'G6G 8CL'G6S 87L'G65 €L6'G6Y (g apeJ9) 110 1894 - d1vay yair

- - - - YLL'GLE'L LEL9GT'L LEL'96T'L LEL'96Y'L LEL9GT'L 0ze'see’L (@ @ped9) 110 18n4 - d128y %noz

- - - - - - G8Y'L6Y 6G€'818 0z€'8es8 8LG7LL (v @peJ9) 110 18n4 - yair

- - - - - - 899'66G'L 9G9'90L°L 9G9'904°L €16'810°C (V @pet9)1iQ 19n4 - ¥noz

1a3 - bunsix3z

(UMW) uonedsusb isesaloq  |'|'vy

S1S02 dd| pue 19nj 1seJ’aloq |'vy

15V 45Vd) AlddNS 40 1500 15VI4404 vV

m



01pAH - (40 104 paredap

075yl et 07G'7Y1 inadt 07S'7Y1 07§yl - - 181G ‘yaunowiep ‘edwey) ‘eAeseq) olpAH maN
€9€YLT €9€LC €9€vLT €9€YLT €9€vLC - - - 0JPAH - 0JpAH yauuer
000'9.LS 000'94S 000'94§ - - - - - 1810S - € Ad M3N
000087 000087 000'087 000087 - - - - 1810S - 7 Ad M3N
000'88¢ 000'88¢ 000'88¢ 000'88¢ 000'88¢ 000'88¢ 000'88¢ - JB10S - | Ad MaN
009°L0%'L 009'L0%'L 009°'L0%7°L - - - - - PUIM - Z PUIM MAN
008'004 008004 008'004 - - - - - PUIM - (Z 1BJ) | PUIM MBN
- - - 008'004 008004 008'00% - - PUIM - (| 938d) | PUIM MBN

04H - JUB|d 1eWJay | MaN aydAelH

04H - (3J) ddJJ MaN »noz

04H - (30) ddJJ MaN noz

04H - (32) dd2J MaN yair

04H - (30) ddJJ MaN yalf

04H - (3J) ddJJ | BiEE)3S

04H - (30) ddJJ | e3ee1dS

04H - (32) ddJJ 11 luedyez

04H - (20) dd22 Il luedyez

04H - (3J) Vdd liddva

04H - (20) Vdd llddvd

- - - - - 00C'v6¢€ 00C'v6¢€ - Od4H - auluuer qif ¥oeld] 1se4
- - - - - 876'€6E G90'76€ - Od4H - 118qf julg 1oed] ise4
- - - - - €CLTSL'E 961°€G1L'E - 04H - lueayez xoel] 1seq
- - - - ¥89'%7L9 00%'884 00%'88L - Od4H - Yalf ®oed] ise4
- - - - - - - - 0O4H - %Nn0zZ 4ded] ised
- - - - - 008'L7S'E 008'L75'E - 04H - Jewy Ji13Q 3oed] 1seH

§20¢

%7¢0¢

€20¢

(44114

810¢

uoI}RI3UIL IRl )Seq - MaN

112



916'9€8'7C TTL'ELL'YC 86LOLY'EC 0£6'8ZLTT G2G'990°CC G09'LY7'0CZ €65'2SLLZ 8LS'76E'SL  96L°0EL'SL  €¥8'€70°GL
- - - - - - - 9N - JUB|d 1BWJaY | MaN 8ydAedH

- _ - - - - - 9N - (33) ddJJ MaN ®noz

91206 8Y.'Ge - - - - - - - - 9N - (30) ddJJ M3N %noz

- - - - - - - - - - 9NT - (32) dd3J MaN yair

GZT'€4S L10'9LE - - - - - - - - 9NT - (30) ddJJ MaN yalr
LEE'6LLY LE'EV9'Y 1§06 96078y - - - - - - 9NT-(3J) ddJJ | eieeas
- - - - 9€6'L8G - - - - - 9N - (30) ddJJ | BIER1dS
766'€86'Y GLL'8Y6'Y L0L'G06Y Ly6'720'G - - - - - - 9NT-(23J) ddJ2 II luedyez
- - - - 7GL'G79'1 - - - - - 9NT-(J30) ddJJ Il luedyez
L1Y7'68C'Y 71€'68¢' 712'68¢Y 2GL'68T'Y - - - - - - 9N - (JJ) Vdd llddva
- - - - £99'190C - - - - - 9N - (J0) Vdd liddvd

