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Summary & Conclusions

Demand for oil set to decline drastically after 2030 — are the Gulf
countries ready?

In China, demand for fossils is expected to peak in 2024; the International Energy Agency
projects global demand to peak in 2025.

For countries that generated income from fossils that means decreasing and eventually
disappearing income. The higher the fossil income proportion, the higher the exposure fo
decline in standard of life. The question is the fiming of “eventually disappearing”, and when
the oil income decline is starfing fo seriously impact government revenues.

The global economy has seen significant dynamics of renewable technology markets, picking
up pace in the replacement of fossils including (but not limited to) the road transport sector.
With renewables becoming even more cheaper, deployment will only intensify. With declining
demand, oil prices and profits decline. And that is before accounting for any potential future
market policies in response to climate change.

¢ In abusiness-as-usual world, oil revenues will start to decline drastically by 2030 at the
latest. More likely after 2027.

¢ Oil revenues and profits will be marginal after 2035 compared to today
e Oil producing countries: how to replace the oil income?

The countries in the gulf country co-operation — Bahrain, Kuwait, Oman, Qatae, Saudi Arabia
and the United Arab Emirates (UAE) - generate between 15-40% of their GDP from the sales of
fossils. Are they prepared to replace the oil income?
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If Gulf countries intend fo maintain
their current high standard of life,
they urgently need to develop
serious alternatives to completely
replace fossil income. The sooner
the beftter for themselves.
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Conclusions

The Oil markets & oil business

e The markets for renewables and electricity-powered consumption have reached
momentum that is now unstoppable. It's simple economics: Renewables are — by a
large margin — more efficient and cheaper.

e Market developments flush more investments in R&D, production and installation -
everything renewable and electric will become even cheaper in the near future. The
outlook suggests half the cost in the next 10 years, redoubling market dynamics.

e Asaconsequence, fossils and fossil-powered consumption are no longer competitive.
Demand for oil will peak between 2025 and 2027, and therefore start to decline, slowly
aft first, and faster over fime. Demand, revenues and profits for and from fossils will
decline in accordance.

e The renewable transition will happen faster than the "mainstream” is currently
expecting.

o Demand for oil will decline after 2030, even assumed a business-as-usual scenario with
no or very limited climate change-forced policies.

e Policies and fargetfs induced by climate change (e.g. incentfives and financing
framework for renewables, and taxing of fossils) are likely further accelerating market
dynamics. It is highly likely that the demand for fossils will be a fraction of foday's, and
might well be close to zero by 2040.

Gulf Corporation Countries Sustainable Competitiveness

e GCC countries currently generate between 15 and 40% of their GDP and close to 100%
of government revenues from fossil exploitation — income that is set to drastically
decline after 2030 (atf the latest), and might well be close to zero by 2040

e Diversification efforts so far have resulted in the development of alternative income
stfreams, (hub functions, service cenfres, tourism, hospitality). The UAE and Qatar are
quite advanced in diversification, with Saudi Arabia and Kuwait having made
somewhat less progress in reducing dependency on fossil income

e The fransition to renewables is set to happen faster than previously anticipated. GCC
countries therefore have to revise their development visions, and investment plans to
accelerate their own fransition.

¢ Thanks to the financial resources (sovereign wealth funds) and past investments in new
business areas, infrastructure, education and health, GCC counfries are in a
reasonable position to successfully manage a fransition to advanced economies
without fossil income.

However, circumstances and the pace of development require acceleration of current
efforts to diversify the GCC economies if decline of living standards are to be avoided.

In collaboration of government agencies, universities and the private sector, Gulf countries
should idenfify priority business and technology areas aligned with the respective country
characteristics. And then allocate resources based on cost-benefit analysis on a range of
proposals and projects and development areas.

Resources and investments need to be allocated wisely in areas that promise the highest
return on investment in terms of sustainable competifiveness.
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Fossil Fuels are no longer competitive.

1 Fossil fuels are no longer competitive

How to replace fossil GDP2

The IEA predicts that global demand for oil will peak between 2025-2027
Electric systems (cars, heating) are more efficient and therefore cheaper to operate
than fossil equivalent — and electric cars will be cheaper than gasolines in 2025 at the

latest

Solar/wind electricity is now the cheapest source of energy — and is expected to

become even cheaper

Fossil fuels are no longer competitive

Petro-states (in the Gulf region and elsewhere) currently generate between 20-30% of

their GDP from fossils

But: revenues and profits from fossils will decline sharply after 2030

The rise of renewables and the decline of fossils

Renewable
Electricity

Electric

¥

7

Lower energy cost

\

Appliances

|

r - - . 1
Higher efficiency,

_[

Fossil fired
appliances

¥

Low efficiency,

\ ) lower cost higher cost
v A\ 4
Higher demand Increasing
=> higher investment q q Declining demand
=> lower cost eman
\ 4 \ 4
-
Electricity ] [ Fossil Energy

.

Energy Demand

oL ABILITY

Replacing The Oil Income

Page 5


https://www.solability.com

Oil demand is set to decline drastically after 2030

Controlling fire is what in the early stages of evolution distinguished human from other species.
It allowed us to survive and thrive in colder climate. Making a fire is age-old technology.

When using fire in technological applications, transforming heat energy to movement, the
efficiency is limited by the laws of thermal physics to roughly 35%. Electricity in contrast, has an
energy-to-wheel efficiency of 100%.

Oil, gas and coal need to be extracted from the ground, and then fransported to where the
energy is needed. Electricity, in confrast, can be generated everywhere, can be frans-
missioned through cables, and stored in batteries and kinetic storage.

Renewable energy is now the cheapest from of energy in human history — at a cost of 40% of
the cheapest form of fossil electricity generation (gas). The efficiency of electric appliances is
between 2-5 fimes greater than fossil counterparts.

Fossil fuels are no longer competitive.

The International Energy Agency (IEA) predicts that global demand for oil will peak between
2027 and 2030 due to cheaper alternatives. When demand starts to decline, prices start to fall.
Over-capacity will lead to price competition, further putting pressure on revenues and profit
margins.

At the same time, the cost of renewable electricity, batteries, and electric tfransport and
heating systems will further decline, if forecast are to be trusted up to 50% by 2035 -
accelerating the decline of fossil demand.

It is highly likely that demand for, and revenues generated from fossils will decline somewhere
between significantly and drastically after 2030.

