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Disclaimer

This report has been prepared by Marmore MENA Intelligence "Marmore” in collaboration with Kuwait Economic Society
"KES" as a general policy research report. This document and its contents are lawful property of - KES, is confidential and
may not be distributed, reproduced or copied in whole or in part, nor may any of its contents be disclosed without the prior
written and express permission of KES. The report does not represent policy advice. KES does not endorse or validate

the content of this report which was prepared as a joint effort with Marmore. This report may not consider the specific
objectives, financial situation and the particular needs of any specific person who may receive this report. Users

are urged to seek advice regarding the appropriateness of the strategy or guidelines discussed or recommmended in this
report (if any) and to understand that statements regarding future prospects may not be realized.

The views, opinions, findings, and conclusions or recommendations expressed in these papers and articles are strictly
those of the respective author(s). They may not necessarily reflect the official views of KES, Marmore or its Directors or
Employees.

The information and statistical data herein have been obtained from sources we believe to be reliable but no
representation or warranty, expressed or implied, is made that such information and data is accurate or complete, and
therefore should not be relied upon as such. Opinions, estimates and projections in this report constitute the current
judgment of the author as of the date of this report. They do not necessarily reflect the opinion of Marmore or KES and
are subject to change without notice. Marmore or KES have no obligation to update, modify or amend this report or to
otherwise notify a reader thereof in the event that any matter stated herein, or any opinion, projection, forecast or estimate
set forth herein, changes or subsequently becomes inaccurate, or if any referred third-party research on the subject is
withdrawn.

KES or Marmore, its affiliates or any other member of its group may seek to do business, including similar research
reports, investment banking deals or have any other business deals, with entities or individuals covered in the reports. As
a result, Users should be aware that the company may have a conflict of interest that could affect the objectivity of this
report. This report may provide the addresses of, or contain hyperlinks to, websites. Except to the extent to which the
report refers to website material of Marmore, Marmore or KES have not reviewed the linked site and take no responsibility
for the content contained therein. Such address or hyperlink (including addresses or hyperlinks to Marmore's own website
material) is provided solely for your convenience and information, and the content of the linked site does not in any way
form part of this document. Accessing such website or following such link through this report or Marmore's website shall
be at your own risk.

No representation or warranty, expressed or implied, is given by Marmore or KES, its subsidiaries, affiliates or any other
member of its group companies or its representative directors, officers, employees or representatives as to the accuracy
of the information or the opinions contained in this report and no liability is accepted for any direct, indirect, incidental,
special or consequential damages or, whatsoever, resulting from the information or opinions published in this report. The
Users of this report agrees to keep Marmore and KES indemnified and harmless against any claims arising.

For further information, please contact Marmore at Email: research@e-marmore.com ; Tel: 00965 22248280
Or
Kuwait Economic Soceity at Email : info@kesoc.org; Tel: 00965 22450353/4



About KES

The Kuwait Economic Society (KES) was founded in 1970 in Kuwait as a civil society organization.
KES aims to be an active and influential partner in the economic development process by
supporting the reformist policies of the state, enhancing the competitiveness and transparency
of the Kuwaiti economy, and providing economic and financial consultations and studies for the
public and private sectors. KES strives to empower professionals and businesspeople to build

a knowledge-based society with the focus on the role of the human element while acting as a
facilitator to ease communication with international economic institutions.

About Marmore

Marmore Mena Intelligence provides research-based consulting solutions to help understand
current market conditions, identify growth opportunities, assess supply/demand dynamics, and
make informed business decisions.

Marmore is a fully-owned research subsidiary of Kuwait Financial Center‘Markaz’ Since 2006,
Markaz Research has been at the forefront in disseminating thought-provoking, hard-data
backed research reports. Marmore continues that legacy with a focused approach to providing
actionable solutions for business leaders and policymakers.

Marmore has covered more than 25 varied industries and infrastructure segments with over
75 reports on the GCC and Mena economies. Almost on a weekly basis, Marmore publishes

thematic economic, industry, policy and capital market reports.

To learn more, visit www.e-marmore.com.

If you have any questions, please write to us at enquiry@e-marmore.com or
Call us at +965 22248280
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Chapter 1

Executive Summary

6

Kuwait Economic Society

The development of alternate energy strategies
around the world is undoubtedly a step in the
right direction for the future of energy generation.
However, any change in the existing dynamic
would have implications on the incumbent,

which in this case would be Oil and Gas. The case
is stronger for Kuwait whose economic activity
revolves around fossil fuels.