9N U0 Sddl - M3N

- - - - L9Y7'61E - - - - - ONT - BUIUUE qIf ¥OEJ] JSES

- - - - 806'9¢¢ - - - - - ONT - 118q[ juig 1oed] 1S4

- - 682°10G'L 87G'LL8'L 009'¢gl'e - - - - - ONT - IUBJyEeZ %OEU] JSEY

- - - - - - - 9N - Yair ¥2edL 1sed
- - - - 9N - %noZ yoe4] 1seq

- - 9L5'L LLL'6L  SOL'LOS'E - - - - - ONT - Jewy J1aQ yoeu) Jsed
QN UO UOKBIBUIY YIei] ISe - MBN

- - - - ONT - Y3l SdM

- - - - - - - 9N - %N0Z SdM
9N uo uonesauaq A1esodwa] - bunsix3y

0zl - - - 9G€'C - - - - - 9N - (JAL) Jn0S

69l - - - #G8'C - - - - - 9N - Yeqieeg
61G6'60L°L 9LY'LYS'L 666'6G8 %6958 €00v9L'C - - - - - ONT - Jewy Jisd
€LY7'607'E €L7'60%'¢ €LY7'607'¢ €L7'60Y'E €LY7'607'¢ - - - - - 9N - lUeJyez
8€8'10¢ 180091 889'G 8%9'C¢ - - - - - - 9N - dioay yair
622'6%9 8€C'EYS €06'8L 998'981 - - - - - - 9N - dioay ynoz

uo a3 - bunsixz

0z0¢ 610¢ 810¢

13



- - - - - 0s 0s - - - 0<H - BulUUer qir Yoed] 1se4

- - - - - 0§ 0§ - - - O4H -113qr uig 1oed] ised
- - - - - 00% 00% - - - 04H - luedyeyz yoed] 1se
- - - - 00l 00l 00l - - - 04H - yaIr yoed] i1se4
B B B - - B B - - - O4H - »Nnoz %oed] ise4
- - - - - 067 067 - - - 04H - Jewy Ji1aQ 3oed] 1sed

uoleIauaq yael] )seq - MaN

- - - - - - - - - - syodw| - 1dAB3

051 051 051 051 051 051 051 051 051 051 syiodul - elAg
. Soduw]