80% Global oil demand forecast
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Data source: World Bank Data source: IEA, BP, SolAbility
Fossil rent of Gulf area countries as % of GDP Future oil demand estimations

The bad news: Gulf countries currently generate between 15 and 30% of their revenues from
sales of fossil products. Government revenues are almost exclusively funded by fossil income.
While efforts to diversify the income are underway, current plans do not allow to compensate
for the loss of current income.

The good news: Thanks to the oil income, the Gulf countries dispose over significant funds, and
financial resources. Investments in education have been made, and modern infrastructure has
aftracted a highly educated and diverse community. The basis for a successful fransformation
away from fossil to other income sources is therefore given.
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Renewables & electric appliances:

More efficient, less costly
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2 Renewable Energy Technology & Cost

2.1 Electricity generation

With mass production and increasing demand, cost of renewable energy generation has
fallen drastically within the last 15 years. Renewable generated electricity is now significantly

cheaper than fossil generated electricity.

Development of electricity generation cost

Small incentives, mass production,
installation learning curves and market
dynamics have resulted in massive cost
reduction for renewable technologies over
the past decades.

Data source: IRENA, [EA

Renewable vs Fossil Electricity Generation
Cost

Wind and Solar electricity generation are
now the cheapest source of energy. For new
projects, cost of solar and wind electricity is
now only 40% of the cheapest fossil
alfernative  (combined heat-power gas
turbines). Costs forrenewables are expected
to further come down by 50% - putting a
factor of five (5) between renewables and
fossil.

Data source: Lazard, IRENA

Renewable electricity competitiveness
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e Cost for solar PV has decreased by nearly 800% since 2010; wind electricity by 300%
¢ New renewable electricity from wind and solar are now less than half the cost
compared to the cheapest fossil alternative (gas-fired combined heat/electricity

generation)

= Fossil electricity generation is no longer competitive

oL ABILITY
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Why renewable electricity is cheaper than fossil

Every built power plant has 3 major cost sections:

e Capital cost (financing required to build the facility)
e Maintenance cost (conftrol, repair, spare parts)
e Operating cost (day-to-day cost to run the facility)

In terms of capital cost, renewables are now on par (or below) fossil projects, relative to
installed capacity and expected harvest. Maintenance costs differences between fossil and
renewables are insignificant.

Operation cost of fossil electricity is high (the cost of buying fuel), while renewable operating
cost is close to zero - the fuel (the sun, the wind, ocean currents) are free.
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2.2 Electricity storage

With the increasing use of portable electronic devices (lap-tops,
mobile phones) and the electric vehicles, investmentsin development
of battery technology have seen huge budget increases.

The only application currently out of reach remains commercial aviation and seasonal
electricity storage in cold climatic environments.

Battery cost have been reduced 4-fold since Battery cost/kWh
2010, Given the global investment push into 1000
battery technology, costs are expected to 900
decline further  significantly. Making 800
renewable electricity and electric road 200

fransport even more competitive. 400
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A key factor for battery technology is the Battery Density
baftery  density - the amount of 6000

energy/electricity stored per volume/weight
of the battery. While the growth of energy
density has been almost exponential and is
expected to grow steeply in, energy storage
capacity will remain below energy density of
liquid fuels such as kerosene, making electric
commercial aviation unfeasible for the 2000
foreseeable future
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With better technology and increasing production, the cost of batteries has dropped
significantly over the past years, and are expected to keep falling even further. Toyota, for
example, expects fo double density, while halving both weight the cost of batteries before
2027 compared to 2023 levels. By 2030, EVs that are not on the road will be connected to the
grid, solving most electricity storage problems (excepft for seasonal storage).

Electricity storage (compensatfion for solar/wind down-fime) was long considered the
bottleneck of renewable electrification. However, battery development trends and learning
curves suggest that this is no longer the case, putting further pressure on fossils.

@AB.’UW Replacing The Oil Income Page 10
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2.3 Heating systems

Since humanity learnt to control fire, heat has been provided by fire — wood, coal, and in
modern times, oil and gas-powered central heating systems. Heat pumps are comparable
new, powered by electricity. Heat pumps do not generate heat energy — the transport heat
energy using the temperature differences between two mediums. This process allows a heat
pump to generate more energy in the form of heat than the energy input in form of electricity.

The process — transporting heat — can be reversed, meaning a heat pump can also be used
as cooling device., eliminating the need for a separafe heating/cooling system, further

reducing cost.

Heat pumps: efficiency

Oil/gas fuelled heafing devices generate
heat. Heat pumps, in contrast, fransport heat
energy. Heat pumps are therefore not
limited by the energy input. Conventional
fuel-fired heating can reach efficiency
grades of up to 90%, while the output of a
heat pump is up to 4 fimes the energy input
(depending on temperature differences).

Data source: Heat Pump Association, [EA

Heat pumps operating cost:

The operating cost of a heating devices
depends on a set of variables — electricity
generation cost, faxes and/or tax breaks on
fossil energy, and VAT.

In the worst case, heat pump operating costs
are comparable to fossil-fired heating
systems. Under normal circumstances, heat
pump’s operating costs are significantly
lower due to the higher factor between

energy input and energy output.
Data source: Heat Pump Association, [EA

Heating systems efficiency
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e Heat pumps are more efficient than fossil-fired systems,

e Heat pumps have lower operating cost than fossil heating systems

e Heating pumps can serve as heating and cooling devices — eliminating the need and
cost for dual systems (separate heating and air-conditioning devices)

Most new installed heating systems are now heat pumps. In many counfries, installing heat
pumps in new buildings will become mandatory in the near future.

It is not a question if — but only when fossil fired heating system will disappear.

S X
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2.4 Road Transportation

Electric cars sales have picked up speed, and already make up the majority of new car sales
in selected countries. Due to increasing demand and strategic decisions by car makers,
significant vehicle production capacity has shifted towards EV over the last few years.

Purchase cost EV cost vs ICE car

Electric cars don’'t need a central engine, no @

gears and no power frain — EVs are simpler in 50
their design construction. However, until

recently, high battery costs have been the 40
main cost element of electric vehicles. With 30
sinking battery cost and mass production,
electric vehicles have reached market
competitiveness vs. fossil fuelled cars — and
are expected to be cheaper than fossil
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The efficiency of an infernal combustion

engine is limited by the laws of thermo-

physics, and can reach a maximum of 35%, | ¢ cosi/100km _
In ICE cars, between 20-25% of the energy

confained in the gasoline is turned into

moving energy.