Kuwait has been witnessing a rise in demand for
electricity during the last few decades thanks

to strong economic development and rapid
urbanization supported by the abundance of
fossil fuel resources in the country. Kuwait’s total
installed capacity for electricity generation has
increased at a CAGR of 6.4% in the past ten years
indicating the growth in domestic demand.

Rise in population during the coming years in
addition to the ambitious initiatives taken by

the government to develop the country’s
infrastructure is expected to drive demand

for energy further. This would lay additional
pressure on existing oil and gas resources, which
are currently the primary fuel used for power
generation. In order to bridge the supply-demand
gap, Kuwait will need to move towards alternate
sources of energy.

Marmore MENA Intelligence




Executive Summary

As with the case of other GCC countries,
Kuwait has identified the importance of
renewables in recent years and started
concentrating on renewable energy projects.
Renewables, which have the capability to
solve the problem of meeting domestic
energy demands while freeing up oil for
exports, has gained prominence after the fall
in oil prices during 2014.

Kuwait has set a target of achieving 15%

of its total generation through renewables
by 2030 and also promised investments of
around USD 100bn in the next two decades
to achieve it. Declining installation and
production costs of renewable energy have
made the shift to renewables more attractive
in an economic sense. Growing concerns over
air quality in the country is also expected to
support the push for renewables, especially
after the country signed the Paris climate
accord.

With the expected addition of renewable
sources to the country’s power mix, we
estimate cumulative savings of USD 41.5bn
by 2040 achieved through the difference
in cost of production and the sale of oil
saved, while taking the total lifetime costs

Kuwait Economic Society

of the power projects into consideration.
The picture is also compelling from an
environmental sustainability perspective as
the generation of energy through renewable
resources would reduce emissions by a
substantial margin.

The government must also intervene from

a policy level in order to regularize the
consumption of energy. Energy subsidies
would be an apt place to start as their
reduction would translate to a more efficient
usage both residentially and commercially.
Investments are also required in developing
renewable energy storage facilities to
support the development of more reliable
power systems.

Inevitably, the energy landscape is expected
to undergo a transformation with the
development of alternative sources of
energy. Oil and Gas would still play a major
role in Kuwait’s economy; however, the
reliance on them would not be as much in
the future. Having strong financial buffers
and high potential for renewables due to
their geographical advantage, Kuwait can be
expected to embrace the change in a positive

manner.

Marmore MENA Intelligence | 7




Chapter 1

Kuwait Energy Landscape

The GCC countries are experiencing
phenomenal growth in energy consumption,
with their per capita consumption rate

being among the highest in the world. Three
among the top ten countries in terms of per
capita electricity consumption were from

the GCC, with Kuwait ranked at the seventh
place consuming 15,213 kWh per person in
2014. Rising population is another important
factor, as revealed by power consumption in
residential sectors that account for the largest
share.

The boom in real estate construction activity
and the lack of energy efficient measures
for buildings have led to a surge in air

conditioning installations. For instance, air
conditioning in Kuwait accounts for 70% of
peak electricity demand during summers.
The growth of power consumption also
results from increased water usage. Water
desalination is also a heavily energy intensive
process which adds to the demand for more
energy.

The combined effect of this development
process resulted in a steady annual growth of
3.5% in power consumption between 2012
and 2016. Considering the growth prospects
of the private sector through various diver-
sification efforts along with the increase in
population and the ambitious infrastructure

Chart 1.1: Kuwait Electricity Consumption by source in 2015

Source: IEA

| Kuwait Economic Society
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Kuwait Energy Landscape

projects in the pipeline, we expect the a strong growth in the last decade. But,
consumption of electricity to increase with a the energy efficiency of Kuwait is lesser in
CAGR of 4.2% up to 2030 and then plateau to comparison to other economies worldwide.
around 1% between 2030 and 2040. Kuwait requires more energy to generate

a single unit of its GDP emphasizing the
Benefiting from the high oil prices, the GCC need to improve the efficiency of energy
countries have undoubtedly registered consumption.

