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What is MESIA?

The Middle East Solar Industry Association is the only non for profit, solar
association covering and bringing together the whole of the solar sector across
the entire Middle East and North Africa (MENA) region. Our aim is to:

1. Create business opportunities for our members
2.0rganize educational webinars, events, and networking opportunities for solar
professionals
3.Produce reports on market trends, latest technologies, standards, and best
practices
4. Assist in the development of policies intended to strengthen the local solar
Industry
S5.Support our members and partners through various physical and digital
activities
The Middle East Solar Industry Association has over 80 local, regional and
international company members from the entire solar value chain: EPCs,
integrators, subcontractors, technical advisors, law firms, components

manufacturers, Investors/lenders/funds, components suppliers/components
agents, or distributors.

Any company involved in the MENA solar and broader renewable energy industry is
welcome to join MESIA.
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2022 ended at last. Following a challenging couple of years, one might
have presumed, we would collectively finally catch our breath and see
world returning back to a semi-normalcy. Yet, Europe'’s political challenges
and subseguent energy crisis have taken a front seat in the third quarter of
the year. As mentioned by S&P Global Commodity Insights, restrictions of
"gas supplies to Europe have triggered a 565% increase in prices year-on
vear” with both US and Europe applying sanctions to the biggest producer
of oil and gc::ls m‘the w‘orld. Comp'ored to prewou's years, the M|dd|§ East- has Denisa Fainis
reported little disruptions targeting the energy infrastructure, which shifted

the spotlight on Saudi Arabia and the UAE alone, to play a critical role as a Secretory General
supplying region to the rest of the world. MESIA

As first-time host of the Conference of the Parties (COP27), Egypt gathered heads of states and delegates from over 192
countries that reached a 'breakthrough agreement” on a New “Loss and Damage” fund for Vulnerable Countries, as
described by the United Nations Climate Change Conference. The package of decisions urges countries to “boost the
support of finance, technology and capacity building needed by developing countries” in matters related to climate
change. There is room for improvement, however. we can only be hopeful that this year's UAE based COP28 will
elaborate on a more focused approach and implementation plan on cutting underlying greenhouse gas emissions.

Which brings us to one the first few topics of this year's report, where we will be elaborating on the topic of carbon
credits and the COP proceedings. Although the Middle East does not particularly have the infrastructure to capture and
monetize carbon credits at a regional level, the expectation remains that COP28 will address the need to incentivize
developers and regulators to create the framework required to monitor environmental attributes, and tackle climate
change at all levels.

Green hydrogen, sustainably sourced through solar energy, is set to turn the MENA region into the second-largest
electrolyser installer by 2040, with green hydrogen producing plants set for Egypt, Morocco, Oman, Saudi Arabia, and
the UAE accounting for close to 20% of the world production. Given its geographical position in relation to both Asia and
Furope, the MENA is set to become an important supply chain hub.

Although the Middle East is gifted with summertime year-round, one of the main energy consumers and contributors to
CO2 emissions is cooling. The demand for cooling is expected to triple by 2050, with cooling technological innovations
being considered one of the main drivers in achieving an efficient cooling scenario. To achieve a competitive tariff, both
solar PV developers and business owners need to evaluate ways in which they can lower their consumption, by
increasing their energy efficiency and implementing Building Management Systems.

While the adoption of Electronic Vehicles in the Middle East is still a challenge in terms of infrastructure and testing in the
hot climate, it is expected that 60% of all vehicles sold globally will be represented by EV's by 2023; A decade long leap
from the 9% global supply recorded in 2021. Ambitions plans from Saudi Arabia based manufacturing companies

estimate a capacity of close to 350,000 EV's, which will ignite the creation of an industry, with a goal of creating jobs
and diversifying the economy. We can only hope for a world where businesses and residences are powered by solar PV
energy, and each carpark is fitted with EV chargers that are solar powered.

The report is also addressing the topics of Asset Management, via Drone Surveying, Robot cleaning, O&M digitalization,
followed by country specific highlights, showcasing many experts’ opinions on both opportunities and challenges for
their countries. Our friends from Solarabic help us take a quick dive into the map of countries with electricity shortages
and showcase figures and pain points that could pose an opportunity for businesses with a high risk appetite.

The MESIA Solar Outlook Report has reached its 10th edition, and our aim remains to consistently provide our members,
global collaborators, solar energy professionals and passionate industry readers, with topics featuring expert
contributors while showcasing region specific technology and solutions.

We would like to extend special thanks to this year's contributors and dedicated individuals that drive the industry
forward and break the mould, and we would like to thank all our supported, members and non-members for supporting
MESIA and being part of a dynamic and interactive platform. We welcome new members for entrusting us on their
growth journey to the Middle East solar industry.
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L EA D I N G T H E I N D U ST RY W IT H We are at the dawn of a new growth phase in solar energy. This exciting new phase is unshackled by the past decade
of vacillation about the viability of solar energy. Equally important is the fact that solar energy is competitive in cost &
THE NEW RECTANGULAR CELLS
unimpeded growth during the sustained low oil & gas prices and recent volatile energy market conditions. Solar energy
N -TYPE I-TOPCON CELL TECH NOLOGY has always been unigue amongst other technologies, being able to be scaled to fit any need, from residential

applications to utility-scale developments. This unigue flexibility has resulted in solar energy being applied to related

electricity price against other energy products and solutions. Which has been the underlying factor for its resilience and

energy requirements such as electrified transportation and green hydrogen production. Electrified transportation and
the growth of battery storage solutions offer unigue symbiotic solutions with solar energy, which, if implemented
correctly, could hasten us towards our destination of a net-zero future.

We see that the collective experience gained in MENA by installing and using solar has led to a drive to achieve greater
energy vields and higher efficiencies in operations. The nascent but important aspect of solar energy production has
brought in new applications of, Robotics, Al, Drones and Imaging Technologies, all aimed at improving the effectiveness
of solar energy. Solar photovoltaic technology continues to find better efficiencies at both the cell and module levels.
New technologies such as Hetero Junction Technologies and Perovskites are yet to become mainstream, but the

| i | | industry watches these developments closely to gauge the future trajectories these potentially higher-efficiency cells
|r ' [ | can create. Further evidence of the industry’'s increasing maturity and viability of solar energy.