G G G G G G Gy Gy G Gy (V ©ped9) 110 18n4 - 8YdAeuH

Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl 0JPAH - 04pAY eysIpey

9 9 9 9 9 9 9 9 9 9 0JPAH - paleg

Ll Ll Ll Ll Ll Ll Ll Ll Ll Ll 0JPAH - Wiyedq| JyeN

0z 0z 0z 0z 0z Ly Ly Ly Ly Ly 0JPAH - 1UBYT

- - - - - a8l g8l g8l g8l a8l (Buneolq) 110 19n4 - yair SdM

- - - - - a8l a8l a8l a8l a8l (Buneold) 110 19n4 - YN0Z SdM

uoljesauab Aiesodwa] - Bunsixz

L L L L L L L L L L sefoig - ysweeN

zl zl zl zl zl zl zl zl zl zl 0.pAH - (eAewiyory) ejes

- - - - - 09 09 09 09 09 110 se9 - (4A]) Inog

- - - - - 09 09 09 09 09 110 se9 - yeqieeg

- - - - - Gey Gey Gey Gey Gey 110 se9 - Jewy JisQ

- - - - - Gey Gey Gey Gey Gey 110 se9 - luedyez

- - - - 8. 8. 8L 8L 8L 8L (9 @ped9) 110 13n4 - di1day yair

- - - - v61 v61 v61 v61 v61 761 (9 aped9) 110 18n4 - d12ay ¥noz

- - - - - - o7l o7l o7l o7l (V @ped9) 110 13n4 - yair

- - - - - - 00¢ 00¢ 00¢ 00¢ (V 8ped9) 110 19n4 - noz

103 - bunsixa

(MIN) Ay1oedED B)gR)IBAR }SBDBU0H  Z'|'WY

~
—
—



9N UO UOIIEI3USL YIR1] }SBH - MAN

- - - - - - - - - - ONT - Y3Ir S

- - - - - - - - - - 9N - %N0Z SdM
9N uo uonesauag Asesodwa] - bunsixy

09 09 09 09 09 - - - - - 9N - (4A1) Jnos
09 09 09 09 09 - - - - - 9N - Meqieeg
Gey Gey Gey Gey Gey - - - - - 9N - Jewy JdisQ
Gey Gey Gey Gey Gey - - - - - 9N - luedyez
8L 8L 8L 8L - - - - - - 9N - d1oay yair
w61 761 761 w61 - - - - - - 9N - d128y ynoz
9N uo a3 - bunsix3y

€e €e €€ €€ €€ %3 - - - - 0JPAH - (40 J40J paleJap 1B]g ‘'Yyaunoule, ‘edwey) ‘eAedeq) 0JpAH maN
e e VAl %4 VAl - - - - - 04pAH - 0JpAH yauuer
09¢€ 09¢€ 09¢ - - - - - - - JB)0S - € Ad MaN
00€ 00€ 00¢€ (0015 - - - - - - JB10S - Z Ad MaN
08l 08l 08l 08l 08l 08l 08l - - - 1B10S - | Ad MaN
007 00% 00% - - - - - - - PUIM - Z PUIM M3N
00¢ 00¢ 00¢ - - - - - - - PUIM - (Z 81BJ) | PuUIm map
- - - 00¢ 00¢ 00¢ - - - - PUIM - (L 81BJ) | PUIm map|

- - - - - - - - - - 04H - 1UBld |eWlay | MaN aydhelH
- - - - - - - - - - 04H - (32) dd22 MaN ¥noz
- - - - - - - - - - 04H - (30) ddJ2 MaN ¥noz
- - - - - - - - - - 04H - (32) dd22 MaN yair
- - - - - - - - - - 04H - (30) ddJ2 MaN yair
- - - - - - - - - - 04H - (30) dd2J | e31€E18S
- - - - - - - - - - 04H - (30) ddJ | BIERIES
- - - - - - - - - - 04H - (32) dd2J Il luedyez
- - - - - - - - - - 04H - (30) dd9 Il lueayez
- - - - - - - - - - 04H - (39) Vdd liddva
- - - - - - - - - - 04H - (30) Vdd liddva

§¢20¢ 720¢ €20¢ (44114 XA 114 0zo¢ 6102 810¢ L102

115



oLy'9

062°S 0vE'y €6€°E 009‘c 0LET 0LET
- - - . - - - 9N - JUeld |ewlay | maN aydAely

R - - - - - - 9N - (3J) ddJJ M3N *noz

09¢ 09¢ 09¢ - - - - - - - 9N - (30) ddJJ M3N %noz
- - - - - - - - - - 9N - (33) ddJJ MeN yaIr
09¢ 09¢ - - - - - - - - 9N - (30) ddJD M3N yaIr
0L 0L 0L 0L - - - - - - 9NT-(22) ddJJ | eieeleS
- - - - 00§ - - - - - 9N - (20) ddJJ | BIER.ISS
069 069 0G9 0G9 - - - - - - 9N - (32) dd2J 11 luedyez
- - - - o€y - - - - - 9N - (30) dd22 Il luedyez
0S6 06§ 06§ 06§ - - - - - - 9NT - (32) vdd llddvad
- - - - 09¢ - - - - - 9N - (D0) Vdd Ilddvad
9N7 Uo Sddl - maN

