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' " Selecting Svitable
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CSP & PV + BESS

Driss Berraho, Senior Business Development Manager
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acwapower.com | Private & Confidential

@ PROVEN TRACK RECORD

In 10+ years we have become the second largest power & water
developer in the GCC region, and a name to contend with
internationally
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ACWA Power Track Record In Concentrated Solar Power

CSP Projects

Geography

Status

PCOD

(Actual /

ACWA

Power Effective

Contracted
Power

Expected)

Share

(MW)

= Financing ferms.

wv

Bokpoort CSP IPP 9.3h storage South Africa Operational Q12016 40.00% 50
NOORo | CSP IPP 3h storage Morocco Operational Q12016 73.13% 160
NOORo Il CSP IPP 7h storage Morocco Under-construction Q12018 75.00% 200
NOORo Ill CSP tower IPP 8h storage Morocco Under-constfruction Q42018 75.00% 150
Red Stone CSP tower IPP 12h storage South Africa Under Advanced - Q22019 100
Development

Solis | CSP Tower IPP 9h storage South Africa Lowest bidder 150
DEWA IV CSP 15h storage UAE EPC Confract signed 700
ACWA Power is Leading Global CSP 40
Tariff Reduction: 55 2>
= Learning curv.e, 30 80%
= Technology improvement and -

shift ~ to  cenfral  tower =

technology; < 20 20

. a 16.07

= Economies of scale; 315 1333 13.87 13.53

Bokpoort
(RSA)

Projects in
2011

NOORo |

(MOR)

NOORo Il

(MOR)

NOORo Il
(MOR)

Redstone
(RSA)

Solis (RSA) DEWA IV CSP

Tewopowecor
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CSP Technologies — Key Features

+ NOORo | - 160 MW, Parabolic Trough, 3h
storage

+ NOOROo Il - 200 MW, Parabilic Trough, 7h
storage

* NOORo Il - 150 MW, Ceniral Tower, 8h storage

NOOR Quarzazate Solar Complex — Aerial View
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CSP Technologies — Key Features

Ol Circuit

Gemerator

Hea Exchang
Condenser

Solar Trough Field

Parabolic Trough Technology

Cenftral Tower Technology
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Solar Resource Limitations

WHAT IS SOLAR RESOURCE?
Global Horizontal Irradiance (GHI)

Diffuse Horizontal Irradiance (DHI)
+
Direct Normal Irradiance (DNI)

= Diffuse Irradiance is the product of atmospheric
scattering of Direct Irradiance because of
atmosphere thickness (altitude), clouds, aerosols,
humidity

Noor Quarzazate
Solar Complex

Atacama desert
> 3,000 kWh/m?

SOLAR PV > GHI
CONCENTRATED
SOLAR POWER D DNIony
Inner Mongolia

2,554 kWh/m2 - 43

‘Mohammad 'Bing' L

Rashid Solar Parl '-m' £S9
2,020 kWh/mZQ).,%. g
e 0T a0

| ot o

; = Upingfon sl
Northern Cape
> 2,700 kWh/m?2
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CSP + Storage

CSP plant can be configured to match the electricity demand profile, setting parameters such as:

Size of the solar field
Size of the storage
Size of the turbine
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CSP + Storage

CSP plant can be configured to match the electricity demand profile, setting parameters such as:

. Size of the solar field
. Size of the storage
. Size of the turbine

e .
“ E | 1MWt
Hafebast Secdar Trawver Lasge Sterage:
T rshPmtucton

B2 & F A TEY RN ER BN DN

Base load [IEA, C5P Roadmap, 2009}

-

£ W Tk

Sedar Toswer Lame Srmrage

FTTTTTT T oy T TTTT

w8 10 RE Y NS e AT 18V 20 zh 2 21 M

Peaking load (IEA, C5P Roadmap, 2009}

6 7 8 SN NRBUMBIG17I138M0M223)
Hows
\
' 6 7T 8 9 WII1I213 14154617 18152024 22232
Hows

0 ? ——abona! peak load 2012
3 €59 pruehuction
P comsumptlon

17/05/2018



(7¢ ]
(72
LLJ
[aa]
+

>
0.
.

o.
(70 ]
O
L
=
3
-
O
O
(72 ]
Q
Q
O
L
O
e
(o
Q
2
(@]