The developments in Green Hydrogen, Energy Storage and Electrified Transportation are ancillary to the solar industry.
Green hydrogen, for example, has the potential to change erstwhile energy importing countries to energy exporters by

capitalising on their abundant solar resources to electrolyse hydrogen. Similarly, in underserved regions where the supply
of electricity is intermittent or insufficient, battery storage in tandem with solar can provide a cost effective solution. In

our report, we have drawn attention to these developments and highlighted the relevance of solar growth for the
growth of electrified transportation. The growth of electric vehicles in middle east countries is evident, and the start of

manufacturing of electric vehicles in the region furthers the impact the electric vehicles sector will have in a region

L

famous for its affinity for cars. Carbon offsetting technologies and their relevance to the solar industry is a topic we have
highlighted, particularly methods to achieve carbon neutrality goals, with attention to the cost associated with

RESIDENTIAL c&l UT"_'TY implementing these technologies.
440W +VERTEX S 590W VERTEX N 685W VERTEX N In our report, we have explored the market conditions and ambitions of the nations that comprise the Middle East and
MONOFAC'AL DUAL BIFACIAL DUAL BIFACIAL DUAL North African region. We deemed it important to particularly highlight countries in the MENA neighbourhood that

GLASS GLASS GLASS continue to face shortages in electricity supply. It is clear that each country has ambitious goals and a path to these
goals that are unigue to their prevailing market forces. It is equally clear that most countries have an overwhelming and

as yet unmet demand for solar solutions to solve fundamental energy needs. On the other hand, countries with

abundant oil & gas resources view solar as an important method to diversify their energy generation mix, reduce carbon
emissions and achieve net-zero goals.
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COP 27 & COP 28, IMPACT, EXPECTATIONS AND CLIMATE & ooy nsights

CHANGE MITIGATION

® T[he very well attended COP2/ proved historic in its

ground-breaking language on “loss and damage” -
naving those developed nations responsible for
nistoric - emissions  agree to help compensate
vulnerable nations for their climate-change induced
COsts.

® \Vhile the gap between the status quo and the
needed incremental emissions reductions to achieve
1.5-degree targets remains daunting, COP2/ did not
signal much increased progress. Relatively few
countries communicated Iincreased ampition, and

the language on limiting fossil fuels did not move

peyond what had been announced in Glasgow.

® More meaningful climate actions in 2022 have come
through country policies and smaller scale efforts,
such as those flowing from the G20 meetings.

The world gathered in force at Sharm El Sheikh, with
official figures showing COP2/ was the second largest to
date, second only to Glasgow last year. The energy and
fossil fuels industries also showed a strong showing,
potentially offering a preview of COP28 in Dubai.

COP27 led to a global agreement featuring historic
language on loss and damage. For the first time,
developed nations have agreed to establish a fund for
the costs of climate change for the most vulnerable
emerging and developing economies. To take this
forward, parties decided to set up a committee taskec
with making recommendations regarding institutiona
arrangements, structure, governance, terms anc
sources of funding, which will be presented in Dubai in
2023. Although this is a significant achievement, the
details are still to be decided, and the effectiveness anad
goodwill generated will depend on the generosity of
donors, which has been limited to date.
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Figure 1: Projected Global Emissions and 2050 Generation in Reference (top) and 2 Degree

Parties also acknowledged the lack of progress on the
collective climate finance pledge (made originally at
COP15 in 2009) and urged developed countries to meet
the annual goal of $100 billion. This largely unfulfilled
oromise has raised concerns about the feasibility of
conditional emissions-mitigation targets and the ability
of developed countries to follow through on the new
funding pledges under loss and damage. Nevertheless,

Adaptation Fund recorded $230 million in new pledges
and contributions, with Germany and the United States
eading the way with $60 and $50 million in new pledges,
respectively.

As expected, there was minimal progress at Sharm El
Sheikh on getting the emissions reduction needed to
keep any hope of limiting warming to 15 degrees.
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Despite a call at COP26 for countries to update their
ambitions, only 35 countries have released new or
updated Nationally Determined Contributions (NDCs)
through 2030. These included several G20 countries,
specifically Australia, Brazil, India, Indonesia, South
Korea, Mexico and Turkey, but emissions trajectories
remain far from 1.5 degrees target levels. The current set
of NDCs would only reduce emissions by approximately
2% in 2030 relative to 2019 levels, compared with the 23%
reduction that the Intergovernmental Panel on Climate
Change (IPCC) states is needed to align with a 1.5°C
oathway. Meanwhile, the Global Methane Pledge
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unveiled in Glasgow saw its total membership grow from
100 to more than 150, but still does not include major
emitters China and India.

Given energy supply issues and concerns around
inflation and the global economy this year, some
considered it a success that official language on fossil
fuels did not roll back what had been proclaimed in
Glasgow. However, there was no building upon the
"ohasing down of coal” from last year - no “phase out” of
coal, no statements directly limiting oil or natural gas -
despite efforts by India and others to expand
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the ambition. The inclusion of language of support for
"low-emission energy” might be interpreted as allowing
continued use of natural gas given individual country
clircumstances.

Interestingly, 2022 has seen significant policy progress
on the energy transition but done through national and
regional initiatives outside of COP, such as the Five Year
Plans (China), Fit for 55 policies (EU), and the Inflation
Reduction Act (US). After a year of geopolitical tensions
and a global energy crisis, where energy security
concerns have reemerged to the fore, key energy
transition outcomes in terms of financing and investment
are more likely to be driven through domestic policies,
pilateral agreements, or ties among smaller groups of
stakeholders. It was at the G20, not at COP2/, that the
eaders of the US and China finally met and agreed to
restart bilateral climate talks. It was at the G20 that a
more targeted climate effort like the Indonesia Just
Fnergy Transition Partnership was announced, with readl

5

-

emissions commitments by parties and implications for a
leading global coal producer.

Negotiations at COP and interim UNFCCC sessions are
the key venues for progress regarding Paris Rulebook
efforts, such as Article é global carbon trading. Sharm El
Sheikh provided for those discussions, making progress
on a number of fronts but also dealing with other efforts
that may have added more confusion than clarity, such
as the Energy Transition Accelerator program. As it is,
these discussions to date are focusing more on
approaches around nature-based solutions and
forestry, and less on having these mechanisms drive the
transition of the energy sector.