Electric motors directly convert energy to
movement, and can reach up to 100% EV cost/100km -
efficiency.

Data source: RMI, Bloomberg

e Purchase price of electricity vehicles will be lower than fossil fuelled cars across the
board by 2025/26

e Operating an ICE needs 3-4 fimes more energy than an electric vehicle.

e Electric cars are significantly cheaper to get from A to B.

e Electric vehicles will make up the vast majority of car sales by 2030

= Fossil-powered internal combustion engine vehicles are the past. The need for fossil
gasoline will decline drastically after 2030

.LAB._"UTY Replacing The Oil Income Page 12
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3 Demand for fossils

Rnewable vs fossil cost

Expectations on forecasts on development of renewable technologies and sales of electric
vehicles in the past have roufinely underestimated growth. The markets always go with the
cheapest alternative - despite slow permits, issues regarding regulatory red tape and the

heavy subsidises for fossils. The cost question is already answered:

~ ™)
The Cost Factors
\, J
Electricity Transport Heating \
Z (-
o e
Renewable Fossil Electric = Gasoline Heat Qil/gas
electricity | electricity car car pump heating
J o250 3)0 2,

New renewable technology — generation, heating, and transport - is now cheaper than fossil
equivalents, by a factor of 2 or more. Investments driven by market dynamics are set to further
improve technology and reduce costs in the near future — by around 50% in the next 5 years
(batteries) to 10 years (renewable generation). The economic argument is set.

oL ABILITY )
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3.1 Where is the money flowing?

It is notoriously difficult to make predictions, especially about the future. However, past
predictions on the developments and deployment of renewables have routinely
underestimated market dynamics. There is substantial amount of misinformation regarding
renewables and electricity-powered systems still circulating on social media, but investors are
hardly influenced by social media. The cost argument is settled. There is a factor of 2 or 3
between renewables and fossil alternatives, and that factor is set to double with still
decreasing renewable costs. The cost developments are reflected in foday’s market
developments:

Electric vehicles market share EV scles (% of total sales)trends
development 100%
90%
EVs have reached almost 20% of newly sold 80%
cars in 2023. EVs are reaching purchase cost 70%
parity with ICEs in 2024/2025. Not many 60%
people will by a gasoline care after that —EVs 50%
are expected to reach near 100% of new o EA
sales in 2030. o
20%
10% /
0% :
Data source: IEA, RMI 2010 2015 2020 2025 2030 2035 2040
Heat pump sales Heat pump sales
10,000,000
Heat pumps are expected to gain near 100% 51500000
of markets share of new installed systems by 000,000
2026/2027. 7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
Data source: Heat Pump Associatfion, IEA 2000000 » I
1,000,000 -
* cormrrronnniiil| "
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3.2 Renewable investments

The changing cost reality is reflected in infernational investments in renewable energy
generation, both wind and solar PV, with a majority of new electricity generation now
covered by renewables. Due to increasing demand for electricity and the lower costs and
construction time, Investments in renewables are set to increase further in the future.

Renewable energy investments
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700,000,000,000
600,000,000,000

500,000,000,000

400,000,000,000

300,000,000,000 e
200,000,000,000 . B S )
100,000,000,000 II | ‘ ‘
il
2014 2019

2004 2009 2024 2029

m Solar = Wind
Data source: IEA, IRENA

Renewable energy investments have tripled since 2010 — and are expected to continue step increase in the
foreseeable future

Renewable energy investments have fripled since 2010 — and are expected to contfinue step
increase in the foreseeable future, both due to market demands for cheap energy and
climate change driven policies.

However, the increasing share of renewables is not yet reflected in global CO2 emissions,
which are expected to rise by 1% in 2023.
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3.3 Future energy mix and climate change policies

Business as usual, conservative:

Under a business-as-usual
scenario, the deployment and
development of renewables and
electricity-powered 200,000
consumption is expected to start
biting noticeably intfo  fossil 150,000
demand by 2028, accelerating
after 2030 due to market
dynamics. 100,000
It should be noted that past
projections tended fo
underestimated the power of
economics at the base of the

50,000

Global primary energy consumption
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B Concentrated Solar

on projections by IEA, IRENA

B Gas
B Geothermal
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If business-as-usual persists, this is the future energy mix, showing step decline of demand for
fossils and availability of renewables after 2030; demand for fossils would be at app. 25 % of
current demand by 2040. This simulation is based on effective current cost and financing,
with conservative estimations of future cost of the new & renewable technologies and
financial flows. Market dynamics are difficult to predict. Most likely, market dynamics are
going fo significantly accelerate the transition away for fossils and combustion tfowards the
less costly renewables and electric-powered consumption as compared to the BaU scenario.

Including climate policies

Future energy mix projection
taking info account pofential
policies combatting climate
change. The proportion of fossil
energy is expected to start
decline  after 2026, with 150,000
accelerating pace of

deployment of renewables after

2028. Depending on the quality 100,000
of climate policies (incentive and
financing frameworks for
renewables, taxing of fossils),
renewables will cover 199% of alll
energy needs between 2032 to

200,000

50,000

0
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Data source: historic data by IEA, BP, m Nuclear B Hydropower
B Wind (offshore)
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on projections by IEA, IRENA m Concentrated Solar

Global primary energy consumption
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This is how the future energy mix looks if humanity were to be serious about its own survival.
Using today’s technology and the application of basic economics on a global scale,
renewables could power the World economy by 2035 - i.e. eliminating demand for fossils by
2035. Global co-ordination to counter global warming seems unlikely at this point but cannot
be excluded. Demand for fossil is therefore expected to decline even faster — asking even

bigger questions off the oil-producing states and companies.

Replacing The Oil Income
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3.4 Declining oil/gas/coal demand

As set out before, renewables are now the cheapest form of energy, and electric systems —
road fransport, heating - the cheapest for everything that requires energy in real life.
Renewable technology is superior both in terms of physical efficiency and financial cost.

On top of the economic deficit of fossils, policies in response to global heating are highly
likely to further impact the energy markets — by removing the fossil subsidies or taxing of fossils,

and market incentives in favour of renewables.

Fossil fuels can no longer compete.