- - 0S 0S 0§ - - - - - 9N - SUIUUEB( qIf Yded] }Sed

- - 0§ 0§ 0§ - - - - - 9NT - 113qr 1uig 1oed] iseH

- - 00% 00% 00% - - - - - 9N - IUBJYEZ 2B IS

- - 00l 00l - - - - - - ONT - yalr 1oed] ised

- - - - - - - - - - 9N - N0z ®oed] iseH

- - 0S¥y 0S¥ 0S¥ - - - - - ONT - Jewy J19Q %oed] ised

116



80l 80L €¢0¢ 1920 (4 ®peJ9) 110 18n4 (30) ddJJ MaN %noz
L'L Z'L €20¢ 1930 (g aped9) 110 19n4 (23) dd2J MaN yair
80l 80l €¢0¢ 1920 (g aped9) 110 19N+ (J0) ddJJ MaN ysir
L4 l'L ¢coe 1930 (g 9ped9) 110 19n4 (32) dd2J | BYERI®S
80l 80L ¢coc 1930 (g aped9) 110 19n4 (20) dd2J | eyee)es
L'L 'L 444 19390 (9 ®pe49) 110 18n4 (32) dd23 Il tuedyez
80l 80l ¢coc 1930 (9 ®ped9) 110 19n4 (30) ddJ2 11 tuedyez
L4 'L 2coe 19390 (g 8peJ9) 110 13n4 (33) vdd liddvd
80l 80l ¢eoe 1930 (d @ped9) 110 19n4 (30) Vdd liddva
. cddmN
6'6 €0l ¢coe dioay (g dpeJg)ip18n4  Buluuer gif ¥oed] jse4
66 €0l ¢coc dioay (9 ®peJ9)1i0 19n4 1189 juig »oel] 1sed
'L 9'8 ¢coe dioay (4 @ped9) 110 19n4 luBJyeZ 4oed] iseH
€8 9'8 €c0¢ dioay (d ®peJ9)1i0 19n4 yalr xoed] ised
€8 9'8 ¢coe dioay (4 ®peJd9)1i0 19n4 Jeuwly Jisg #oed] ised
uoljelausq yoel] jsed - MaN
0€0 o€l aulgdnl wesls (V 8peJg)1lo 18n4 aydAesy
sddl - bunsix3
6'8 0¢o 9'8 e/u dioay (Buneoq) 110 19n4 Yalr SdH
68 610 9'8 e/u diday (Buneo1d) 110 18n4 NN0Z Sy
uoinjesausab Aiesodwsa] - bunsixgy
611 8¢°0 Gzl ¢eoe 1920 110 se9 (441) dnos
Ll 9¢°0 9Ll [A414 1920 110 se9 Yeqieeg
V'L 610 v'8 ¢eoe 1932 110 se9 Jewy Jisd
7’9 910 €L ¢eoe 1922 110 se9 lueJyez
8'L 8L'0 '8 €¢0¢ dioay (9 8peJ9) 110 18n4 dioay yair
9L 8L0 8'L €¢0¢ dioay (4 @ped9) 110 19n4 dioay 1noz
€0 0§l aulginl wesis (V 9peI9) 110 19n4 yair
9¢°0 9Ll aulgdny wesis (V 8peJ9) 110 18n4 3noz

1a3 - bunsixz

(UMW/r9) (UMW/uoL J113d ) 19Ny (UMW/r9) 13n4 Jua.Lind
9N Yim Aduaidiyyd 1an4 JU311Nd YyUM Aduai1d143 19n4 Yyum Aduaidyya 1an4 9N 0} Y2}IMS JBI) AB6ojouysa]  adAj jand juasin)