Ultimately, while COP27 broke new ground in seeking to
address the costs of climate change, it did little in also
addressing the need to dramatically cut underlying
greenhouse gas emissions, which will hopefully return to
the forefront of discussions at COP28 in Dubai.
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FUTURE OF CARBON CREDIT AND

CARBON OFFSETTING IN MENA

Carbon markets could be broadly defined as systems for
carbon trading, making CO2 a commodity that could be
traded on the market. However, as opposed to usual
trade markets, the carbon market trades in allowances
or credits instead of actual goods. In other words, it is
putting a price on carbon emissions. Carbon markets
can be broadly divided into mandatory, also known as
compliance carbon markets, and voluntary carbon
markets. Figure 1 illustrates the different types of carbon

3

RYSTAD ENERGY

emissions costs and how carbon markets fit. The
emissions trading system (ETS), commonly known as
cap-and-trade, is a system that trades carbon
allowances, which means permission to emit for
companies. Carbon tax and cap-and-trade systems
are the mandatory carbon pricing mechanisms for CO2
emissions, which companies that fall under the
jurisdiction are obliged to pay.

(set by regulatory body)

Tradable Carbon

Carbon Tax
Allowances

(governmental body) but traded between companies within the ETS

Source: Rystad Energy research and analysis

Carbon emission costs

Mandatory/Compliance carbon regimes

Carbon Markets:

Carbon Allowances
Compliance Carbon Offset

Voluntary Carbon Offset

*Allowance or permission to emit on ton of CO2 within a regulated/ market like ETS. Allocation and volume of credits set by regulator

**Compliance offset market credits may in some instances be purchased by voluntary, non-regulated entities, but voluntary offset market
credits, unless explicitly accepted into the compliance regime, are not allowed to fulfil compliance market demand.

Voluntary emission offsets

Voluntary direct
offsets
(hon-traded)

Traded offset

Figure 1. Carbon Market and Types of Carbon Emissions Costs

In some of the regulated markets, carbon offsets are
also allowed to be used to offset companies’ emissions
to comply with the regulation in a limited percentage.
The current carbon pricing implemented globally
covered only close to 11.9 gigatonnes (Gt) of CO2e, which
s approximately 23% of the world's greenhouse gas
emissions. Companies that do not fall under the
jurisdiction of carbon pricing can choose to participate
in the Voluntary Carbon Market (VCM). The use of
carbon offset mechanisms is a controversial topic,
orimarily due to the integrity of the issued carbon

credits. However, for some companies, the use of carbon
credits in their decarbonisation strategies is essential to
deal with remaining unabated emissions. As companies
aim to align with country climates targets and the terms
of the Paris Agreement, strategies must be developed
for decarbonisation. Carbon offsetting essentially
ensures that companies' unabated emissions are dealt
with in some manner. One way to offset emissions is by
purchasing carbon credits. Carbon credits can be
ourchased through mandatory or voluntary markets,
where one carbon credit equates to 1tonne of CO2 that
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03. Carbon Credits

the purchasing company will emit. Mandatory markets,
such as the Alberta Emission Offset System, are used by
companies and governments that are legally mandated
to offset part of their emissions, whereas voluntary
markets, such as the Australian Carbon Credit Unit
(ACCU), allow private companies and individuals to
purchase carbon credits on a voluntary basis. The
money accumulated from the buying of carbon credits is
used by the seller to finance the project that is offsetting
carbon emissions either by reduction or direct removal.
Reduction projects are those that reduce the
oroduction of CO2 emissions by displacing a process
that does emit — mainly renewables projects such as
solar and wind. Removal projects are those that directly
remove CO2 that has already been emitted — direct air
capture (DAC), reforestation, and enhanced weathering,
for example.

Although there are many different types of credits for
companies to choose from, some credits are better than
others. This is primarily due to the four pillars -
additionality, tangibility, measurapility, and
permanence; illustrated in Figure 2. Essentially, carbon
credits need to be well-vetted and verified before
companies have the opportunity to purchase them.

_’.-
-
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The first pillar — additionality — refers to whether or not
the project is additional in its removal or reduction of
emissions and Is a defining characteristic of carbon
offset projects. This means that if a removal or reduction
project would have taken place regardless of the
revenue provided by the selling of carbon credits, then
the project cannot generate carbon credits. However, |f
projects are not well-vetted and have other sources of
funding, the clause of additionality may be
compromised. Projects that are not additional do not
actually compensate for the purchaser’'s emissions. Any
project, whether it be DAC, solar, or reforestation, could
be additional or not, making it difficult to determine the
integrity of a credit without some means of vetting and
verification.

The second pillar — tangibility — indicates that the
project providing carbon offsets is an actual project that
does intend to remove or reduce COZ In some manner.
This can be more difficult to verify, as this requires the
selling company to do what they claim to be doing.
Some projects may not be removing/reducing as much
CO2 as they claim, overall reducing the quality and
credibility of the carbon credit they are selling. This can
also fall on the integrity of the purchasing company. The

4 A
Mitigation mechanism (C.:/O?)
L[
N, S
CCUS

Emissions

.
1. Additionality

Not something that reduction/removed
would have naturally are far above levels
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\e.

/ - & ®
2. Tangibility
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Source: Rystad Energy research and analysis

Renewables Nature-based Removal

Projects funded
through carbon credits
are additional, but a lot
of support exist, need
for verification

Reforestation
would happen in
any case, without
human intervention

Renewables does
reduce COZ but not
on avoided
emissions claim

Reforestation directly
removes and captures
atmospheric COZ2

Can be measure by
compared to emissions
from fossil fuel, assuming
energy would come from
fossil fuels if the project
was not there

Difficult to directly
measure the volume
COZ captured

COZ reduced by

renewables is COZ captured is not
permanently dealt permanent, forest fires &
with, in that land-use change would
renewables avoid the reverse capture efforts
production of COZ2

Figure 2: Carbon Offset Mechanisms
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tangibility of a project can also be gquestionable if the
project is not removing/reducing the present emissions
of the buying company — meaning that the project will
avoid future emissions rather than removing/reducing
present-day emissions.