Future investments from main-stream capital resources— both from the markets and fiscal
resources — is therefore going to flow towards new renewables and electricity.

Simulations indicate that — under a very conservative business-as-usual scenario - demand for
fossils will decline by 40% by 2040, even without any climate change-related policies. More
realistic seems a combination of market forces and renewable incentive policies as response

to the accelerating global heating. Government policies — through elimination of fossil
subsidies, policy incentives (tax breaks, infegrated planning, credit guarantees, R&D, fossil
taxes) will massively accelerate private investments. Even moderate climate policies could
eliminate almost the entfire demand for fossils by 2040.

Global oil demand forecast
120%

s )
””""“”““““““HHH\m

80%
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0% L A
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vincluding moderate climate policies Business as usual

Historical data: IEA, BP; future projections by SolAbility

Projections are the sum of a wide range different dynamics and
therefore not exact. Market dynamics are however most likely to
outpace expectations. The cost factor between fossil and
renewable is now simply too big.

Global oil demand decline
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The radius of scenarios is wide. However, market dynamics and
the accelerating speed of global warming suggest the fransition
will happen quicker than expected. Oil producing countries and
the oil industry should calculate with no more than 20% of
today’s market by 2040 when making investments today.

e Assumed an - unlikely - conservative scenario, demand for fossils will decline by 40% by

2040

¢ Factoring in global warming response policies, fossil demand could be almost

completely eliminated by 2040

Regardless of how fast and how big the decline will unfold — the decline of fossil demand is

inevitable.

This, in furn, ask questions of all countries and players that are generating their company and

government revenues from the sale of fossils.
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3.5 Gulf countries oil dependency

The expected decline in demand for oil and the subsequent draining up of fossil revenues,
countries that rely on the sale of fossil products will experience a decline in income. They
therefore need to reconsider their approach to development and particullarely, their
investments. While a number of countries have issued visions, have developped concepts,
and are activly invsting in cenpets beyond the sale of fossils, none of these countries
currrently seem in line to replace the fossil income in the time-frame required to maintain
current GDP levels. More, and faster, is required.

For the purpose of this report, we concenfrate on the gulf region countries (Saudia Arabia,
Kuweit, United Arab Emirates, Qatar, Bahrain) that historically have generated a high
proportion of their revenues and income from petro-products.

The GDP of all the Gulf countries is tighly related to the price of oil on the global markets, and
fluctuations in oil proce can lead fo significant changes in GDP (or oil share of GDP).

Oil rent in as percentage of GDP

Depending on the year (and the global market 70% 120
price of oil), the share of oil income on the GDP

ranges from 15 fo 45% 100

e For the UEA and Bahrain, the fossil share of

GDP has been 15-20% for the last 10 years
e For Saudi Arabia, Qatar and Oman, 20-30%
e For Kuwait, 40%

80

60

These figures are even more extreme if we look

at the share of fossil exports: between 50% (UEA)
and 90% (Kuwait) of exports are generated from
fossils. Making matters more complicated, most

government revenues (the state budgets) are

40

20

almost exclusively financed by fossil revenues. o FAARNUURURURUNRUNNNY RARANRRNRUNNNRNNET |
1985 1990 1995 2000 2005 2010 2015 2020
Data source: IEA, BP, World Bank
Qil price — K uwait e nited Arab Emirates
S audi Arabia Qatar === Bahrain
=Oman

By 2040 at the latest (better 2035), the Gulf countries need to replace between 15 to 40% of
their GDP, between 50 and 90% of their exports, and nearly 100% of government revenues
with different sources of income.

How can that be achieved? Are the Gulf countries ready?

The Gulf countries have managed to reduce their dependency on fossil income somewhat
over the last 30-40 years. The UEA seems to be the most advanced Gulf nation in terms of
successful economic diversification away from fossil income.
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4 Sustainable Competitiveness of The Gulf Countries

Sustainable Competitiveness Score

In the overall sustainable competitiveness rankings of the Global Sustainable Competitiveness
Index, GCC counftries score around, or below global averages:

Sustainable Competitiveness Sustainable Competitv eness
score of the Gulf Countries: €0 ’
O
. . =
The UEA is ranked 84, Saudi 50
Arabia 126, Qatar 129, Oman
118, Kuwait 160, and Bahrain 40 8
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165 E 9 2 § <
0 e < = 5 2
< E g
T :
i)
20 T
Data source: GSCI, SolAbility >
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Emirates

Past & future: trends

However, the picture is different when only looking at the trends over the recent past:

Trends and developments of Sustainable Competitiveness Trends
sustainable competitiveness €0

in the Gulf Countries
50

When only looking at trends,
Qatar ranks globally 4t, the

UEA ranks 5™, Saudi Arabia 34,

Oman 66, Bahrain 73, and
Kuwait 92

Data source: GSCI, SolAbility 0
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The overall picture is therefore mixed: while the Gulf countries are not classified very well, the
GCC region is one of the globally most improved regions within the ranking of the Globall
Sustainable Competitiveness Index.

Given the trends observed and the investments made in potential alternative income
sources, the Sustainable Competitiveness score of the Gulf countries is expected to increase
in the coming years. However, the improving trend is coming from a modest current level -
all Guld countries have significant room to improve upwards, and it cannot be stated that
the improvement curve is sufficient to face the challenges from the declining main income
source — fossil energy.
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4.1 Natural Capital & Resource Intensity

Natural Capital

The Natural Capital is the given natural capital, defined by climatic, biodiversity and
resource indicators, and the level of degradation of the same.

The GCC region is arid, and therefore with
limited biodiversity richness, partly
explaining the regions low score in the
Natfural Capital Dimension. The main
natural capital in the GCC regions are
mineral resources, and the sun. Gulf
countries score particularly low - as
expected in this corner of the World - in
water resources and agricultural
independency. The lack of domestic water

sources, and agricultural ferfility.

Data source: GSCI, SolAbility
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Resource Intensity, Resource Efficiency

The Resource Intensity & Efficiency Index measures all kind of resource consumption, per
capita (intensity) and per value generated (efficiency)

GCC countries have a comparable high
per-capita resource consumption, paired
with limited resource efficiency

GCC countries are amongst the World's
lowest performers in both resource intensity
(per capita consumption of resources) and
resource efficiency (resources used per
GDP generated), also due to the
abundance of cheap local fossil resources.
However, given the climatic conditions,
local energy needs could be covered
equally cheap by renewables, in particular
solar.

