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Introduction
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« Launched in 2017, this 11th edition of APVIA’s quarterly PV market report
focus on the “The Role of PV and Storage across the Middle East Region”

* This report has been prepared with information provided by the PV Market
Alliance, Asia Europe Clean Energy (Solar) Advisory Co. Ltd. (AECEA) and
especially the “Apricum Cleantech Advisory Group”

« All information collected are valid at the time of publication. The data
published do not engage the responsibility of APVIA or AECEA and should
be considered with all due caution and are for informational purposes only
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MENA - Strong Market Growth Anticipated

169
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Global 143
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2018 2019 2020 2021 2022 2023
Drivers of the | » Favorable regulatory framework
MENA PV - Favorable economies for large and small scale PV from high irradiation

market: - Development of a local PV industry




MENA solar PV annual demand [GW]
11.9 13,4

8,6
3.3 4,1

2018 2019 2020 2021 2022

MENA wind annual demand [GW/]

3,3 3,5
2,5

1,2
0,7

2018 2019 2020 2021 2022

Total (2018—
2022):
41.3 GW

Total (2018—
2022):
11.2 GW




MENA - Key markets will make up a share of
>60% in 2023

ASIAN PHOTOVOLTAIC INDUSTRY ASSOCIATION

B saudi Arabia

UAE 13.4 6.3
11.9

Egypt
Others

3.3

~1.3

2018 2019 2020 2021 2022 2023




MENA - Recent tenders have attracted

record-low bids =002 HESESs

Global average in 2018,
USDet/kWh 2 6.1 USDct/kWh
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Further
50 - = tenders to be
Sweihan Py — — awarded in
4,0 - Kom Ombo s Al Maktoum Saudi Arabia,
Sakaka Jordan Il IV Algeria
3,0 - a,
’ Kuwalit,
2.0 - o0 Morocco,
00 MWp 150 . Oman and
MW i
1,0 117 MWp P MWp Tunisia in
MWp 2019
0,0
Mar Oct Aug Sep Nov
20171 2017 20182 20182 2018 2019

Source: |[EA, Apricum analysis; 1) Date of PPA signature shown; 2) Lowest submitted bid price




Saudi Arabia - Vision 2030 sets renewable

APVIA

energy targets o

privatization of government services.

Goal is to develop a more diverse and sustainable economy through improved education and

Meet the growing demand for electricity

Reduce fossil fuel consumption in electricity
generation

Contribute to peak load demand

Reduce air pollution and improve public health

Maximize local content to spur local employment

Fair and transparent bidding process

Attract foreign and local private investment and
participation in Saudi Arabia
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Saudi Arabia - Natl.PV target 40 GW by 2030

S5-year target — 2023 12-year target — 2030
58.7
Bl csP 27
Wind
B Py 16,0

27.3

Initial Revised 2030 Target
Source: REPDO (2019)




Saudi Arabia - Visibility on how to reach these

Tendered by

L]

APVIA

renewable energy targets e

Competitive tender 30%

Development approach Allocated projects | Objectives

» Attract private investments

REPDO * Increasing local content * Promote market innovation
requirements « Enable price discovery

Direct * Negotiate deals with 70%  Fast-track localization

placement by international partner for « Target exports of RE

PIF (Public project development equipment

Investment « Captive offtake from large - Develop Giga-scale projects

Fund) scale manufacturing

Source: REPDO (2019)

Local content at the top of the agenda.




Saudi Arabia - Vision 2030 features

27.3 GW by 2023
renewable energy
target

Fuel market
liberalization and
subsidy removal

Localized
manufacturing
and job creation

renewable energy

Large PV market
envisioned
(>1 GW p.a.)

Increasing cost
competitiveness
of PV locally

Local content
regulation
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Saudi Arabia - Local Content Policy

e TN T
L In addition, KSA set 30% localization requirement in =

2017, aimed to increase to over 50% going forward

Localization requirement targets

Continuously increasing
localization requirement

40% to 60% localization

requirement
30% localization
requirement

2017 2018 Future

Source: REPDO, Team analysis m

12 @ SAGIA 2018 | Invest Saudi
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Saudi Arabia - Local Content Policy (2)

AN assessment of renewable energy components identifies 4
wind and 2 solar segments with high localization potential