The third pillar — measurability — refers to the accounting
of CO2, both the amount being offset and the amount
the purchaser is emitting. This is to ensure that the
purchaser is, in fact, buying the correct amount of
credits, as well as the seller offsetting the same amount
of CO2. More often than not, this becomes an issue
where the seller is not actually offsetting the amount of
CO2 that the purchaser is paying for.

The fourth pillar — permanence — indicates that the CO2
oeing offset is permanently dealt with. For some credits,
ke reforestation projects, this qualification s
questionable. For instance, consider California’s forest
carbon offset program; although this project does plant
trees as advertised, hundreds of thousands of acres of
trees that were planted and sold as offsets burned in the
California and Oregon 2021 wildfires, completely
negating the CO2 offsets.
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As illustrated, the four pillars provide a baseline to
evaluate credits in varying situations for their credibility,
providing governments with a means of creating policy
frameworks regarding carbon offsets and applicable
uses. As policymakers gain more experience setting rules
and regulations on CO2 emissions, some loopholes in
current carbon offset deals will soon be regulated. With
some companies relying on carbon offset mechanisms
to fully decarbonise, this will become increasingly
important going forward.

Investments in the solar industry have hit an all-time high
in MENA. However, with the record low electricity tariffs
for Solar Power Purchase Agreements, some projects
might not be profitable under the current situation. An
alternative to funding solar projects or attaining revenue
growth for projects could be the sale of carbon offset. A
renewables carbon offset is of relatively high quality
compared to nature-based carbon offsets, as seen in
the previous chart. With more companies seeking or
willing to pay for high-quality offset, the demand is set
to increase exponentially, especially after details on
Article 6 of the Paris Agreement are concluded between
different countries.

RystadEnergy

Rystad Energy is an independent
research and business intelligence
provider, equipping clients with data
and market intelligence that power
pbetter decision making.
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Currently, there is no link between Article 6 and the
various carbon offset markets, including the very
fragmented VCM. Market attention has been put on
Article 6.4 as it will outline how and what needs to be
fulfilled for the current market to be used for emissions
trading. The outcome of the rulebook from COP 26 was
deemed as a major milestone for Article 6, but the rules
agreed upon were ambiguous and risk including

projects that do not contribute to the mitigation of
climate change. While momentum on Article 6 has
slowed down this year, placing a firm 2023 deadline for
discussions in Dubai next year would help kickstart it
again. There is a pressing need to agree on details as
these credits are crucial to helping companies and
countries set more aggressive targets for meeting
climate goals.

HOW MACC CAN REDUCE
CARBON FOOTPRINT TODAY

A lot of companies today are under the spotlight to find
ways to reduce their carbon emissions or even reach
their net-zero targets. According to the Paris
Agreement, the global greenhouse gas (GHG) emissions
must be halved by 2030 and reduced to net-zero by
2050. This is assumed to be the only way to limit the
global rise in temperature to 2.0 degrees Celsius above
preindustrial levels, or idedlly to 1.5 degrees Celsius.

In order to meet those stringent targets, it is important
for companies to understand their environmental

impacts by first measuring their overall carbon footprint.
The management guru Peter Drucker once said, “if you
can't measure it, you can't manage it." Measuring a
company's carbon footprint will help them understana
not only the sources of their emissions, but also how
carbon intensive their operation is. This is crucial to help
them set that measurement as baseline and start
planning how they can reduce those emissions in a way
that is in line with the Paris Agreement targets and the
atest in climate science.
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Figure 1: Example on a Marginal Abatement Cost Curve — Fabien Kesicki
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Marginal Abatement Cost Curve Net-Zero Targets and MACC specific industries or companies will result in immediate assumptions made while preparing it. The reason is that
Setting emission reduction targets through carbon The width of each opportunity (lbox) shows the potentio ii?;ﬁfifj;:;j?nzi?zz;ﬁg ;j:cglf;c;r:ton o :jrk(;?sizrisiiiiTS ihf:tgvz;r: epriiz):tniinihz ntir(r:wirtf:wlg
abatement strategies and roadmaps is the ideal next emission reductions that may possibly be achievec ' MACC was prepared. Therefore, it might be wise to
step to measuring the company’s carbon footprint. One orovided that opportunity is taken compared to the set When it comes to offsets, they are not usually included in consider revisiting the costs stipulated in the MACC to
of the ways that help companies understand not only pbaseline, and the height shows the associated costs or MACCs, but including them can be of great benefit, make sure that the assumptions are still valid or need to
the emission reduction measures they can take, but also savings. The boxes that appear under the curve show especially for companies with net-zero targets. This be revised.

the costs and savings involved is through the that there will be financial savings achieved from taking allows the decision makers to understand what

development of a Marginal Abatement Cost Curve (MACC). those opportunities. percentage of the total emissions the company intends Conclusion

to reduce using offsets. Furthermore, suppose the

A marginal abatement cost curve is defined as a graph Being easy to read and simple in their representation, | | | | Even though MACCs have certain limitations and cannot
that indicates the cost, associated with the last unit (the MACCs are popular with decision makers as they show compcm'y}s?, cgmmﬁte?-q t? follomr‘wg We SC|§-nce—Bosed be solely used as the magic tool that develops a robust
marginal cost) of emission abatement for varying the economics associated with the emission reduction TR Wonome (ISBTl) Y 150 TR Fepaunn strategz. emission reduction strategy, we still recommenao
amounts of emission reduction (in general in thousand and climate mitigation measures proposed, helping " tmt_ case, they're allowed tC_} offset no more than 107% including them in the toolkit of the carbon abatement
tons of CO2)* them prioritise the mitigation options and focus on what ar el O\f{em l CRronn footpn, qnd o-ne Of_he S strategy for medium and large companies. This is mainly

o | B s important for them in the short-term and long-term. Ways t‘?’ visualise how to do that is by including those because of the fact that all the emission reduction
MACCs rank the emission reduction opportunities offsets in MACC:s. measures and opportunities can be represented in the

starting from the cheapest to the most expensive, as . . . o . . - - - -
- 3 Depending on the industry, MACCs can provide valuable It is important, however, to pay attention to the details same format, that is, $/tCO2, which simplifies the

information for investment decisions in terms of the costs while reading a MACC and understand all the complexity of such topics to the decision makers.

and the emission reduction potential perceived from
those measures. The development of such MACCs for

shown in the graph above, and can be used for setting
not only the short-term and long-term emission
reduction targets, but can also help meet the
company's net-zero targets.