Data source: GSCI, SolAbility
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4.2 Social Capital

Social Capital Performance 2023 Social Capital

The UAE is ranked 11th globally in respect to
Social Capital, reflecting the investments —

past and current - in health care, and the 50

integration of gender integration in the work

force. b

Apart from the UAE however, GCC v

countries are ranked around the global 2

average: Bahrain 109, Kuwait 69, Oman 79, .

Qatar 40, and Saudi Arabia 73 - showing

Slgnlflconf room TO Improve On O nUmber Of ° United Arab Saudi Arabia Qatar Oman Kuwait Bahrain Max Average
issues. Fmiares

A key social capital indicator that correlates very strongly with overall sustainable
competitiveness is the integration of the female population in the labour markets. Beyond
gender equity questions, neglecting the female population as national resource is equal to
neglecting the potential of a large proportion of the populations.

Given the historic and cultural context of
the Golf region, female labour participation
was historically below the global average.
However, since 2000, efforts have been
made to increase female integration. In the
UAE, Kuwait and Qatar, female integration

has reached between 50 and 60%, up from
40-50% a decade ago. Efforts have and are
being made also in Saudia Arabia, where
female labour participation has gone form
20% in 2005 to now 30%. 10 I II I I
o 1 NN AN B W B B RNk E

Female labour participation rate
100
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However, all GCC countries are sfill far 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
below the leading nations in Scandinavia, S0 udi Arabia mmm Qatar

where female participation in the labour = Kuwaif mmm United Arab Emirates
market is higher than 90%. = Oman ——Sweden

= Global average
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4.3 Intellectual Capital

The Intellectual Capital is maybe the most important sector defining future development
potential in a global economy driven by innovation and technology.

Intellectual Capital Performance 2023 Intellectual Capital

Saudi Arabia is ranked 49, while the UAE is
ranked 55 globally. Bahrain is 112, Kuwait
99, Oman 91 and Qatar 54.
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Data source: GSCI, SolAbility

Two of the key indicators for measuring intellectual capital performance are state spending
and R&D investments. Both of these two indicators correlate fairly strongly with overall
development and the sustainable competitiveness score.

In terms of education spending, Gulf region
countries are in line with global average or
above. Sudia Arabia even tops Sweden in

9
8
some years, but resource allocation 7
appears fo be somewhat erratic. The other 6
counftries remain one or two percentage 5 I
points above the highest spenders globally 4
3
2
The Gulf countries will need to replace a ;

Education spending as % of GDP

significon‘r share of their income and 2000 2002 2004 2006 2008 2012 2014 2016 2018 2020
revenues currently generated by fossils. m— 50U Arabia — Qatar — Cran
R&D iS a key foc-l-or in defermining fUTUre m Kuwait mmm United Arab Emirates e Sweden

success in high-tech industries and services. T Clobdlaverage
In this area, the Gulf region countries are
currently far below the leading economies
globally. The lack of R&D indicator is also a
sign that there is still comparable little 4
industrial acftivity and future high-tech

industry at home in the gulf area. In order to 3
replace the fossilincome, the gulf countries

area need to invest in attracting or foster 2
home-grown future technologies and

st S | Lik L a1, |] JIJII

R & D spending (% of GDP)

2005 2007 2009 2021
Data source: World Bank, UNESCO m— Scudi Arabia m Qator — UGt
m Oman mmm United Arab Emirates ek oreq, Rep.
s Sveden
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5 The Alternatives
5.1 Current affairs

As laid out in the previous chapters, global demand for fossil energy is expected to decline
significantly in the mid-term fufure, driven by cheaper alternatives (renewable electricity and
electric systems), as well as climate change related policies. Assumed a conservative,
business-as-usual scenario, demand for fossils will decline by 40% by 2040. More realistically is
to include global warming response policies, which could lead to fossii demand almost
completely eliminated by 2040.

The IEA expects global demand for oil fo peak between 2025 and 2027.

e When oil demand peaks, the supply-demand equitation starts to kick in

e Future expectations are often priced into market developments

¢ Commodity tfrading and hedging are most likely affected before peak oil demand is
reached

e Spoft prices for fossil commodities will start to decline at the latest, but highly likely before
global oil demand peak

e Afthe same time, geopolitical volatility and risks are expected to remain high in the
foreseeable future (Israel, Russia; China/Taiwan and South China Sea; Central and
Western Africa; Yemen, Syria/Irag; Iran; Libya), adding a risk premium on the price of
fossil energy

= As of 2023, Gulf countries can expect between 3, and a maximum of 5 more “fat” years

After that, both demand and price of fossil energy products will start fo go downhill. With
demand falling, key company and government revenues in GCC counftries will start to
decline.

=> The Gulf countries need to seriously think about how to replace fossil income streams

In collaboration of government agencies, universities and the private sector, Gulf countries
should identify priority business and fechnology areas aligned with the respective country
characteristics.

In a next step, cost-benefit analysis on a range of potential projects and development areas
identified need to be conducted to facilitate informed resource allocation.

Resources and investments need to be allocated wisely in areas that promise the highest return
on investment in terms of sustainable competitiveness.

The problem is: it needs to happen fast.
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5.2 Challenges & Opportunities

The challenges

e GCC countries need to replace a significant proportion (20-30%) of the national GDP
within the next 5 -15 years

e Asaconsequence, nearly 100% of government revenues must be replaced - either
by taxing people and businesses, or generating income through state-business. Either
way, the coming changes represent a challenging shift, for governments and
population alike

e While future development plans incorporate reducing reliance on fossil income, these
plans remain vague — and are insufficiently fimed in light of the pace of current
developments

e Delaying the details and fine-planning of an alternative vision far beyond plans for 3
or more years most likely will result in significant loss of GDP and government revenues

e National oil/gas companies and their suppliers need to re-define their business model
- or risk becoming marginalised

e GCC countries need a sustainable competitiveness vision & implementation strategy

The opportunities

e Social Capital: GCC countries have invested significantly in Social Capital => a key
element and basis of sustainable & competitive development in an innovation-driven
global economy

e The path so far: the UAE has successfully diversified its economy over the past 30
years, proving that the reliance on fossil income can be overcome. Other countries in
the GCC have also started diversification efforts, but are not yet that far.

e The location, part one: GCC is geographically and through investments a hub
between Asia, Europe and Africa — potential that can further be exploited

e The location, part two: past investments in infrastructure and amenities have made
the GCC a magnet for expats with high educational level. There is large pool of
young & educated expats: infellectual capital and bright minds to facilitate the
necessary fransition — and more can be attracted

e Business opportunities: when tfechnologies become redundant, new technologies
emerge. Every technological fransition (challenge) carries new opportunities in the
new technology fields

e Capitalreserves: GCC countries have accumulated large capital reserves and
national funds. Financing the further sustainable competitiveness fransition
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5.3 Capital Resources

Thanks to continuous demand for oil, Gulf countries have enjoyed a confinuous flow of income
over the last decades, nearly amounting fo what economists call a “free lunch”. Some of that
income has been diverted for future use in sovereign wealth funds. Gulf countries therefore
have considerable financial resource at their disposal to finance the required transition.