Chart 1.2: Energy intensity of GDP (kilo oil eq. /USD)
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Chapter 2

Electricity Generation

Demand for electricity and desalinated with oil constituting 64% of the total revenue
water is rapidly and continually increasing in 20172 Due to the heavy reliance on

in Kuwait. As Kuwait mainly depends on oil hydrocarbon based commaodities, it becomes
to produce electricity, mounting pressure to counterproductive to dedicate more and more
expand production is leading to increasing of the resource for domestic consumption
consumption of fossil fuels. especially in a situation where oil prices are

witnessing a rebound. Brent Crude prices
Kuwait is the 9th largest producer and the 7th breached the USD 80 per bbl. mark in May
largest net exporter of oil in the world. Its 2018, the first time since November 2014.
economy is dependent on the income from oil

Chart 2.1: Kuwait Electricity Generation
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Electricity Generation

Kuwait had a power capacity of around 18,870 Kuwait derives power from nine power

MW in 2016 increasing at a CAGR of 6.4% stations out of which one is based on

in the past ten years. Electricity generation renewable energy. Sabiya Power station and
also saw a proportional increase, amounting Az-Zour South Power station are the major
to 70.08 TWh in 2016 and expected to power plants in terms of capacity, accounting
reach 88 TWh in 2022. Residential power for 62% of Kuwait'’s total installed power
consumption accounts for nearly 65% of the capacity.

total consumption while the rest is allocated
to commercial and public service sectors.

Table 2.1: Kuwait Power Plants in 2016

Installed Capacity (in MW)

Power Plant i
. Gas Steam Corcnlc::::ed Renew-
Turbines Turbines y . ables
Turbines
Shuwaikh Station 252.0 - - - 252.0
Shuaiba North Station 875.5 - - - 875.5
Shuaiba South P. Plants - 720.0 - - 720.0
Doha East P. Station 108.0 1,050.0 - - 1,158.0
Doha West P. Station 141.0 2,400.0 - - 2,541.0
Az-ZourSouth P 3,035.8 2,400.0 370.0 . 5,805.8
Station
Sabiya P. Station 2,820.2 2,400.0 646.5 - 5,866.7
Az-Zour North P 1,129.0 - 502.4 . 1,631.4
Station
Shygaya Station - - - 20.0 20.0
Total 8,361.5 8,970.0 1,518.9 20.0 18,870.4

Source: Kuwait MEA 2016 Annual Report

Kuwait Economic Society Marmore MENA Intelligence | 11




Electricity Generation

In spite of the increase in demand over the 71% in 2016.The peak in load usually occurs
years, peak load has come down in the past during summer season which falls between
two years due to the capacity additions. Peak the months of May and October where the
load to installed capacity has come down usage of air-conditioners is generally high.

from 79% of the total capacity in 2014 to

Chart 2.2: Peak Load to Installed Capacity (in %)
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Electricity Generation

Oil and Natural Gas have been the major the fuel mix shifting towards natural gas
sources for energy production in the GCC from oil, with the former accounting for the
over the years accounting for roughly 46% majority of electricity production after the
and 54% of the fuel mix in 2016. Three recent capacity additions. The share of oil in
grades of oil including heavy oil, crude oil producing electricity has reduced from 59.4%
and gas oil were used for production. In in 2013 to 45.8% in 2016, translating to 58 mn
the past few years, we have been seeing barrels in 2016.

Chart 2.3: Fuel Mix for Electricity Generation
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Chapter 3

Challenges for the Energy Market
In Kuwait

Rising Demand

Ever since the discovery of oil in the region, at 7th in the world with a consumption 15,213
economic activity has been booming, kWh per person in 2016. Taking into account
resulting in high domestic and commercial the rise in demand for the coming decade, it
consumption of electricity. Demand for has become critical for Kuwait to accelerate
electricity is expected to increase further the implementation of new power projects

in the coming years, driven by an increase to cope up. For this, the country would

in population and the efforts of the eventually have to involve the private sector
governments to boost the private sector. and focus on renewable energy to reap the

benefits in the long run.
In terms of power consumption per capita,

most GCC countries rank highly with Kuwait

Chart 3.1: Power Consumption per Capita (in kWh per capita)
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Challenges for the Energy market in Kuwait

Rise in Emissions

Air pollution has been an ever-present in the over reducing emissions worldwide have
GCC countries owing to their dependence on made it a necessity for Kuwait to improve
oil and gas related industries. Kuwait has very their air quality. Besides, Kuwait being one
high level of PM2.53 as well as CO2 emissions. of the countries that have signed the Paris
Kuwait’s CO2 levels have been higher than agreement on Climate change which calls
both the World and GCC average at 27 metric for each nation to reduce greenhouse gas
tons per capita. In comparison, countries emissions, it is imperative that they develop
like Switzerland and Germany which have alternative sources of energy for reducing
similar population density has 5.0 and 9.4 emission levels.

metric tons respectively. Growing concerns

Chart 3.2: CO2 Emission per capita (metric tons per person)
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Source: World Bank

3PM 2.5 stands for fine inhalable particulate matter, with diameters that are generally 2.5 micrometers and smaller that can
be inhaled, causing adverse effects on health. It is widely used as a measure to denote Air quality.
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Chapter 4

Renewable Energy Market

The renewable energy sector no longer
remains at the periphery as an industry

for social good alone; but has emerged

as a profitable alternative to conventional
sources of power generation. The case is
even stronger for Kuwait which is now at
crossroads, in times of uncertainty in oil
prices. A shift to renewable energy possesses
the dual benefit of reduction in cost of
production as well as particulate emissions.