Tower

High High localization
potential

Nacelle
Assembly —

Inverter
Assembly

- Sub Assembly
Rotor

Medium localization
Blades

otential
Long-term Cost &

Competitiveness

Not to localize il )
Nacelle
Polysilicon Cells

Housing
& . Nacelle
. . Electrical™

Drivetrain .Drivetrain Wafer
Others* Gearbox

Low
S

Low Ease of Localization High

Technology: @ Wind @ Solar GDP Impact: . 50 Mn SAR / GW

Notes: *) Rotor Bearings, Break System. and Main Shaft: **) Power Converter. Transformers. and Fiber-optic Cables




Saudi Arabia - Local REPDQ’s first PV tender has a 30% local o
content requirement, measured by NREP APVIA
Saudization Compliance Metric S

Localized Value

Total project CAPEX

NREP Saudization Compliance Metric (%) g

X 100

Targets and penalties for first tender round (Sakaka project):
+ >30% local CAPEX: No penalty

« 20-30% local CAPEX: Penalty of USD 1M for each percentage point below
30%

+ <20% local CAPEX: REPDO reserves right to exclude bidder

High penalty to deter non-compliance provides a great opportunity for Chinese players to capture the

value in the market.



Saudi Arabia - Local Locally produced modules will
likely be key to realize local content

Systems
- Front cover -
- PV cells -

- Polymer fims -

Components

Glass front
cover
Antireflective
coating

Silicon
Silver
Aluminum

Encapsulant
Backsheet

Systems Components
= Tracker/ - Foundations
mounting - Beams
structure = Clamps
16%
« Inverter & - Power
transformer electronics
- Software
9% .

targets in

Systems
= MV & HV
substations

11%

- Other
hardware

9%

» Frame

» Junction box

» Plant and
corporate
overhead

Systems

- Installation &

logistics

11%

A

Components

= Machinery
= Manpower

Shipping

- On-site

logistics

= Mechanical

installation

- Electrical

installation

- Others = Permits

= Consultancy
+ Financing

- Grid
0,
3% connection

A

~

+ Cables

+ Fences

- Data
acquisition
system

XXX

Easy-to-localize
components

[ I —

o indicative % share of
total project costs’

~30% of local content can be achieved with components such as mounting structures, cables, fences, manpower, etc._, if substations,
inverters and transformers can be procured locally, this share increases to ~50%.

APVIA

ASIAN PHOTOVOLTAKC INDUSTRY ASSOCIATION
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MENA - The Role of Storage

Services in demand Energy storage use case categories / use cases

o Mitigate variability of « Supply shaping: RE firming, RE ramp control,
Demand energy flows RE smoothing
for flexibility/energy « Supply shifting: RE self-consumption
storage optimization, RE time shift
triggered by more
renewable energy

Manage impact of
variable energy flows

« Supply shaping: grid congestion relief

« Anc. services: e.g., frequency/voltage control
» Demand shifting: time-of-use (ToU)

Mitigate mismatch of optimization, demand response
d d
pzvr\:zrsui?;? - Demand shaping: T&D deferral/avoidance,
o demand charge reduction
« Supply shifting: energy arbitrage
Othe_r _d_emand « Capacity reserve
for flexibility/energy "
storage Increase resiliency of

power system « Anc. services: microgrid islanding, black start

» Quality/reliability: backup, UPS?2
. Optimize efficiency of
generation assets « Supply shaping: fossil generation firming
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MENA - The Role of Storage

Supply shaping _ T X

(Grid congestion v 2 Demand shifting (ToU optimi- Supply shifting (RE self-

relief) '.. zation, demand response) consumption optimization)
Demand shaping Demand shaping (demand Supply shaping (fossil
T&D deferraf;’ = charge reduction) generation firming)
( id Quality/reliability (backup, UPS) Ancillary services
ivo'.lla??e) . ! Ancillary services , (frequency/voltage control,
Ancliiary services | (frequency/voltage control) i | black start)
(microgrid |5Iand|ng} Capacity reserve Capacity reserve

?qiub
. Diesel

aenset

Ancillary services
(frequency/
voltage control)

‘&N, Capacity reserve
“\?‘( Fossil

power plant

Renewable energy
(RE) park |
Supply shifting (RE time shift) i
Supply shaping (RE firming/ramp control, !
RE smaoothing, fossil generation firming') : |
Ancillary services (freq./volt. control, black start?) "= APRICUM (industry, commercial,