Salousdlyye Jueld €LYV

17



0z 0JpAH (3819 ‘'ysunowe, ‘eduley) ‘eAede() 0dpAH maN

0/ 0JpAH 0JpAH yauuer

0L JBloS € Ad MaN

0L JBloS ¢ Nd MaN

0L JBloS L Ad M3N

96 PUIM ¢ PUlM MaN

96 PUIM (Z ®1.d) | puIm maN

Gol PUIM (1 ®1.J) | puim maN

%0L 616'9G1 1920 (00) ddJJ MaN »noz

%0L 616'9G1 1920 (32) ddJJ MaN yair

%0L 6L6'9G1 1930 (30) dd2J MeN yair

%0L 616'9G1 19220 (30) dd2J | e1ERI3S

%0L 6L6'9G1 1920 (30) dd2J | eree1es

%0L 6L6'9G1 1920 (32) dd22 Il lueayez

%0L 6L6'9G1 1920 (30) dd2J 11 luedyez

%0L 768081 19220 (22) vdd liddvad

%0L 768081 1920 (30) Vdd llddva
. Sdd-MN

%0L ZLy'16e dioay auluuer gif »oeJ] 1se4

%0L ZL7'16e dioay 1194 julg #oed] iseH

%0L %88'92¢ dioay luelyez »oel] 1seH

%0L 966'7CE dioay Yalr »oel] iseH

%0L 966'7C€ dioay %N0Z Mded] ise4

%0L 966'72€ dioay JBWY J19(Q YoeJd] }seH

uoljeIaua HyIeu] }seq - MaN

%G aulgJn| weals aydAelH

9¢ 0dpAH 04pAy eysipey

97 0JpAH paJeg

9¢ 0JpAH wiyelqJyeN

0} 0IpAH 1uey

sddl - bunsix3

Y4 dioay Yalr SdM

6% dioay NN0Z SdX

uonjesauab Aiesodwa] - bunsixg

% Aed 1o aye} ddi (4eak/MIN/$) 9baeyd Aydeded dd| (UMW/$) 9baeys Abaaua dd| A6ojouyas)

sebieydddl ¥lwy



9L ¢SL LY.L 0€L 0¢L 0L 004 169 189 ¢L9 w$ 18301
(%4 0l¢ 0lLe 0Le (%4 0l¢ 0lLe 0l¢ (%4 (U4 w$ sasuadxa 30 UolleIaUSg

255 25 LES 0z5 015 005 06" L8 LLYy 9% W§  S1S0D RO UONEIBUSD-UON

s)s02 bunedado Jayyg €vy

7Ll 50l 96 L8 S4 %9 6% 6€ 9¢ ws 1e10L
7l Gl Gl 91 91 Ll Ll 6l %4 wg uenNgLISIa
00l 06 18 LL 65 Ly ze 0z 4! wsg UOISS|WSUR.|

S1500 BuldueUl YJOMIBN 27 WY

9Ll 9Ll 9Ll L 77l €81 07l 96 Lyl GLL 061 8LL wg 18301
€€ 33 €€ 89 89 89 89 89 89 71l ¢l Ll wg uonnqlaisia
€8 €8 €8 8 98 Gcl (8 8¢ €8 19 g9 L9 wg uolIssiulsued|

xaded YJoMiau Jo Alewuwing AAV

S)s02 buidueul YIoMBN Z'vV

19



710 710 210 GlLo 910 8L0 610 €0 LC0 9€0 UMA/$ 18101

100 100 000 000 000 000 000 000 000 000 UMA/$ 51500 Buloueul iomlaN
700 %00 %00 %700 %00 700 %00 900 .00 0Lo umA/$ 3500 Bunjedado JayiQ
700 %00 600 %700 €00 €00 €00 ¢00 ¢00 600 UmA/$ S1S09 dd|
900 900 900 .00 800 0Lo [ 710 8L0 0¢0 umA/$ S3s02 19n4
sjj1ae) A19A0234-1509 "3°1 (P1231102 YM/$) SIS0 1ej0)

710 710 GlLo 710 G0 L10 8L0 ¢ 9¢0 %Z0 Um/$ 18301
L00 000 000 000 000 000 000 000 000 000 Um/$ 51500 BuloueUl YIoMIaN
€00 €00 %00 700 %700 %00 700 900 L00 L00 UM/ $ 53500 bunedado JayiQ
€00 700 600 ¥0°0 €00 €00 €00 ¢00 ¢00 €00 UM/ $ SIS09 dd|
900 900 900 L00 800 0Lo LL0 €Lo L10 €Lo UM/ $ $3s09 19n4
(Pa119 YMA/$) S3s0d 1ejoL