Kuwait has been lagging in terms of
renewable penetration due to the abundance
of fossil fuel resources which have been their
main source of revenue. Ever since the oil
price hit a slump due to the supply glutin
2014, Kuwait has been increasingly aware of
their overdependence on hydrocarbons and
has been looking to diversify their source of
revenue. Despite measures, oil is still expected
to play a pivotal role in the short to medium
term. Increasing allocation of hydrocarbon
resources towards electricity production to
satisfy the growing demand would put a
burden on the economy as it would mean
that there would be less oil available for
exports.

Renewable energy, predominantly solar
energy has immense potential in the Middle
East due to their geographical position.
Despite lagging behind the GCC countries in

Kuwait Economic Society

terms of development, Middle East countries
like Egypt, Jordan, Morocco and Lebanon
have sizeable capacity of renewable projects.
Kuwait currently ranks 4th among GCC
countries in terms of renewable capacity

installed, only ahead of Oman and Bahrain.

Kuwait’s total area is 17,820 km and most

of its lands are desert. The climate is
characterized by a long, dry, hot summer

with temperatures reaching 50°C and
frequent sandstorms, and a cooler winter
with temperatures falling below 4°C. High
levels of solar radiation and sunshine duration
were registered in Kuwait, which provides

the country with enormous potential for
solar-based generation of electricity.

Kuwaiti and foreign institutions conducted
several studies on Renewable Energy Sources
(RES) — mainly solar and wind - to explore
their potential and possible applications in
the local context. According to a German
Aerospace Center study, Kuwait has among
the highest performance indicators in terms
of its Direct Normal Irradiance (DNI) - suitable
for Concentrating Solar Power — and an
equally high Global Horizontal Irradiance
(GHI) — useful for photovoltaic systems; these
amounts to 2,100KWh/m2/year and 1,900
KWh/m2/year, respectively.

Marmore MENA Intelligence




Renewable Energy Market

Table 4.1: Total Renewable Energy Capacity (in MW)

Country

Bahrain 1 6 6 6 6
Oman 1 1 2 2 8
Kuwait - 2 3 41 41
Qatar 40 42 42 43 43
Saudi Arabia 22 24 74 74 92
Lebanon 288 291 296 304 312
UAE 132 137 137 144 357
Jordan 17 17 163 495 576
Morocco 1,874 2,180 2,341 2,443 2,566
Egypt 3,436 3,436 3,646 3,669 3,717

Source: IRENA Statistics 2018

Kuwait Economic Society
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Renewable Energy Market

Projects, Investments and Targets

Currently, there are two major renewable
energy projects that have been undertaken
by the Ministry of Electricity and Water.

* Al Abdaliyah Integrated Solar Combines
Cycle (ISCC) - Hybridization of solar
thermal power plants with combined
cycle power plants to make up an
integrated Solar Combined Cycle (ISCC)
with a total power capacity of 280 MW (60
MW produced from the solar energy). It is
expected to be in service in 2020.

* Installation of PV System on Water
Reservoirs - 19 locations has been
identified for executing the project of
installing PV cells on water reservoir
surfaces. The first contract is expected to
be signed in Feb. 2021 at west Sabiya with
a power capacity of 25 MW.

The Kuwait government has also allocated
100 square kilometers of land in the west

of the country to develop a large scale
renewable energy project with a total
capacity of 2 GW, the Al-Shagaya Renewable
Energy complex. A consortium consisting

of Spain’s TSK and Kuwait’s Kharafi National
signed a contract worth USD 38mn in 2015 to

Kuwait Economic Society

design, construct and operate a 50 MW solar
CSP plant and a 10 MW solar PV plant. The
wind plant became operational in 2016 and
the PV plantin 2017 adding nearly 23 million
kilowatts per hour in the first six months to
the country’s national grid.

In subsequent phases, total capacity of
Concentrated Solar Power (CSP) facilities is
expected to be increased to 1150 MW, PV to
700MW, and wind to 150MW. It has reduced
carbon dioxide emissions by 15,000 tons
during the time it has been operational.
When the final phase is complete in 2030, it is
expected to save 12.5 million barrels of oil a
year which would otherwise have been used
to generate electricity in the normal course of
events.