The United Arab Emirates (UAE) has Sovereign Wealth Funds
accumulated the highest wealth in a number 180
of state-owned investment corporations, | '¢°
amounting to a total of more than U$ 1'700  ®©
(1.7 ftrillion), followed by Kuwait with more  '%®
than U$ 800 billion, and Saudi Arabia (more 0%

than U$ 600 billion). 8o
600

400

20!

0

Kuwait Saudia Arabia Qatar Oman

o

When evaluating the capital resources per ] _
capita, the picture changes - the UAE, Sovereign Wealth Fund per capifa
Kuwait and Qatar's sovereign savings | °2

amount to more than U$ 175’000 per person | 0175
(residents, including citizens and non- | os
citizens). Saudi Arabia’s per capita sovereign | 0.125
fund value is small by comparison at roughly o
U$ 20'000 per resident- oS
0.05
0.025
0 -

Kuwait Saudia Arabia Qatar Oman

The most important measurement is the value .
of the sovereign wealth fund in relation to Sovereign Wealth Fund(% of GDP)
GDP. This relation best expresses a country’s | ¢©%

financial strength for developing alternatives | ¢,

to fossil income

400%
Kuwait’'s and the UAE's wealth fund exceed
400% of the respective countries annual GDP, | ****
putting these two counftries in a particular | 50

stfrong position to finance a meaningful
fransition. Qatar’s wealth fund is also more
than 200% of its GDP, while Saudi Arabia’s 0%
scvings are OI'OUﬂd 60% Of GDP Kuwait Saudia Arabia Qatar Oman

100%

Based on financial resources, Kuwait, the UAE and Qatar appear to be in the strongest position
to finance effective transition, while Saudi Arabia — the World's largest exporter of fossils, and
the region’s largest country by population and economy — seems in a less advantageous
starting position
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5.4 Hydrogen is NOT the alternative

A word about hydrogen:

Hydrogen is sometimes touted as a replacement for fossils, and therefore as a potential future
business for oil producing countries and/or fossil companies.

It is not. Hydrogen is not competitive.

Hydrogen — as an international business - would require building new, large and complex
transformation, distribution, and re-transforming facilities and systems:

Global Hydrogen Infrastructure

ProdIL-IJQcﬂon Pressurizing & Intermediate
intermediate Transport Distribution End User
(hydrogen Storage
storage
plant)
Water Pressurizing Port loading Port facilities, -
. . . . Specialised H,
Electricity equipment facilities H, storage transport H, storage tank
Electrolysis Special H, Specialised H, facilities, P i Fuel cell
. . I frucks/trains
systems storage tanks cargo ships Loading facilities NEW NEW
NEW NEW NEW NEW

Renewable is much simpler. For heating and road/rail transport, solar/wind is transformed to
electricity locally, maybe temporally stored in a battery, and the reused to power an electric
device. No need for transformation, no need for transportation systems:

Renewable Electricity Infrastructure

Electricity

; Distribution End User
generation
Heat pump
. Electric grid Electric vehicle
Solar/wind - .
Existing Industrial

applications

The renewable electricity infrastructure is much simpler. And: local renewables do not require
the transformation of one energy form (electricity) to another (hydrogen) and then backwards
—itis also much more efficient. Renewable is much cheaper.

There is limited specific use for hydrogen in high-temperature industries (metals, some chemical
processes, cement), but that hydrogen can be produced cheaper and without the need for
a global infrastructure locally.

Since renewables are so much simpler, more efficient and cheaper, hydrogen is not
competitive.

Investments in hydrogen therefore would represent a miss-allocation of capital - capital that
could be used with a higher return on investment for other, simpler and cheaper technologies.
Technologies that are sustainable AND competitive.
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5.5 Haves and Not Haves

The basis to develop alternatives, is a strength-weakness analysis: identifying areas which the
Gulf region countries already have developed sustainable competitiveness, and areas that
are (as of now) less competitive

Gulf countries’ strengths and weaknesses

i A
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Based on the strengths and weaknesses, and the threats (diminishing fossilincome), it is possible
to develop alternatives. But what are the opportunitiese In an ideal case, the current haves

can be used an combined to develop or improve the current not-haves.

Given the current specifics of Gulf countries, the following areas could potentially develop into
key future revenue stfreams:

e Water

e New agriculture technologies
e Greening deserts

e Solar energy, solar fuels, solar plastics

e Tourism
e Culture

e Specific IT areas related to the key areas

e Global service providers
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5.6 Potential future revenue streams

There are two ways to acquire fechnology: buying, or developing. Only buying fechnology
might improve infrastructure and the standard of living. Attracting technology, or developing
technology, also provides jobs and new income streams. For example, gulf countries can
commission desalination plants from somebody else for in-country human, industrial and
agricultural needs. Or they can invest in bringing the technology developers to their countries
— or develop the technology themselves, possibly in collaboration with domestic universities
and private players companies.

Investments should therefore aim at attracting and/or developing specific technologies.
Developing technologies and businesses related to domestic challenges is not only beneficial
to the issue, but can eventually tfransform domestic challenges into new business streams.
Important note: suggesting a complete roadmap would require in-depth analysis, and is
beyond the purpose of this report. This list contains an number of potential income generation
areas, but is not complete.