1

Fabian Kesicki - Marginal abatement cost curves for policy making — expert-based vs. model-derived curves
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GREEN HYDROGEN: THE NEXT
GREAT OPPORTUNITY IN MENA

With new announcements, this November from the Suez
Canal Economic Zone (SCZone) in Egypt, the Middle East
and North African (MENA) region is set to become the
second-largest green hydrogen electrolyser installer in
2040. The MENA region has ambitions to install over 28
GW by the end of 20350. Capacity is then set to grow at
a compound annual growth rate (CAGR) of 8.9% to reach
68.3 GW by 2040. Based on the currently announced
projects pipeline, installations are lined up in Egypt,
Morocco, Oman, Saudi Arabia, and the UAE (see figure 1).

»-"‘7\)

RYSTAD ENERGY

Close to 155 gigawatts (GW) of electrolyser capacity is
ined up for installation worldwide by this decade’s end
based on announcements as of November 2022, 19% of
which will be in the MENA region. This installed global
capacity is expected to more than double in the
following decade, with nearly 353 GW in 2040, MENA is
still set to account for about 20% of the global
electrolyser capacity at this time, second only to Europe,
which is projected to account for 30% of the global
electrolyser capacityt”.
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Figure 1: a. Global Green Hydrogen Installed Capacity® Outlook
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Figure 1: b. MENA Region Green Hydrogen Electrolyzer Outlook
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Based on rystad energy research and analysis

CWP Global is projected to be the most significant
green hydrogen developer in the MENA region with a 15%
market share by 2040, meaning an estimated
electrolyser capacity of @ GW, followed by Total Eren,
which will account for 10% (see figure 2). Furthermore,
Fortescue Future Industries and OQ will have a«

market share of 9%, each followed by InterContinental
Energy, and Enertech. Other prominent developers in the
region are expected to be ACME (7%), Globeleq (6%), K&K
Group (4%), EDF (4%), Renew power (3%), Hassan Allam
Holding (3%), and Tatweer (2%).

Others
14%

*Based on announcements until Nov-4

Figure 2: lop Green Hydrogen

electrolyzer
capacity

Source: Rystad Energy RenewableCube and Hydrogen Cube

CWP Global

15%

Total Eren

62 GW R

Developers in the MENA Region 2040

Ammonia is a common end-product in most of these
announced projects suggesting that the companies
view ammonia as an export medium @ for
inter-continental trade. Ammonia, primarily because of
its well-established shipping infrastructure compared to
nydrogen, is becoming an effective medium to transport
nydrogen from green and blue hydrogen projects.
Although ammonia is already a globally traded
commodity, there will be a need to increase the
ammonia-oriented infrastructure to support the
increased demand for shipping capacity. Presently, the
MENA region has an ammonia shipping terminadl
capacity of 1.1 million tonnes which is set to increase
further as the pipeline grows and more export
agreements materialise (see figure 4).

ADNOC recently announced its first shipment of
low-carbon ammonia that left from UAE for Hamburg,
Germany. The first of these several cargoes is produced
by Abu Dhabi's Ruwais Industrial Complex and will be
sold to German off-takers. Several bilateral hydrogen
agreements have been signed between countries in the
MENA region and Europe and Japan for the export of
hydrogen and its derivatives (see Figure 3). Saudi Arabia
and Germany have sighed an agreement to cooperate
on the production, processing, and transporting
hydrogen from renewable sources. Similarly, UAE and
Japan signed a bilateral agreement on the cooperation
on technology development, regulatory frameworks,
and standards to create an international hydrogen
supply chain.
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To Germany

To Portugall

To Belgium

To Netherlands

To Japan

Figure 3: Bilaterals Hydrogen Agreements in MENA Region

Among the countries, Egypt is well on its way to being o
hydrogen powerhouse. A swathe of project
announcements has pushed estimated investments in
the North African country’s sector past $100 billion. Some
/0% of these investments are linked to projects unveiled
since May this year. Since then, Egypt has seen nine
oroject announcements with a combined annudl
nydrogen production capacity of 2.1 million tonnes (Mt),
oushing the nation’s total hydrogen production to 3.3 Mt
— third only to Australia with 9.2 Mt and the United States
with 3.8 Mt (see fig. 5). Investments in Egypt's hydrogen
sector have come from far afield, led by players in the
Middle East and Europe, with Indion and Australion
companies also pitching in significantly.

Australia’s Fortescue Future Industries is the latest to
announce an investment in Egypt's hydrogen sector. The
company Iin mid-August signed a memorandum of
understanding (MoU) with Egyptian authorities and
followed this up with talks in October involving President
Abdel Fattah el-Sisi on plans to explore the
development of a green hydrogen production project
with 7.6 gigawatts (GW) of installed renewable capacity.
August also saw seven new announcements from
international players of hydrogen schemes in Egypt, with
ndia-headquartered ACME Group announcing d
oroject capable of producing 390,000 tonnes per
annum (tpa) of green hydrogen from 4GW of

electrolysers and committing $13 billion to the
development. Africa-focused developer Globeleg
signed an MoU for 350,000 tpa of green hydrogen
oroduction from 3.6 GW of electrolysers with an $11 billion
commitment. Other project announcements included
those from UAE-based KK Power (230,000 tpa of green
hydrogen and $10.5 billion of investment), Alfanar
(100,000 tpa of green hydrogen and $10.5 billion of
investment), Alcazar Energy (40,000 tpa of green
hydrogen and a $2 billion investment), Actis (36,000 tpa
of green hydrogen and a $10.5 billion investment), and
MEP (20,000 tpa of green hydrogen and a $250 million
investment). India’s ReNew Power announced a project
with annual hydrogen production of 220,000 tpa and
oledged an investment of $8 billion.

Net hydrogen production from the nine project
announcements mentioned above and @ previous
announcements is 3.3 Mtpa using more than 30 GW of
hydrogen electrolysers, with total estimated pledged
investments pegged at around $100 billion. The current
pipeline capacity of MENA stands at around 70 GW by
2040, making up 20% of the world capacity. We expect
the region to be a major powerhouse in hydrogen
production space with more projects addition in the
future as it utilize the enormous solar and wind potential
available.