Kuwait with a renewable energy capacity
of 41 MW at the moment and has plans to
achieve 15% of energy generation through
renewables by 2030. To realize the goal,
Spending of USD 100bn is expected to be
made in this regard during the next two
decades.

Marmore MENA Intelligence




Renewable Energy Market

Table 4.2: Renewable Energy targets and capacity by technology

Current Capacity of renewables (in

MW)** Targeted %

share of total
power from
Solar Wind Bio Energy renewables

Target Date

Country

Saudi Arabia 89 3 - 30% 2040
UAE 355 1 1 30%* 2030
Qatar 5 - 38 20% 2030
Kuwait 31 10 - 15%* 2030
Oman 8 - - 10% 2020
Bahrain 5 1 - 10% 2035

Source: IRENA, Marmore Research; Note: * denoted share of electricity generation

Kuwait Economic Society Marmore MENA Intelligence | 19
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Chapter 5

Feasibility of Renewable Energy
Technologies in Kuwalit

Photo Voltaic Cells

Analyzing weather data collected by the
Kuwait Institute for Scientific Research (KISR)
for 20 years, a study was conducted by the
College of Technological Studies to find the
hourly insolation on differently tilted surfaces
for each month of the year. The study found
that there is great solar radiation potential
as the number of sunshine hours per day is
large, especially during the period from May
to September. Furthermore, it was observed
that the maximum solar radiation and
maximum electricity load in Kuwait occur at
the same time of the year, which encourages
the use of photovoltaic energy for electricity
generation.

However, it must be noted that harsh weather
conditions in Kuwait could negatively affect
the performance of photovoltaic cells. Despite
the high rate of solar incident radiation,
humidity and dust — due to frequent

Kuwait Economic Society

sandstorms — lead to the formation of a layer
of crust on the surface of the solar panels
which can reduce their effectiveness, hence
necessitating the need for regular cleaning
of the panels. Similarly, the space constraint
could also affect the economic potential for
PV plants.

Nevertheless, this space constraint could

be compensated by integrating solar
technologies into buildings’ roofs and
structures. Indeed, the Building Integrated
Photovoltaics (BIPV) option represents a
valuable opportunity for PV deploymentin a
relatively small country like Kuwait.

In a study exploring the potential of
photovoltaic system to reduce the electricity
consumption in the residential sector, it was
confirmed that the high levels of insolation
combined with the high percentages of
sunshine hours provide good conditions

for the generation of PV solar electricity in
Kuwait.

Marmore MENA Intelligence




Feasibility of Renewable Energy Technologies in Kuwait

Concentrated Solar Power

High solar Direct Normal Irradiance (DNI)#
and the average high ambient temperatures,
in particular, make Kuwait’s long summer
period particularly appropriate for the
deployment of CSP technologies as they
would enhance the technical potential of
such systems. Determined on the basis of
both the performance indicators and the
land resources that allow for the placement
of CSP plants, the economic potential of this
technology - in spite of the limited amount
of lands remains fairly high. Despite the cost
of energy being higher than Photo Voltaic
technology, the potential of Concentrated
Solar Power (CSP) to provide dispatchable
power in addition to heat storage capacity
makes it a better option to provide power to
the grid with higher reliability.

Wind Energy

Wind energy in Kuwait was also assessed and
the annual electricity yield from wind power
was found to be around 1,605 of annual full
load hours (capacity factor); this is considered
to be economically viable, as it is superior to
1,400 hours per year equivalent to a capacity
factor of 16 percent, taken as the threshold of
long-term economic potential.

In 2006, the Department of Coasts and Air
Pollution of KISR conducted a project to
examine the characteristics, potential and
applicability of wind energy in several inland
flat desert areas of Kuwait. According to

the study, the wind electricity generation
cost at the sites was found to be 33.7 fils/
kWh and 35.8 fils/kWh, respectively; these
figures, the study shows, are lower than the
costs of conventional electricity generation
at 36.4 fils/kWh, based on the then oil price
of USD 50/bbl. As the fuel price accounts

for 80 percent of the total production cost
of conventional electricity production, any
increase in fuel price would make wind
energy more attractive, the study concludes.

Grid Connected Renewable
Energy

A grid connected renewable energy system
allows the producer to feed the excess
energy into the grid thereby reducing the
variability from the supply side. Due to the
inconsistent nature of energy sources such
as solar and wind energy, connectivity to a
grid would enhance the reliability of a power
system. Studies have been carried out to
assess the technical and economic feasibility
of grid-connected photovoltaic systems in
the Kuwaiti climate.