5.6.1 Water tech

Water scacity is a key issue in the Golf region, and is likely to become a more pressing issue in
many parts of the world. Future technologies related to water include

e Desadlination: Desalination is a key technology in arid regions with limited natural water
resources — with high demand expected globally with increasing pressure on water
resources. GCC will need more desalination plants in any case — so why not making a
business out of that need?

e Smartirrigation: smartirrigation allows for agricultural activities even in comparable arid
regions. Transporting and distributing water in the most efficient form possible is
therefore another significant future business opportunity

¢ Smart distribution: using of advanced technology and data-driven systems to manage,
monitor, and optimize water supply and distribution networks — for domestic use inifially,
and then exporting expertise

e Waterrecycling & efficiency

5.6.2 New agriculture tech

GCC countries rely on imports to cover the needs of their population — arid hot regions are not
particular fertile. In addition, climate change is making traditional agriculture significantly more
volatile

e Vertical indoor agriculture and aquacultures: in-door food production that is resilient fo
climate change, powered by renewable elctricity, and combined with modern
robotics, could offer sucuring domestic food security and export opporfunities.

e Low-tech agriculture: agriculture based on permaculture and similar natur-based
approaches designing agricultural systems that mimic natural ecosystems, aiming fo
create self-sustaining, regenerative, and productive environments. Permaculture has
proven to be able to cultibate organic food in arid areas.

e Cultured meat: Climate change demands that humanity reduces its meat
consumption — or develops alternatives to meat, available in the form of muscle cells
cultivated in bio-reactors. When cost party to “naturally grown” animal meat is
reached, sales of cultivated meat will increase sharply, given the obvious hygenic
advantages and ondependence of location and the availability of meadows.

¢ Synthetic diary product alternatives: strong demand for non-diary diary product
replacements make synthetic diaries a strong growth market.
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5.6.3 Solar energy, fuels & plastic

Global demand for fossils will decline because there are now simpler, more efficient and
cheaper alternatives available. However, for some specific usages and applications, fossils
remain difficult to subsidise — in particular commercial aviation, and in the petro-chemicals,
plastics and fertilizer industries. Non-fossil alternatives are emerging, however. Given the GCC's
expertise with fossils, it seems manifest to capitalise on possible replacements in these areas to
guarantee new income sfreams

o Synthetic solar fuels: due to low energy density and therefore high weight of batteries,
liguid fuels are difficult to subsidise for aviation in the near-term. Solar fuels are made
using solar energy, and carbon sequestered through industrial carbon capture or direct
air sequestration. While this is still an emerging fechnology, it is a business field which
has a large potential in the Gulf countries, thanks to abundance of sun and expertise
in exporting liquid fuels.

¢ Synthetic solar plastics: synthetic plastic is another emerging fechnology based on the
same principles: using the C element in natural available CO2, and then synthetically
produce different forms of polymers (the building blocks of plastics). This type of
technology, if scaled up and proven to be efficient and cost-effective, could
potentially contribute to reducing the carbon footprint of the plastic industry and offer
significant business opporfunities.

e Solar electricity: Gulf countries have sunshine days in abundance, allowing for the
production of cheap solar electricity. However, in order to export electricity,
confinental grids would have to be built. Smart grid technology is also a market with
high growth potential.

5.6.4 R & D investment —fostering new enterprises

Developing a knowledge-based economy through investments in technology, innovation,
and research and development can yield significant returns. Encouraging startups and
fostering an environment conducive to tech innovation could lead to the creation of new
industries and income streams when available resources are aligned. Strong co-operation with
universities and/or financing of labs at universities that allow students to experiment and
research can facilitate the development of new technologies and start-ups. High-quality
universities and research facilities also attract students and seasoned researchers alike.

5.6.5 Global Service Providers

The Gulf countries have invested heavily in modern infrastructure, and are home to some of
the World’s most modern cities. Combined with the geographical location between Europe,
Asia, and Africa should enable GCC's to atftract globally active service providers — e.g. in the
financial, insurance, or IT service development industries, creating jobs and income

5.6.6 Tourism, Hospitality, and Culture

The Gulf region has tfremendous potential for fourism due to its rich culture, investments in the
cultural sector, its historical sites, and beautiful landscapes. By developing this sector further,
Gulf countries could attract more fourists and generate revenue through hospitality,
entertainment, and related services.
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5.7 Country round-up

5.7.1 Saudi Arabia

Saudi Arabia is the most populated country and the largest economy amongst the Gulf
corporation countries. The country has enjoyed what economists would call a “free lunch”
over the past decades thanks to its richness in easily extracted oil and steady growth of global
demand for the same - the country didn't need to think about alternatives for a long time,
and still relies heavily on the export of fossils fo support government revenues and the country’s
GDP. The low diversification is reflected in the comparable low ranking in the Global
Sustainable Competitiveness Index (126), as well as the sub-indexes. Saudia Arabia performs
along the global average in most areas, expect for resource efficiency and economic
sustainability, where the country score significantly below the global average.
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Saudi Arabia is ranked 126 in the GSCI 2023, achieving Saudi Arabia sustainable competitiveness frends

66.8% of the best scoring country

Saudia Arabia has issued the ambitious “Saudi Vision 2030"” in 2016, with the aim of diversifying
its revenues and income. While the Vision ficks most boxes, the individual programs seem
inadequate to achieve the ambitious goals. For example, the Saudi Vision 2030 states the goal
of achieving 50% of exports from non-fossil sales. However, the countries fossil exports remain
hovering around 80% of total exports, 7 years after the presentation of the Saudi Vision. While
Saudi Arabia maintains large wealth and financial power, its sovereign wealth fund that
supports the fransition is comparable small in relation to smaller GCC state wealth funds.

Given that demand for, and cost of, oik is expected fo start declining soon, Saudi Arabia
should redouble its efforts to diversify its income streams.
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5.7.2 The United Arab Emirates (UAE)

The United Arab Emirates has followed a diversification strategy for nearly 30 years. The UEA is
now a major air fransport hub, a fourist destination, and is atffracting highly educated
individuals that form a pool for potential development. This all is reflected in the UEA’s
improved standing in the Global Sustainable Competitiveness Index. While the UAE performs
below global averages in Natural Capital and Resource Intensity, the country is above global

average in Social Capital and Governance.