End customers

Capacity reserve residential, public)

Central (in front of the meter) Distributed (behind the meter)
1) Use cases co-located with fossil generation




MENA - The Role of Storage AP‘!'A

Short-term storage up to Mid-term storage up to Long-term storage up
a few minutes 1—4 hours to 5—6 hours

06:00 10:00 14:00 18:00 06:00 10:00 14:00 18:00 06:00 10:00 14:00 18:00 22:00
* RE ramp control - RE firming * RE time shift
* RE smoothing = Grid congestion relief
* RE self-consumption
* Ancillary services optimization

* ToU optimization
* Demand response
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MENA - The Role of Storage

1 Plus batteries for about 3.7
 Lebanon: 210 MW of storage capacity = MW of grid-connected solar
announced in tender for 3 solar PV 210 MW PV systems
plants in 2019
- Jordan: Two larger storage projects - = Plus an undisclosed
with capacities of 23 MW (operational) 53 MW number of 1 MW

storage pilots

and 30 MW (in tender process) d bv DEWA
announce \%

« UAE: While pumped hydro and CSP
are the dominating energy storage

technologies, a large (108 MW) | —
distributed battery project has been * >50 MW
completed recently .

- Saudi Arabia: No larger-scale @K 700 MW
stationary storage projects yet ~110 MW

Energy storage technologies

i, (I\llg’?ﬁr:lsgldcalydro) &?‘k Thermal (Electro)-chemical




MENA - Jordan - Solar Resource Maps
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SOLAR RESOURCE MAP

DIRECT NORMAL IRRADIATION
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Load center
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MENA - Jordan - The Role of Storage

 Irbid: IRFP for 30 MW/60 MWh
stand-alone battery

« Capacity Lease Agreement for 15 years
(capacity payment + variable payment)

- Ramp rate control, grid congestion relief,
backup power, frequency response and
others

« 23 groups prequalified, 10 bids submitted by
January 20, 2019, e.g.,

743f_caNA POWER "'."K‘? 7' N__E%E N_
=5Lnm o i — L

Source: MEMR




* Also in Irbid: COD for 23 MW/12.3 MWh Li-ion
battery next to 23 MW PV plant in February
2019

« PV manufacturer and EPC Philadelphia Solar
sighed PPA for 20 years with Irbid District
Electricity Company

« RE smoothing, RE firming




MENA - United Arabic Emirates -
The Role of Storage

91 118 121
39 flf! 56 ,fl.rf !!ff I IF.’1" /L

2000 2005 2010 2015 2016 2020 2025 2050

Abu Dhabi

UAE energy mix target for 2050

= e

Fossil
fuels

Renewable
energy




MENA - United Arabic Emirates -

The Role of Storage

 Deployed across 10 locations in Abu
Dhabi, 15 systems in total (“virtual
battery”), CISC' located in Mussafah,

Abu Dhabi operated by TSO

« 108 MW / 648 MWh In total
(12 x 4MW, 3 x 20 MW)

 Sodium sulfur batteries, provided by
NGK Insulators

 Load shifting, frequency response,
thermal generation investment deferral
and others




MENA - Lebanon - Solar Resource Maps
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MENA - Lebanon - The Role of Storage

Key challenges of Lebanese electricity sector: Lebanon power generation &

- Old power plants (majority 25—45 years), demand [GW]

iInadequate fuel and high T&D losses

leading to supply shortage of in total ~1 GW demand 59 30

- Highly subsidized state-owned utility EDL 2.7

supply
Effects on electricity supply:
 High dependency on electricity import

« Substantial share of private generation via
diesel gensets <500 kVA, typically running
~3—6 hr per day

2016 2017 2018




MENA - Lebanon - The Role of Storage

« Overall, Lebanon aims to source 12% of its electricity
and heat from renewables by 2020, and 30% by 2030

* In 2017, decentralized solar PV capacity of 35 MW
installed, target 100 MWp by 2020

» Wind PPAs for 180 MW signed in 2018 (COD 2020)

« Shortlisted bidders for 12 solar farms with a total
capacity of 180 MW announced in March 2019

- Large scale tenders announced: 3 x 100 MW solar
PV, each with at least 70 MWh of storage capacity

» Further potential for energy storage from distributed
fossil generation firming

Highest
wind

Tripoli speeds

Beirut '