800°¢ L€6'C 980°¢ 826'C 266'C 60L'€ 1§2°¢ 6187 2097 6EET wg 18301
7ll GOl 96 L8 GL 79 6% 6€ 9€ 0€ we $1502 BuloueUl JOMIBN
9L ¢SL LyL 0€L 0¢L 0LL 004 169 189 ¢L9 wg s3s09 Bunelado Jayio
€9L €9L L00°L 9LL 9€9 GLG 88% LSC 9Le 0ce wg S1S09 dd|
89¢'L LLEL Lyl 7ee'L 096°L 094'L 710'C €eg'l L99'L LLEL wg S3509 19n4

(wg) sisod jejol

Aiddns jo }sodejo] u'yy

120



- - - - €l €L €Ll as Jy11e3 103 pawinsse je Apisqns palinbay

Ok €6'C oLe v6'C L0€ e 8C'¢ 6l .80 190 as P3323]100 SNUBASJ 1B10|
86'C 06'¢C LL'T 29¢ 89'C 08¢ 9L¢ 101 .80 190 as P3123]100 3NUSASJ Jjlie|
€00 €00 €e0 €€0 €e0 €€0 ¢80 610 - - as pa328]103 sJeally
[{OR €6'¢C 60°€ €6'C 66'C LLE Gce [4°x4 09'¢ we¢ q$ Addns 703 Jo 3502 1ej0]

(w$) Apisqns paJinbay
710 710 710 710 710 910 910 600 600 600 umA/$ 4B} 103 pawinssy
%0- %Z %€ %G- %EL- %Z %YL - - - % 3SB3J0Ul JIJe} pawnssy
710 710 710 710 710 910 910 120 L0 9¢€0 Umt/$ (sleaute Builonpap Jaye) Jjlie} 9AI3091484-3S0)

(P19 YM)/$) SH1ie} pawnssy

salpisgns }sedalo{ Gy

121



www.worldbank.org www.esmap.org




	ECA Round 4.pdf
	OLE_LINK1
	_Ref1325619
	_Ref1327970
	_Ref536200376
	_Ref536461001
	_Ref534793300
	_Hlk1035203
	_Hlk3467046
	_Ref535418555
	_Ref531946899
	_Ref531947221
	_Hlk3467078
	_Ref1381099
	_Ref534797580
	_Ref534814047
	_Ref888093
	_Hlk971150
	_Ref535231296
	_Ref536104456
	_Ref536192181
	_Ref536460708
	_Hlk972172
	_Ref532309863
	_Ref532314051
	_Ref536107887
	_Ref532371710
	_Hlk1033018
	_Ref1032931
	_Ref1032916
	_Hlk1033597
	_Ref1399325
	_Ref532380069
	_Ref532899292
	_Ref3387172
	_Ref21353644
	_Ref3374213
	_Ref888319
	_Ref21088478
	_Ref21353645
	_Ref21089257
	_Ref529741226
	_Ref531104079
	_Ref531167843
	_Ref21081443
	_Ref532548121
	_Ref1085930
	_Ref1086077
	_Ref1086232
	_Ref21083888
	_Ref535228369
	_Hlk444409
	_Ref535397361
	_Ref485218591
	_Ref2073053
	_Ref3380112
	_Ref532982890
	_Ref535590662
	_Ref35879938
	_Ref535854349
	_Ref536192623
	_Ref533166748
	_Ref2092485
	_Ref532978156
	_Ref535935889
	_Ref3464435
	_Ref21352584
	_Ref26445654
	_Ref2158034
	_Ref21095883
	_Ref444289
	_Ref536194844
	_Ref984679
	_Ref536112160
	_Ref889683
	_Ref1399350
	_Ref1399372
	_Ref1399435
	_Ref2169959
	_Ref1399459
	_Hlk3465522
	_Hlk1084741
	_Ref531941927
	_Ref531941936
	_Ref531943910
	_Hlk536195324
	_Hlk1315653
	_Ref531958224
	_Ref26451938
	_Hlk534797515
	Abbreviations and acronyms
	Energy units
	Acknowledgements
	Preface
	Executive summary
	Introduction
	The current situation
	Forecast demand and supply
	Forecast revenue requirement / cost of service
	Forecast required subsidy 
	Tariff design recommendations