4Direct Normal Irradiance (DNI) is the amount of solar radiation received per unit area by a surface that is always held
perpendicular (or normal) to the rays that come in a straight line from the direction of the sun at its current position in the

sky.

Kuwait Economic Society
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Feasibility of Renewable Energy Technologies in Kuwait

The main findings of the several studies>
conducted on grid-connected Renewable
Energy source units in Kuwait can be
summarized as follows:

» Asignificant reduction in peak load can
be achieved with grid-connected PV
systems, as the peak load matches the
maximum incident solar radiation in
Kuwait.

o Basic RES systems (units) can be operated
either in normal interconnected mode
and islanded mode to inject power to a
regional grid to enhance local reliability.

For Kuwait, vertically integrated

electric power stations (utilities),
anticipated challenges and concerns

of grid-connected RES units can be
managed through local autonomous
supervisory controllers to ensure that the
RES’ power output is quantitatively and
qualitatively compatible with the regional
or national grid’s

s Ali H. Abdullah, Adel A. Ghoneim and Ahmad Y. Al-Hasan, “Assessment of Grid-connected Photovoltaic Systems in the

Kuwaiti Climate,” Renewable Energy 26, no. 2 (June 2002): 189- 199

A.Y.Al-Hasan, A. A. Ghoneim and A. H. Abdullah, “Optimizing Electrical Load Pattern in Kuwait Using Grid Connected
Photovoltaic Systems,” Energy Conversion and Management 45, no. 4 (March 2004): 483-494.

Kuwait Economic Society
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Chapter 6

Cost of Renewable Energy

One of the major barriers of moving to
renewable projects has been the high upfront
costs and the high cost of production of
electricity. Hence, it did not paint a compelling
picture for the adoption for renewable energy
beyond the advantages it provides through
reduction of the carbon footprint. However,
the dynamic has started to shift lately with
the reduction in costs for renewable energy
facilities, making it an economically attractive
proposition.

Globally, renewable power generation costs
have come down substantially, making it cost
efficient to move towards renewable energy.
There has been a downward trend in both
installation costs as well as the levelized cost
of electricity® (LCOE) in the past five years.
Solar Energy, which is expected to form the
majority of power generating capacity in

the Middle East, has witnessed a reduction
in LCOE to 0.1 kWsh in 2017 from 0.4 kWh

in 2010. Installation costs for solar facilities
have also reduced dramatically, with average
installation costs of Solar PV facilities being
cheaper than onshore wind projects.

Chart 6.1: Renewable Energy Costs (in USD/kWh)

5,000 mmm Solar (PV) Weighted Average Total Installed Cost (USD/kWh) LHS 0.50
 Wind (Onshore) Weighted Average Total Installed Cost (USD/kWh) LHS

4,500 —e—>Solar (PV) LCOE (USD/kWh) RHS 045
4,000 0.40
3,500 0.35
3,000 0.30
2,500 0.25
2,000 0.20
1,500 0.15
1,000 0.10
500 0.05

- 0.00

2010 2011 2012 2013

Source: IRENA Statistics 2018

2014 2015 2016 2017

6 The levelized cost of electricity (LCOE) is the net present value of the unit-cost of electricity over the lifetime of a generating

asset.
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Chapter 7

Impact of Moving to Renewables

Kuwait has set an ambitious target for
renewables and pledged investments towards
development of necessary infrastructure.

An objective way of assessing the impact

of the shift towards renewables would be

to calculate the savings in monetary terms
arising out of the change. Considering the
initial outlay, fuel costs and potential revenue
associated with the shift to renewables, we
forecast the savings under different scenarios.

Forecasting Methodology

We forecast the savings achieved by replacing
conventional sources of producing electricity
by a mix of renewable energy and fossil

fuel. Savings include the difference in cost

of production and the revenue obtained by
exporting the fuel saved.

1. Difference in cost of production:
Cost of production is calculated taking
initial outlay of the project also into
account. The LCoE of fossil fuel and
renewables are used as metrics to

Kuwait Economic Society

calculate the final cost of producing
electricity. The cost difference in
production of electricity completely
through conventional fuel and through a
mix of conventional fuel and renewable
fuel according to electricity demand is
considered as the difference in cost of
production.