Tunisia

A
Libya

*Based on announcements until Aug-22
Source: Rystad Energy HydrogenCub

Present Capacity Total pipeline

Electrolyzers plant size (GW) | &elaiiaY (tonnes) (Million tonnes)

@ O.Tandless Morocco 230,000
Algeria 135,000

Tunisia 55,000

Libiya 40,000

Egypt 115,000

Kuwait 46,000

UAE 40,000

. More than 2 Qatar 165,000
Saudi Arabia 100,000

@ Blue hydrogen project Oman 60,000
A Ammonia shipping T 120,000

terminal

Turkey 164,000

Figure 4: Announced Hydrogen Projects in MENA Region and Ammonia Terminals

In conclusion, Egypt is clearly establishing a lead in the

production of green hydrogen; the Suez Canal offers

Egypt a clear logistical advantage to supply European &
American markets as well as Asian & African markets.
However, given the preferences for Ammonia as d
medium of transport, the GCC nations, with their oil & gas

Courtesy: IOMW TAQA Project - Egypt - SUNGROW

infrastructure, are perhaps better placed to satisfy

market demands. From all points of view, the future is
certain; the production of green hydrogen with
electrolysers and power supplied by solar energy can
extend the energy exporting credentials of MENA for
several more decades.
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Figure 5: Top 10 Countries Based on Green Hydrogen Production Announcements
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In several industries, we have seen that “as a service”
models have changed the market dynamics drastically.
So what if this “as a service” model was rolled out in the
MENA region for one of the main energy consumers and
contributors to CO2 emissions, cooling?

In 2022 the International Energy Agency published a
report that shows a staggering increase in energy
consumption due to space cooling in buildings, see

figure 1(2).
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Figure 1: World Energy Consumption for Space Cooling in Buildings

In the MENA region also, cooling is one of the main
energy consumers and the demand for cooling is
expected to triple by 2050. The increased demand for
cooling will come along with increased CO2 emissions
but also require increased investment in electricity
generation and infrastructure.

When looking at the existing installed cooling systems,
there are significant opportunities to reduce electricity
consumption and CO?2Z emissions.

A study (2) done by the Dubai Regulatory and
Supervisory Bureau shows that district cooling and
central water-cooled plants have the best efficiency in
terms of kW/ton, respectively 0.92 and 0.93. The market
share for district cooling in Dubai is 18% and for central
water-cooled plants 7%, while almost 50% of the cooling
market share In Dubai i1s dominated by Ducted
splits/Package units (30%) and Split units/window AC
(18%). These units have the worse performance, with

respective kW/ton efficiencies of 1.62 and 1.73. The
cooling market share in other MENA regions is generally
dominated by Ducted splits/package units and split
units/window ac. While this study was conducted in
Dubai several years ago, and technology has evolved in
the meantime resulting in significant improvement in the
performance of these units, central water and
air-cooled plants still lead in terms of kW/ton efficiency.

The I[EA calculated an “efficient cooling scenario” where
the astronomical increase in infrastructure investments
and emissions due to an increase in cooling demand
can be significantly curbed. The |[EA estimates that the
efficient cooling scenario can reduce energy needs for
space cooling by 45% compared to the baseline
scenario in 2050 (see Figure 2).

Technological innovations in the cooling industry that
enhance cooling eqguipment performance are
considered one of the main drivers to achieve an
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Figure 2: Contribution to World Energy Savings from Energy-Efficient ACs and Additional Potential

Energy Demand Reductions Beyond the Efficient Cooling Scenario

efficient cooling scenario; however, innovative business
models also play a pivotal role.

Some of the barriers we see in the market to significantly
improve the efficiency of cooling equipment are budget
and split incentives, where the owner of the building would
need to make the investment in energy-efficient equipment
while the operator/tenant will benefit from the energy
savings since they are paying for the utility costs and not
the building owner.

The cooling as a service model can remove the above
barriers and many other constraints to boost energy
efficient cooling systems in the MENA region. In this model|,
the CAPEX requirement is converted into an OPEX model|,
meaning the owner is no longer required to make any
upfront investments. The service provider/ESCO will make
the necessary investments based on a lifecycle analysis of
the cooling system to ensure optimum operating costs,
hence highly efficient performance. In addition, the
operational risk of the cooling plant is transferred from the
owner/tenant to the service provider, who will take full
responsibility for the cooling plant operations and meet
agreed KPIs such as comfort conditions, kW/ton, and
CO2/ton.

Owners associations will also gain significant benefits from
the Cooling as a Service (CaaS) model, which will allow them
to avoid CAPEX requirements to upgrade old and inefficient
cooling systems while enabling charging tenants for cooling
consumption rather than based on a $ value per m2 of
tenanted space. This will also increase conscientious

References:

1. https://rsbdubai.gov.ae/wp-content/uploads,/2020/06/20160210-Webtext-Dubai-Cooling-Study.pdf

usage of cooling. Since the service provider/ESCO takes
full responsibility for the cooling system operations to
meet the agreed KPls, the project cycle can be
shortened because an in-depth technical evaluation by
the decision maker will not be as critical a factor: the
operational risks are transferred to the service

orovider/ESCO.

The CaaS model also adds great value for stakeholders
in greenfield projects. While the owner/investor focuses
on the construction process, the service provider/ESCO
takes ownership of the cooling system’'s design, build,
and operations requirement. In the near future, we might
very well see extended "as a service” models for
greenfield projects where the owner/investor only
invests in the structure of a building while ecosystem
partners invest and operate the entire building
infrastructure (cooling, fire systems and access control)
essentially, utilising the most sustainable infrastructure
on an “as a service" model.

In 2022 the Basel Agency for Sustainable Energy (BASE),
a Swiss not-for-profit foundation, published ¢
fascinating white paper about Cooling as a Service in
collaboration with the Clean Cooling Collaborative (3).
The white paper contains detailed information about
the CaaS model, market barriers, how to get started
with CaaS and much more. In keeping with several MENA
regional governments’ ambitions to achieve net zero
emissions by 2050, a game changer model like Cooling
as a Service will be an essential contributor to
decarbonisation.