	1.	Introduction
	1.1	Objective of this study
	1.2	Timing, data sources and key assumptions
	1.3	Structure of this report

	2.	Assessment of the current situation
	2.1	Shortage of generating capacity
	2.2	Reliance on oil-based fuels
	2.3	High network losses
	2.4	Collection issues
	2.5	Significant private generation
	2.6	Reliance on Government subsidies

	3.	Demand and supply of electricity
	3.1	Demand forecast – base case
	3.1.1	Current demand
	3.1.2	Future demand

	3.2	Demand forecast – alternative case
	3.2.1	Current demand
	3.2.2	Future demand

	3.3	Supply forecast – base case
	3.4	Supply forecast – alternative case

	4.	Cost of service / revenue requirement
	4.1	Methodology
	4.1.1	Defining the revenue requirement
	4.1.2	Simulation of future generation

	4.2	Fuel and IPP costs – base case
	4.2.1	Key inputs and assumptions
	4.2.2	Forecast costs

	4.3	Fuel and IPP costs – alternative case
	4.3.1	Key inputs and assumptions
	4.3.2	Forecast costs

	4.4	Other operating costs
	4.4.1	Key inputs and assumptions
	4.4.2	Forecast costs

	4.5	Financing costs
	4.5.1	Key inputs and assumptions
	4.5.2	Forecast costs

	4.6	Cost of network losses – base case 
	4.6.1	Key inputs and assumptions
	4.6.2	Forecast costs

	4.7	Cost of network losses – alternative case 
	4.7.1	Key inputs and assumptions
	4.7.2	Forecast costs

	4.8	Collection improvement
	4.8.1	Key inputs and assumptions
	4.8.2	Forecast costs

	4.9	Total costs / revenue requirement
	4.9.1	Base case
	4.9.2	Alternative case

	4.10	Subsidy impacts
	4.10.1	Base case
	4.10.2	Alternative case


	5.	Tariff design and revision
	5.1	Current tariff structure
	5.2	Approach to revising tariff structures
	5.2.1	Overall approach
	5.2.2	Economically efficient tariff structures

	5.3	Recommendations to improve cost-recovery
	5.3.1	Target high consumption blocks
	5.3.2	Separating out commercial connections would allow better targeting
	5.3.3	Poor households could be targeted directly

	5.4	Marginal cost of supply
	5.4.1	Methodology
	5.4.2	Marginal cost of generation
	5.4.3	Marginal cost of network investments
	5.4.4	Total marginal cost by customer category
	5.4.5	Seasonal and time of day variation

	5.5	Recommendations to improve economic efficiency

	ANNEXES
	A1.	EDL data on supply and demand 
	A1.1	Average demand/supply over year, 2016
	A1.2	Average demand/supply over year, 2017
	A1.3	Estimated average demand by month from EDL data, 2016
	A1.4	Estimated average demand by month from EDL data, 2017
	A1.5	Estimated average demand by day of the week, 2016
	A1.6	Estimated average demand by day of the week, 2017
	A1.7	Estimated average demand by season, 2016
	A1.8	Estimated average demand by season, 2017

	A2.	EDL data on generation
	A2.1	Existing generation
	A2.2	Planned generation (base case)

	A3.	Forecast energy balance (base case)
	A3.1	Forecast demand balance
	A3.2	Forecast supply balance

	A4.	Forecast cost of supply (base case)
	A4.1	Forecast fuel and IPP costs
	A4.1.1	Forecast generation (MWh)
	A4.1.2	Forecast available capacity (MW) 
	A4.1.3	Plant efficiencies
	A4.1.4	IPP charges

	A4.2	Network financing costs
	A4.2.1	Summary of network capex
	A4.2.2	Network financing costs

	A4.3	Other operating costs
	A4.4	Total cost of supply
	A4.5	Forecast subsidies



