= THE GROWING RENEWABLE
@ ENERGY IN LEBANON
& the potential for energy storage

LEBANESE REPUBLIC

By Joseph Al Assad, PhD.

MINISTRY OF EN ERGY Advisor to the Minister of Energy & Water -
: ¢ | S ) :

AND WATER Associate Professor at Ho yofslpégg |iL|in(BZr|§|?)/

& Rani Al Achkar,

A LCEC Director of Engineering & Planning
/’

v LC E C ("ata

insights
LEBANESE CENTER FOR ENERGY CONSERVATION
i_al il b aal oulidll . 4yall ATA INSIGHTS WEBINAR
= May 30, 2019

efficient resources, sustainable achievements




. A decade of Political Commitment!

. The wheels are turning!

. Updating The Conventional Generation Fleet
. The Need For Storage?

. The Potential For Storage?



1. A decade of political commitment!
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2. The wheels are turning!



3 Power Purchase Agreements (PPAS) signed
Installed Capacity 226 MW in Total
Expected Commercial Operation Date (COD): Feb 2021

28 proposals shortlisted & under evaluation, 12 PPAs to
be signhed end of 2019

Installed Capacity 180 MWop in total (10-15 MWp each)
Expected Commercial Operation Date (COD): Q1 2021

Y Vectors from https://www.freepik.com/macrovector



https://www.freepik.com/macrovector

Call for Expressions of Interest (EOIs): 42 EOIls received
Request for Proposals (RFP) is under finalization

4 proposals to be selected

Installed Capacity 200 — 400 MW

Round 2 to be launched end of 2019
24 proposals to be selected
Installed Capacity 360 MWp in total (10-15 MW each)

Vectors from https://www.freepik.com/macrovector



https://www.freepik.com/macrovector

Call for Expressions of Interest (EOIs): 75 EOIls recelved
Request for Proposals (RFP) is under preparation

>
6 proposals to be selected
Total Installed Capacity 300 MWp — 210MW/210MWh .E.

Call for Expressions of Interest (EOIs): 25 EOIls received

, Vectors from https://www.freepik.com/macrovector



https://www.freepik.com/macrovector

3. Updating The Conventional
Generation Fleet
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EFFECTIVE CAPACITY 2018

Internal Combustion
Engines
9%

Power Barges
16%

Hydro

Imports Landfil Gas
3% 0%

Steam Turbines
28%

CCGT
35%

As per Updated Policy Paper for the Electricity Sector — Ministry of
Energy and Water — March 2019



Unit type Effective Capacity 2018 Cost of Production
(MW) (USD/MWh)
440

Steam Turbines $14.75

Steam Turbines 180 $19.39

Internal Combustion Engines 157 $10.83

Internal Combustion Engines 63 $11.19

CCGT 420 $13.62

Deir Ammar CCGT 430 S14.96
Baalbeck OCGT 57 $20.26
OCGT 56 $21.44

Richmaya-Safa Hydro 3 $3.66
Landfil Gas 7 $1.00

Power Barge Zouk Power Barges 195 $13.95
Power Barge Jieh Power Barges 195 $14.03
Litani Hydro 47 $3.97
Hydro 17 $2.65

Bared Hydro 6 $2.65
Hydro 15 $2.65

Hrayche Steam Turbines 46 $20.13
Import from Syria Imports 69 $15.35

Source: Updated Policy Paper for the Electricity Sector — Ministry
of Energy and Water — March 2019



300 MW
Solar PV
+
210 MWh
Storage

Zahrani 2

(550 MW Hrayché
CCGT) (300 MW New Jyeh
(360 MW

Syria Exit
1450 MW Zahrani 2

Thermal
TG (360 MW ) OCGT)

180 MW New Zouk

B e 3 Zouk Exit Selaata 1 Selaata 1 (550 MW
Solar PV 360 MW (360 MW (550 MW
( 607 MW 0CGT) ccaT) New Zouk ceem)

OCGT) (360 MW
OCGT)

Start

Zahrani LNG Deir Ammar 2

2 through (550 MW
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* TG: Temporary Generation
* CCGT: Combined Cycle Gas Turbine
* OCGT: Open Cycle Gas Turbine

Source: Updated Policy Paper for the Electricity Sector — Ministry

"\ of Energy and Water — March 2019



4. The Need For Storage?
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5. The Potential For Storage?
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August 2030
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In Conclusion:

There is a big potential for energy storage in Lebanon:
- For frequency regulation

- For load shifting

- For PP output regulation

It has a very positive impact stabilizing VRE
But also it can help the needed investment for new PP



Stay tuned! |
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