Sub-Index performance
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The UEA is ranked 84 in the GSCI 2023, achieving 72.5%
of the best scoring country
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UAE sustainable competitiveness trends

The UEA’s sovereign wealth funds (totalling more than 400% of current GDP, or more than U$ 1.7
frillion)) put the country in a god position to being able to finance a swift transition from fossils
to renewables. However, the Countries Vision beyond 2030 is strongly focused on developing
hydrogen as an alternative to fossils, which is an economic non-starter. The UAE needs to
develop a more diversified and detailed Vision and implementation roadmayp to capitalise on
its good current standing — hopefully to be presented at COP28.
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5.7.3 Kuwait

Kuwait, similar to Saudi Arabia, has somehow missed to opportunity to infroduce economic
diversification policies at an early stage, reflected in below average performance in the
Global Sustainable Competitiveness Index. Kuwait is ranked 160, and score below average in
almost all areas, in particular in Natural Capital and Resource Efficiency. Only in Social Capitall
does Kuwait perform above the global average.
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of the best scoring country

Kuwait has issued an economic vision program in 2017, outlining a vison for a “New Kuwait
2035", aiming at improving livelihoods, health, nature and diversifying the economy to
become a financial hub to break the dependency on fossil exports. Kuwait possesses a large
National sovereign wealth fund, allowing the country to invest in new technologies,
infrastructure and other programs. However - while the focus on fostering new enterprises and
education covers some of the underlying deficits, in total the “New Kuwait 2035" seems not
ambitious enough in light of the rapidly changing global environment and the expected
decline in oil demand.
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5.7.4 Qatar

Qatar boasts high income and modern infrastructure and facilities, with a comparable high
population density compared to its neighbours — and also a considerable GDP per capita. The
country, however, performs below global average in the Global Sustainable Competitiveness
Index, ranked 129. Only in Social Capital does Qatar perform above the global average.

However, trend in most areas (other than natural capital) suggests future improvements can
be expected
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the best scoring country

Qatar has published The National Qatar Vision 2030" in 2008, with the key aim to diversify the
economy while maintain the citizens standard of life. However, the Vision is kept somewhat
vague, and share of fossils as percentage of exports remain hovering around 80% - that is not
sufficient in light of stalling oil revenues when global demand for fossils starts fo decline. Qatar
has put savings aside in the nation wealth fund. The large available capital resources indicates
that a swift transition away from fossils would be possible.
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5.7.5 Oman

Oman is somewhat different from the other GCC countries in terms of oil resources, and GDP
per capita.
Oman performs below the global average in the Global Sustainable Competitiveness Index in

most areas, ranked 157. In Social Capital and Governance, the country is withing the global
averages.
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of the best scoring country

Oman has issued a "Vision 2040" with surprisingly detailed targets, mostly based on
infernational indexes. However, there is insufficient clarity regarding the policies formulated,
and it remains fo be seen whether these targets can be achieved. Oman’s sovereign wealth
find is comparable small relative to other wealth funds, meaning a slight disadvantage
compared to the other GC countries.
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Conclusions

The Oil markets & business

The markets for renewables and electricity-powered consumption have reached
momentum that is now unstoppable. It's simple economics: Renewables are — by a
large margin — more efficient and cheaper.

Market developments flush more investments in R&D, production and installation -
everything renewable and electric will become even cheaper in the near future. The
outlook suggests half the cost in the next 10 years, redoubling market dynamics.

As a consequence, fossils and fossil-powered consumption are no longer
competitive. Demand for oil will peak between 2025 and 2027, and therefore start to
decline, slowly at first, and faster over time. Demand, revenues and profits for and
from fossils will decline in accordance.

The renewable transition will happen faster than the “mainstream” is currently
expecting.

Demand for oil will decline after 2030, even assumed a business-as-usual scenario
with no or very limited climate change-forced policies.

Policies and targets induced by climate change (e.g. incentives and financing
framework for renewables, and taxing of fossils) are likely further accelerating market
dynamics. It is highly likely that the demand for fossils will be a fraction of fodays, and
maybe even close to zero by 2040.

Gulf Corporation Countries Sustainable Competitiveness

GCC countries currently generate between 15 and 40% of their GDP and close to
100% of government revenues from fossil exploitation —income that is set to drastically
decline after 2030 (af the latest), and might well be close to zero by 2040
Diversification efforts so far have resulted in the development of alternative income
stfreams, (hub functions, service cenfres, tourism, hospitality). The UAE and Qatar are
quite advanced in diversification, with Saudi Arabia and Kuwait having made
somewhat less progress in reducing the dependency on fossil income

The transition to renewables is set to happen faster than previously anticipated. GCC
countries therefore have to revise their development visions, and investment plans to
accelerate the fransition.

Thanks to the financial resources (sovereign wealth funds) and past investments in
new business areas, infrastructure, education and health, GCC countries are in a
reasonable position to successfully manage a fransition to advanced economies
without fossil income.

However, circumstances and the pace of development require acceleratfion of
current efforts to diversify the GCC economies if decline of living standards are to be
avoided. Resources and investments need to be allocated wisely in areas that
promise the highest return on investment in ferms of sustainable competitiveness.
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Disclaimer

No warranty

This publication is derived from sources believed to be accurate and reliable, but neither its accuracy nor
completeness is guaranteed. The material and information in this publication are provided "as is" and without
warranties of any kind, either expressed or implied. SolAbility disclaims all warranties, expressed or implied, including,
but not limited to, implied warranties of merchantability and fitness for a particular purpose. Any opinions and views
in this publication reflect the current judgment of the authors and may change without nofice. It is each reader's
responsibility to evaluate the accuracy, completeness and usefulness of any opinions, advice, services or other
information provided in this publication.

Limitation of liability

All information contained in this publication is distributed with the understanding that the authors, publishers and
distributors are not rendering legal, accounting or other professional advice or opinions on specific facts or matters
and accordingly assume no liability whatsoever in connection with its use. In no event shall SolAbility be liable for any
direct, indirect, special, incidental or consequential damages arising out of the use of any opinion or information
expressly or implicitly contained in this publication.

Copyright

Unless otherwise noted, text, images and layout of this publication are the exclusive property of SolAbility. All confent
published under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. Republication is
welcome.

No Offer

The information and opinions contained in this publication constitutes neither a solicitation, nor a recommendation,
nor an offer to buy or sell investment instruments or other services, or to engage in any other kind of fransaction. The
information described in this publication is not directed to persons in any jurisdiction where the provision of such
information would run counter to local laws and regulation.
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