Revenue from exporting the fuel saved
through the use of renewables:

The current mix of Oil and Natural Gas
used to produce electricity is taken into
account and projected according to the
estimate of future demand for electricity.
The amount of fuel saved when the fuel
mix changes to incorporate renewable
sources of energy is calculated. The
saved fuel every year is considered to be
exported at the average expected price of
fuel in the respective year. The final value
obtained is considered as the revenue
from exporting the fuel saved by using
renewable sources of energy.
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Impact of Moving to Renewables

Assumptions

1. Energy Mix: Kuwait’s energy mix in
2016 was roughly split in the ratio 54:46
between Natural Gas and Oil. As we
see a shift in the energy mix in favour
of Natural Gas, we assume it to have a
split of 63:37 by 2040 for the scenario
where electricity is produced through
conventional sources alone (i.e. to
calculate the fuel saved).

Renewables Energy Share at

2. Power Capacity: Capacity forecasts from
the Ministry of Electricity and Water were
taken until 2030. Power capacity growth
scenarios of 2%, 3% and 4% CAGR were
assumed between 2030 and 2040.

3. Renewables Target: The following
scenarios were considered for the share
of total electricity produced through

renewable sources

Renewables Energy Share at

2030 2040

Bullish Scenario 15% 20%

Base Case Scenario 10% 15%

Bearish Scenario 5% 10%
Forecasts in line with Kuwait government’s target of

We arrive at a cumulative savings in range
of USD 40.7bn to USD 44.8bn by 2040 as
per our estimates for the bullish scenario of
15% renewables share by 2030 and 20% by
2040. These renewables energy targets are

Kuwait Economic Society

15% by 2030. Assuming a lesser optimistic
scenario of 5% by 2030 and 10% by 2040
we arrive at a range of USD 17.2bn to USD
19.1bn. In our base case scenario 10% by
2030 and 15% by 2040, we forecast a range
of USD 29bn to USD 32.1bn.
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Impact of Moving to Renewables

Table 7.1: Savings Forecasts assuming capacity growth of 4% between 2030 and 2040

Renewables Energy Renewables Energy Total Savings (USD Bn)

Share at 2030 Share at 2040
Case 1 15% 20% 44.8
Case 2 10% 15% 32.1
Case 3 5% 10% 19.1

Table 7.2: Savings Forecasts assuming capacity growth of 3% between 2030 and 2040

Renewables Energy Renewables Energy Total Savings (USD Bn)

Share at 2030 Share at 2040
Case 1 15% 20% 42.7
Case 2 10% 15% 30.5
Case 3 5% 10% 18.1

Table 7.3: Savings Forecasts assuming capacity growth of 2% between 2030 and 2040

Renewables Energy Renewables Energy Total Savings (USD Bn)

Share at 2030 Share at 2040
Case 1 15% 20% 40.7
Case 2 10% 15% 29.0
Case 3 5% 10% 17.2

Source: Marmore Research

Marmore MENA Intelligence

26 | Kuwait Economic Society




Impact of Moving to Renewables

Chart 7.1: Cumulative savings assuming 3% capacity growth between 2030 and 2040

(in USD Mn)
== Bullish Scenario
45,000 = Base Case Scenario GRS
40,000 = Bearish Scenario
35,000 30,515
30,000
25,000
20,000 18,074
15,000
10,000
5,000
RN U U A U O i S i P S o

Source: Marmore Research

Oil and Gas are still expected to be the major promote private sector growth as part of
source of energy to produce electricity, its vision for 2035. Total installed capacity
but the introduction of renewables will is also expected to rise from 18,447 MW in
reduce the pressure caused by the increase 2017 to 31,667 in 2030 and growing further
in demand for electricity. We forecast the into 34,980 MW by 2040 taking the rising
electricity generation to increase at a CAGR demand for electricity into account and

of 3.7% from the 70 TWh produced in 2016 achieving reliable production during peak

to 168 TWh by 2040, considering the increase load conditions.
in domestic consumption due to the rise in

population and the growth of commercial

usage aided by the focus of Kuwait to

Kuwait Economic Society Marmore MENA Intelligence | 27




Impact of Moving to Renewables

Table 7.4: Kuwait Electricity Generation and Capacity Forecasts

Electricity
Generation 61 65 68 70 73 82 125 168

(inTWh)

Electricity
Generation 15,719 15,719 16,719 18,870 18,447 20,627 31,667 34,980

(inTWh)

Total Installed
Capacity of Solar 0 2 3 31 31 85 3,563 4,788

Projects (in MW)

Total Installed
Capacity of Wind 0 0 0 10 10 40 1,188 1,596
Projects (in MW)