Battery Storage Status

= Energy storage can allow for efficient infegration of renewables info the grid by addressing each of the mentioned
challenges

= Electric battery storage to become a widespread solution

= No limitation for location — at plant or at grid level

= Electric storage can be integrated with any generation technology (solar PV, wind)

= Size flexibility — modular solution, with building blocks that can be configured to meet specific needs
= Current limitations to electric battery storage include

= Cost, evenif fast declining

= Size — expected to address in the medium term short time storage capabilities (2-3 hours)

= Selecting the storage application vs. type of battery — energy vs capacity (fast and deep discharge)

= QOperational experience over the long ferm — high number of cyclings under normal operation

= Lack of frack record and high concern over long term durability

17/05/2018



CSP & PV + BESS — Complementing Technologies

ltem

Application

CSP with thermal energy storage

Long term energy storage
Load shifting (evening) for over 4 hours
Base load generation

PV with electric battery storage

Short to medium term energy storage
Short term fluctuation management
Load shifting for 2 -4 hours

Cost

Low cost of thermal energy storage

30-50 USD/kWh

Directly competing with conventional gas fired
base load generation

High cost of electric battery storage, but fast
decline curve driven by electric vehicles

Can only be competitive for short term storage,
but cost still high

200-250 USD/kWh

Track record

CSP with thermal energy storage under operation
almost10 years (Andasol, Spain)

Technology based on conventional systems
proven for many years from other industries

Limited large scale battery storage under
operation

Long term
performance

Littfle to no degradation of the system
Usual regular maintenance required

Degradation of the system
Expected replacement of the system over the
lifetime of the plant, but uncertainty

Ancillary services

Frequency/voltage regulation, reactive power
Mechanical based system = conventional plant

Frequency/voltage regulation, reactive power
Power electronics based system

Long term outlook

Higher operating temperatures to decrease
storage media requirements

New storage media for lower cost option
Hybridization with PV for 100% dispatchable solar
Disconnection from CSP for use as electric storage

Fast cost decrease curve, similar to solar PV
Large investment required for scale up
Focus on short term storage only, unfil new
technologies developed




Dispatchable Solar

= Storage, by any means, shall be seen an opportunity to reach the ability to reach the ultimate goal of a 100% renewable mix
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Saudi Arabia

Building 1,
Ground Floor,
Business Gate
Office Complex,
Airport Road
P.O. Box 22616
Riyadh 11416

T: +966 1 2835555
F: +966 1 2835500

China

2101 TowerB,

Ping An International
Financial Center,
No. 1-3,

Xin Yuan Nan Lu,
Chao Yang District,
P.O. Box 10027,
Beijing

T: +86 10 5979 2330

F: +86 10 8438 1078

Morocco

Villa 6-G-7,
Angle Avenue
Mehdi Ben Barka
et Atthuya,

Hay Riad,

Rabat 10100

T. +212537714164
F: +212537714165

Spain

Empresarios
Agrupados

Calle Magallanes 3,
28015

Madrid

Saudi Arabia

King Abdulaziz
Branch Rd,

Ash Shati,

Jeddah,

23613

T: +966 12 618 9000

Egypt

Plot 176,

Second Sector,
City Center Giza
Systems Building,
New Cairo,

Cairo

T: +202 23 225 500

Oman

South Lobby Roof
Top,

Grand Mall,
P.O.Box: 163,

PC: 136,

Al Khwair,
Muscat

Turkey

Barbaros Plaza,
Emirhan Caddessi,
No.113 Kat.19,
Dikilitas,

Besiktas

Istanbul

T: +90 212 259 3396
F: +90 212 259 3397

UAE

The One Tower, 41+
Floor, Barsha Heights,
Sheikh Zayed Road,
P.O. Box 30582
Dubai

T: +971 4 5090555

F: +971 4 3859625

Jordan

Amman-Khelda,

Al Khalideen Suburb,
Al Hokam Bin

Amro Street -

Bldg No. 22

P.O. Box: 2564
Amman 11953

T: +962 (6) 534 0008
F: +962 (6) 5357210

South Africa

7th Floor,

90 Grayston Drive,
Nelglejfeloh
Johanesburg,
2196

T: +27 117224100

Vietham

11th floor,

BIDV Tower 194,
Tran Quang Khai St.,
Hoan Kiem District,
Hanoi

T: +84 43 935 2966

F: +84 43 935 2969