2. https.//iea.blob.core.windows.net/assets/0bb45525-277f-4c9c-8d0c-2c0cb5e7d525/The_Future_of Cooling.pdf

3. https://www.caas-initiative.org/wp-content/uploads/2022/05/Cooling-as-a-Service- White-Paper-1.pd
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EDITORIAL OVERVIEW - ELECTRIC VEHICLES

The transportation sector is one of the egregious
emitters of carbon dioxide, amounting to as much as
30% of all carbon dioxide emissions globally. Therefore,
adopting lower emission alternatives is vital to reducing
our carpbon footprint. The MENA region consists of
several countries where the per capita carbon emission
s one of the highest in the world. The abundance of oil &
gas resources has been a contributing factor that has
resulted in a transportation sector based predominantly
around the internal combustion engine. However, there
IS early evidence that this is about to change. There are
2 driving forces in the increased adoption of electric
vehicles, the first, is the removal of subsidies and the
ising costs of fuel, and the second, is electric vehicles
pecoming viable alternatives. Electric vehicles are now
not only more affordable to operate due to their
inherent efficiency and the lower cost of electricity but
also because electric vehicles are currently comparably

priced to the eqguivalent internal combustion alternative.

Every industry or sector has phases of adoption; while
the innovators & early adopters are motivated by their
noble principles or their need to be perceived as thought
eaders in society. The early majority, the first step in
mass adoption, are motivated by pragmatic financial
factors. As electric vehicles enter the early majority
phase, manufacturers and technology providers see
growth and profit opportunities. Thus far, the MENA
region has relied on importing electric vehicles from
foreign manufacturers, which is expected to continue.
However, some businesses and governments sense an
opportunity to address a growing market that they can
address by domestically manufactured electric vehicles.
This is also helped by the fact that all electric vehicle
manufacturing worldwide is nascent. New supply chains
that break away from traditional automobile
manufacturing are being established, and the MENA

region is well positioned to capitalise on this opportunity:.

Countries with established automotive manufacturing
are the first movers in this trend, and naturally, countries

Renault, PSA, Daimler tap N. Africa for Low-Cost Exports - AutoNews

|
2
2 KIZAD to Welcome Abu Dhabi’s First Electric Vehicles Assembly Facility - Media Office Abu Dhabi
4
5

Moroccan Renault Subsidiary Begins Production of the First Electric Car in the Country - Teller Report

such as Morocco' and Egypt? with existing automotive
industries are switching their manufacturing lines to
accommodate electric vehicles. Building on their existing
human capital and experience in the automotive
industry, they are likely to take the lead in growing their
market share.

The UAE|* and Saudi Arabia® are also bringing
manufacturing to their shores and investing heavily in
developing their manufacturing capabilities. These are
still early days, and the lack of a full-fledged automotive
ancillary industry will restrict initial production to
assembling knocked-down  kits before verticdl
integration. Nevertheless, this is a step in the right
direction and portends a vibrant diversification of their
economies.

In addition to manufacturing electric vehicles, the
realignment of the transportation infrastructure towards
electrification is equally essential. There is a need for
more charging infrastructure capable of addressing the
increased demand. Charging equipment for private and
commercial vehicles, along with destination charging
stations, will require reconsidering not just the electric
transmission and distribution network but also the
source of the electricity generation. An increase In
distributed solar power plants and utility-scale solutions
will ensure that these electric vehicles are supplied with
abundant clean energy and have a meaningful impact
on reducing carbon emissions. Solar and electric
vehicles thus form a symbiotic partnership; interestingly,
the adoption of both solar and electric vehicles by
households and businesses is a pragmatic and
financially prudent Iinvestment. Anecdotal evidence
suggests an accelerated adoption rate® of electric
vehicles as more affordable options become available.
This adoption rate Is bound to continue as consumers
realise the benefits of a combined investment in solar
and electric vehicles, ensuring that they will no longer be
subject to the volatility of petrol or electricity prices.

M Glory Holding Group Opens New Electric Vehicle Manufacturing Plant in Dubai Industrial City - The National

Saudi PIF & Foxconn Launch Ceer - Saudi Arabia’s First Electric Vehicle Company - The Electric Cars Report

EV MANUFACTURING IN
SAUDI ARABIA

Global electric car sales more than doubled in 2021
when compared to the previous year, to 6.6 million units.
This represented close to 9% of the global car market.
ne International Energy Agency predicts that by 2030,

EVs could represent more than 60% of vehicles sold
globally.

For all of the growth expected by the EV industry
globally, a number of geographies have yet to adapt to
this industry development. With the possible exception

of the UAE, the Gulf is one region where EVs have yet to
go mainstream. A number of reasons have been cited as
potential barriers to EV adoption. In research published
earlier this year, the University of Nottingham's Saleh
Alotaibi, Siddig Omer and Yuehong Su outlined the ten
most cited barriers to EV adoption from a sample of 698

Saudi nationals. Of the ten reasons, it could be argued
that eight of them are general arguments which could
be made in any country globally (the top three reasons
were a lack of available charging stations, the duration
of charging, and lack of trust in EVs as a new
technology). Only two cited barriers could be truly called
local, namely that the terrain and weather conditions in
Saudi Arabia are not suitable for EVs, and that there is
Nno need to use EVs as Saudi Arabia is one of the biggest
petroleum-producing countries.

The experience of the UAE suggests that, if given a
chance by manufacturers, EV adoption could be just as
fast in the Gulf as in other markets. As of 2021, there were
just under 5,000 registered electric vehicles and just over
8,000 hybrid cars in the Emirate of Dubai, based on
research from a subsidiary of Dubai Electricity and
Water Authority. This was up from approximately 2,300
electric cars and 6,000 hybrid vehicles the year earlier.

In many ways, the UAE's decision to deregulate retail
petrol prices by implementing a new flexible pricing
policy linked to global prices has accelerated EV
adoption. As petrol prices have risen, UAE consumers
have increasingly realised that EVs offer better value for
the money. As reported by The National newspaper in
late 2022, prices for second hand EVs have often
exceeded the recommended retail price for new EVs
due to excess demand for these vehicles.

The example of the UAE shows that there should be a
strong appetite for EVs across the wider Gulf (you can
find EVs being driven in every country in the Gulf, despite
there being few manufacturers selling EVs into our

markets). The introduction of Saudi-based car brands
and local manufacturing will only help to accelerate the
growth of EVs, the accompanying infrastructure and the
wider supply chain.