Source: Marmore Research; Note: Assuming 3% capacity growth between 2030 and 2040 and Base case renewable share
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Chapter 8

Policy and Business Recommendations

Curbing subsidies in a phased the product taking the cost of supply into

manner account is subsidized while the rest is only
paid by the end-consumer. In comparison,
The high amount of subsidies provided in developing economies such as India and
the GCC countries for Qil, Gas and Electricity China have average subsidization rates more
has paved way for inefficient use of the than ten times lesser than that of Kuwait.
resources. Kuwait has the highest average Reduction of subsidies on these commodities
subsidization rates among GCC countries at reduces the burden on public spending and
62%, amounting to USD 4.5bn in 20167. It also will nudge the consumers to use energy
effectively indicates that 62% of the price of in a more efficient way.

Table 8.1: Subsidies provided by Governments

Avera_ge Subsid_y thal

oty Sabrdia percnta by
(%) person) GDP (%)

Kuwait 62% 1,132 4.1% 601 3,086 851
Saudi Arabia 52% 922 4.6% 19,407 6,713 3,540
UAE 37% 792 2.0% 232 1,432 5,679
Qatar 24% 441 0.6% 173 542 295
India 6% 10 0.6% 10,240 2,369 743
China 4% 27 0.3% 12,662 24,121 -

Source: IEA 2016

7 IEA Energy Subsidy statistics
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Policy and Business Recommendations

Promoting Public and Private
Sector partnerships in Power
projects

Encouraging more PPPs in the Energy and
Utilities sector will help in the growth of the
sector by bringing in more private investment
and also increase the efficiency in delivery
of projects. Recently, the PPP model was
successfully implemented with the Az Zour
North Phase 1 IWPP. The facility currently
accounts for 20% of Kuwait’s desalination
capacity and 10% of its energy capacity.
Similar projects need to be encouraged

by the Kuwait government to improve the
efficiency of energy consumption.

Mandating Energy
Conservation in Buildings

Kuwait needs to promote the concept of
green buildings in order to bring down
energy consumption. Green building

is nothing but the practice of creating
structures in a resource efficient way
without having any negative impact on the
environment. Imposing regulations on the
usage of energy would help bring down

the excess consumption of energy. Also,
installation of solar panels on rooftops would
help displace a part of the energy consumed
by the building, helping it become more

Kuwait Economic Society

self-sufficient from an energy perspective.
Better compliance can be achieved by linking
the process of obtaining permits to construct
buildings to an environment sustainability
component, making it imperative for
buildings to find ways to conserve more
energy.

Investing in Energy Storage

The development of energy storage is also
a vital component in the move towards
renewables as it is perceived as the missing
link to enable grid level integration of
renewable energy. Storage of renewable
energy and connectivity to the grid will
allow renewable energy to be more reliable,
due to the uncontrollable nature of sources
renewable energy supply — Sun and Wind -
making it difficult to be used when demand is
high and supply is limited.

Recent developments in technology have
made it possible for electrochemical storage
to be developed at a utility scale. Cost

of Lithium-lon batteries are also coming
down roughly by 80% when compared

to 2010 making a stronger case to look at
energy storage systems. Despite the limited
deployments of grid level energy storage at
the moment, we expect it to grow in tandem

with the renewable energy market.
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Policy and Business Recommendations

Incentivize the usage of down the consumption of fossil fuel,
Electric Vehicles thereby allowing the government to

use them for other productive purposes.
Kuwait must make investments towards Subsidies for fossil fuel must be reduced and
developing electric vehicle infrastructure channeled towards electric vehicles, thereby
in order to promote their usage. Electric incentivizing their usage.

vehicles will play a major role in bringing
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Chapter 9

Conclusion

The fall in oil price during 2014 came down
as a wake-up call for Kuwait, increasing

their urgency to explore alternate sources

of energy. Renewables could be a potential
solution for a plethora of problems in hand
for Kuwait. It can reduce their reliance on
fossil fuel for domestic energy demands, free
up more oil for exports thereby increasing
government revenue and also reduce
pollution levels which have been a persistent
problem for decades. Considering the
increase in cost-effectiveness of moving to
renewables and the potential for generating

solar power, the case becomes even stronger.

32 | Kuwait Economic Society

Kuwait has pledged investments and set
targets on renewables, however, they

need to put their plans into practice in a
phased manner. Apart from the supply
side adjustments, policies should also be
introduced to supplement the effective
management of energy demand from both
the residential and commercial sectors.
Moving forward, we expect to see the
dependence on oil for energy requirements
coming down with the emergence of
alternate energy sources.
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