Highest PV
power
potential




MENA - Saudi Arabia - The Role of Storage

Nationwide deployment program
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Other potent|al sources

Source REPDO program SoftBank/PIF plan NEOM City

NEOM 001

apgauigsan
\( nadec Soudi Aramco

other corporates

Descrip- Tendering of RE

tion projects under |IPP
framework to realize
9.5 GW Vision 2030
deployment target

Tendering of EPC
contracts for solar
energy projects
developed by
PIF/SoftBank JV

100% local renewable
energy supply, further
details on procurement
program to be published
(see next slides)

Procurement of
renewable energy by
different corporate
entities, e.g., via PPAs
(see next slides)

Apricum Program expected to

assess- proceed as planned,

ment with sizeable future
tenders, though with
some delay to original
timeline

Project realization
expected to occur in
parallel to REPDO
program under aligned,
long-term vision

RE projects with
exclusive focus on
NEOM power supply,
expected to be integra-
ted in RE procurement
by REPDO or PIF

RE procurement by
individual corporations,
independently of formal
RE programs, likely at
small scale given limited
economic viability




-

Solar street lights

|

as=e

Off-grid / On-grid
telco towers

Off-grid
construction sites

Short-term opportunities exist in KSA to test partnerships and build track record in
preparation for expected energy storage boom from large scale renewable energy projects




Energy storage technologies

A 4 \ 4
e oo
Pumped hydro < l l l —  Sensible heat
Pressured air < . —> Latent heat
Supercapac_ltors & Batteries Power-to-X-to-power
superconducting coils )
Flywheel <+ — Thermo-chemical

Mechanical springs <—

! v

I
¥

!

L

Lead-acid (PbA) Lithium-based Sodium-Sulfur Redox-Flow Others’
| i
v v v v v v v
Today’'s Advanced . Zinc- -
Chemistries? Li-based Others Vanadium Bromine All Iron Others
|

v v v

Metal anode Solid state Non-Intercalant

Li-ion batteries batteries cathodes
|
v v v v
Si-metal Li-metal Li-Sulfur Li-air

anode

anode




MENA - Overview Storage Technologies
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=z

PE/PCS* DERMS®
Upstream provider provider Downstrean
High level controls (EMS") provider
Low I I trols (SMS?2 id
ow level controls ( ) provider Sy i
Module/ Storage Integrator/ Devel- opergtorf Mainte- System
e pack mfg. provider: EPC oper service nance owner
components SEL i System provider
BMS? mfg. assembly
Manufacturing Containerized Physically Site studies, off- Technical, Providing equity,
electrodes, solution incl. integrating take, financing, commercial, earning profits of
electrolyte, monitors & hardware and permits, grid sales (auctions, plant
binders. .. controls, thermal software into a connection, ... trading)

management, fire
suppression

working system
and installing it
locally




MENA - Morocco - Solar Resource Maps
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MENA - Morocco - Solar Resource Maps
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MENA - Turkey - Solar Resource Maps
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MENA - Turkey - Solar Resource Maps
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MENA - Turkey - Solar Resource Maps
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Apricum Cleantech Advisory Group

https://www.apricum-group.com
Contact:info@apricum-group.com

 We are a globally active transaction advisory and strategy consulting firm dedicated to the cleantech
industry. Established in 2008, we serve our clients as their independent advisor to help them succeed
in the fields of solar & wind, water, waste, energy storage, green mobility and digital energy. We
offer a wide range of growth-oriented services to investors and companies both public and private,
including mergers and acquisition, fund raising, project finance, strategy development, business
model design and technology roadmaps.

« Our team of more than 40 senior experts combines profound market and technology expertise.

» We’ve completed over 200 cross-border consulting and transaction projects with the highest levels of
client satisfaction.

 We are headquartered in Berlin and serve clients around the world. We have representatives in the
UK, Turkey, Saudi Arabia, UAE, India, China, South Korea, Japan, Thailand, the Philippines, Vietnam,
Indonesia and the USA. Through our widespread global presence, we offer valuable local market
insights and access to potential business partners.



https://www.apricum-group.com/
mailto:info@apricum-group.com

Courtesy

« Market data have been collected and analysed by members of the PV
Market Alliance.

 Special thanks to Apricum Cleantech Advisory Group

 More information:
° /]

The PV Market Alliance
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