As of today, the Kingdom has already announced plans
for two manufacturing facilities in the Kingdom. At its
peak, Lucid, which is part owned by the Public
Investment Fund, will assemble up to 150,000 cars at its
facility in King Abdullah Economic City (KAEC). Ceer, the
first Saudi electric vehicle brand, will both fully design
and manufacture approximately 180,000 electric

vehicles in the Kingdom at its own plant in KAEC. When
combined, the manufacturing capacity of both Lucid
and Ceer will help to ignite the creation of a
manufacturing hub that is focused on the creation of @
regional car industry.

Looking at the bigger picture, the goal isn't just to create
jobs and diversify the economy. The vision behind
developing a manufacturing cluster is to create a focus
on EVs that will both meet the needs of the region’'s
consumers and environment, and prompt other brands
to step up their EV aspirations for the Gulf and wider
Middle East. Already, we are seeing the establishment of
a number of companies that are looking to build EV
chargers within Saudi Arabia. The same should be
expected for other components, such as solar panels
and batteries.

The establishment of a Saudi-based automotive
manufacturing industry for the region’'s consumers is
more than just a practical decision; there's a symbolism
to the Gulf producing its own EVs. It signals to the wider

world that the region both wants to be part of the wider
move to sustainable mobility, and also encourages its
populations to make the shift as well. The Gulf has long
been known for its love of large, gas-guzzling vehicles.
With the transformational shift we are seeing today in
the EV sector, the Gulf may soon be known for its love of

greener, more innovative electric vehicles.
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Figure 1. Comparison Data Between n-type Module and p-type PERC Module
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handles mechanical stress at cell interconnections
eliminating the risk of micro-cracks. Meanwhile, the
modules’ standardised size are maintained to ensure
versatility for downstream applications by adjusting the
silicon wafers' size. GF technology is compatible with
current mainstream module encapsulation technology.
The aimis that the module’s efficiency would increase by
about 0.4% and module power would increase by about
10W. Based on the high efficiency cell and high efficient
module encapsulation, the power of this module (78-cell)
can reach 625W, and the efficiency can reach 22.4%.

As the core indicator to measure the power generation
of photovoltaic projects, LCOE is closely related to the
core value focused on by the end customers. Among the
factors directly affecting LCOE, those relaoted to
modules mainly include the power, efficiency, energy
generation capacity and long-term application
reliability of modules. Specifically, high power and high
efficiency can effectively reduce the cost of BOS, and
energy generation capacity and long-term application
reliability are conducive to products’ efficient and stable
oower generation in the full life cycle. In addition, to high
efficiency and power, our module also has excellent
energy generation performance. Field test at the CPVT
National Photovoltaic Experimental Base in Yinchuan,
China, showed that the energy vield of the n-type
module based on Bycium+ cells is 3.9% higher than that
of p-type PERC module (as shown in the figure below).
The n-type module’'s theoretical energy generation is
about 4% higher than the p-type PERC module.

-
-
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This number is consistent with field test data and
oublicly available industry statistics.

Taking a TOOMW p-type module project in Dubai as an
example and considering the cost of rack, foundation,

cable, installation, and land area, these modules can

reduce the BOS cost by 2.1% and LCOE by 4.6%. The
| COE can probably be reduced by about 3.5-5%

depending on regional differences, climatic conditions,
and projects.

In conclusion, efficiency improvement is the core of the
development of PV technology. The mass manufacturing
of PERC cell will peak at 24% cell efficiency. Still, the PERC
cell will likely remmain a mainstream solar cell for the next
2-5 years because of its high cost-effectiveness. With
further cost reduction and efficiency improvement, the
n-type cell technologies (TOPCon, HJT) will gradually
take the market. Among them, the TOPCon cell has been
put Into mass manufacturing, and its capacity can
reach more than 60GW by the end of 2022. Through the
adoption of SE doping, hydrogen passivation
technology, back passivation optimisation, the mass
manufacturing of TOPCon cell can reach 26% efficiency.
For the module encapsulation technology, GFl
technology is a very outstanding solution, both
eficiency improvement and quality assurance have
been fully verified. Looking forward, in about 5 to 10
years, based on the significant progress of both
perovskite and tandem cell, the efficiency of the
perovskite & silicon structure tandem cell is expected to
reach 50%.
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Technology Changes

The size, shape and number of busbars (wires) have also
changed, reducing internal resistance. This has also led
to an increase in the overall size of the PV modules, and
Figure 1 below illustrates this evolution over this period.

In the past S years, PV technology has progressed in
multiple components of the PV module, namely, silicon
technology, busbars, size and arrangement of cells and
backsheets. The objective of all panel manufacturers is

to achieve the highest efficiency and the lowest We observe that 210 mm and 182 mm cell sizes have
degradation. PV module manufacturers have adopted pecome dominant in the past 2 years, and this trend is
VArious permutations  and combinations  of ikely to continue, as shown in Figure 2. PV module
improvements of these individual components in manufacturers use 210 mm manufacturing lines that can
Keeping with their current product and manufacturing also produce 182 mm cells, and most 182 mm
capabilities to achieve the aforementioned goals. We manufacturing lines are “future-proofed” to convert to
shall explore the prevailing progress trends in these 210 mm if needed quickly. PV cell manufacturers
specific components of PV modules and how this affects continue to maintain flexibility in manufacturing both 210
the quality of the manufactured PV module and the LCOE. mm and 182 mm cell sizes.

The predominant cell technology has evolved from Although n-type expansions appear limited, suppliers
oolycrystalline cells to TOPCon cells, with interim can accelerate the pace once the technology and cost
technologies such as monoPERC, p-type and n-type hurdles are surpassed. At this point, the TOPCon
cells being the most used technologies. At the same capacity is especially favoured, as most existing PERC
time, cell sizes increased from 156mm to 166mm, 182mm manufacturing capacity can be upgraded to TOPCON.
and 210mm.
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Figure 1: Module Power and Wafer Size Evolution
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Note:- Data aggregated CEA based on company announcements and disclosures. Data does not
account for utilization, ramp times, or other potential production delays. Timelines are based on supplier
statements or industry best practices if no timeline data was reported.
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