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Engineer Ahmed Ali Al-Ebrahim

The Chief Executive Officer of GCC
Interconnection Authority (GCCIA)

OG CC Interconnection Authority
(GCCIA) continues its efforts to develop
the technical tools for all networked
operations that target generation,
transmission and distribution, where
there is 3 growing need for energy and

2 need for diversifying its sources. The
growth of demand is due to the real
consumption in different areas which
required to support sustainable and
comprehensive development. That what
we plan within GCC countries in order to
have high production capacities capable
of facing the challenges and always
adapting to the emerging requirements.
GCC Interconnection Authority has been
continuing its activities in accordance
with its plans for 2015, and made a lot of
achievements and strategic objectives
in all areas that aim to offer stable
electric supply to all GCC countries.
Many successes have stimulated the
Authority to continue its qualitative and
quantitative method in energy saving.
The Authority is a foundation that has
strategic goals related to the provision
of sustainable energy has a vital
capacity to deal with any contingency
in the production, distribution, and
maintenance to get the maximum levels
of reliable productivity.

GCC Interconnection Authority continue
in constant movement to develop its
methods and implementation of its
plans. It was able to share many modern
international experiences in the field

of energy, and its contribution, in

these events, was in order to reach a

KEEPING ABREAST WITH ENERGY
TECHNOLOGIES

modern technical thinking which can
be utilized in its various tasks, and to
use all techniques of production and
maintenance of networks & terminals.
This make it close to every business
development and improvement. We are
keen to keep up with new developments
to help the GCC development growth
and consumption needs.

Perhaps the biggest and most important
performance is to move forward in the
energy trading system and progressing
to advanced levels, to ensure smooth
movement of energy and provide
commercial electricity to the market
with the highest international standards.
This provides a great insurance to 3
continuous supply and immediate
processing and for emergency cases at
the level of GCC networks & stations.
The Authority continue to develop and
grow despite its recent establishment
compared to the evolution and
development in the GCC, and will
continue its efforts to expand and
achieve all its strategic goals to remain
3 leading regional and international
organization in the field of energy. It
has more goals to achieve in this year,
to give an additive to the new era of
energy in the GCC countries which live
in an advanced stage of growth and
prosperity required continuous supply
of energy that makes the future. ©



THE FUTURE OF THE ENERGY INDUSTRY

Dr. Matar Bin Hamed Neyadi

Chairman of the Board of the GCC
Interconnection Authority.

() ] l N these days, Energy industry has
become a comprehensive industry for
everything related to its development,
innovation, production, distribution and
commercializing through systems that

meet consumer needs in the light of
population growth and economic escalating
in all regions of the world. Therefore,
consumption should be offset by production
and supply consistent with the requirements
of development and growth. When we
discuss energy in its industrial perspective
we meant 3 dynamical expansion in the
system so that it becomes more inclusive
and accommodating any innovative ideas in
production toward renewable and alternative
energy.

In fact, the GCC Interconnection Authority
aims to develop its tools and methods in
order to face the future needs by opening
the door for investments expansion related
to electricity producing plants. In this
approach, the Authority reduced the required
generating capacities but maintained

the same level of reliability for networks
electricity. This will lead to have large and
ambitious saving may yield up to $ 180
million annually in the period of time up

to 25 years through energy trading. This

is an ideal strategy enhances our plans to
put the foundations to cover the needs and
challenges of this period.

Success in reaching this goal will stimulate
further plans that support the creation of
the GCC energy trading. This is a typical
development achieved for the benefit of all
the GCC countries and their desire of mutual
work and cooperation, as it contributes to

IN THE GCC COUNTRIES

the achievement of significant economic
gains due to the marketing of excess energy
after reaching sufficient production and
getting abundance of supply. It will, also,
give us pricing options suitable to GCC
consumers, and make a significant saving in
fossil fuel consumption amounts either gas
or liquid fuel, which resulted in a3 continuous
and active energy production cycle.

The trade and development of energy
industry is a continuous process, and by
utilizing the renewable energy systems

we get oversupplied of «Energy» with a
strategy aimed to supply all economic and
housing systems by their need of cheap
and clean energy. Because the industry of
energy is a principle related to the caring
of all production investment, innovation,
availability and prices, it is the backbone of
modern life which no longer been possible
to decrease its production or neglect
researching in its scientific path to discover
more easy systems and applications that
yield abundance and a convenient economic
income. This issue has scientific dimensions
that are related to the development of
power stations, networks, distribution and
transportation. It is, also, involved in the
utilization of renewable energy natural
resources. These resources are available

in the GCC countries and are considered as
an alternatives reservoir when there is a
need for further production expansion. Sun
and winds became part of the new means
of energy production and found their way
to production but still subject to further
scientific development in order to have the
best way for their uses. ©



GCC INTERCONNECTION AUTHORITY ORCANIZED THE
FOURTH REGIONAL POWER TRADE FORUM IN 2015

In its keenness to
enhance the benefit

of the gulf power
interconnection,

GCC Interconnection
Authority organized the
Fourth Regional Power
Trade Forum in the
Emirate of Abu Dhabt
on December 17, 2015
AD, titled (addressing
the impact of subsidies
policies on Electricity
prices Markets to open
the horizons to power in
the Gulf)

During the inauguration,
Dr. Mattar Hamed Al-Neyadi , Undersecretary of the
Ministry of Energy in the UAE, Chairman of the Board
Interconnection Authority pointed that the work is
proceeding in the establishment of Gulf Common Market
for power trade to launch its activities by 2020. This
market is expected to achieve financial savings amount
to $ 26 billion for all Member States. Experts attended
the forum described the formation of energy market in
the GCC countries as a step hoped for the Gulf power
interconnection.

Dr. Neyadi said the goal of this year's forum is to enhance
the utilization of Gulf power interconnection to its Limits,
which would have a pivotal role in the future development
of energy trading sector. "We have succeeded in energy
exchange in order to support and stabilize its efficiency,
and we seek to expand this cooperation to 3 commercial
Llevel reflecting economic benefits for the region, which
may make it easier to expand into other markets in the
future".

H.E. Eng. Ahmed Bin Ali Al lbrahim, Chief Executive
Officer of GCC Interconnection Authority, said: The
optimal energy exchange between Member Countries
through the GCC Interconnection Authority leads to a
reduction in operating and maintenance costs, and it
may achieved very important revenues for all Member
Countries. Achieve the power exchange economically,
requires a coordinating plan for energy production,

and to develop a power trade market through the GCC
Interconnection Authority. This may put the Gulf region in
more advanced position in the global energy sector, and
opens opportunities for energy trade with global markets
in the future.

In turn, Dr. Saleh Al-Awaji, Undersecretary of Ministry of
Water and Electricity for Electricity Affairs and member of
the GCC Interconnection Authority, said that the agenda
Forum makes a valuable addition to the ongoing efforts
for activating the GCC power market and benefiting from
the international experiences in this field. He predicted
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that the signs of the Gulf
market activation will
appear between two and
three years.

The attendees reviewed
the challenges facing the
interconnection, to put
forward solutions and
create a clear roadmap
to start energy trade
between the six GCC
states. These challenges
were identified as the
absence of visibility and
awareness of electricity
costs and the benefits
that can be achieved

by power trading; energy price distortion due to varying
levels of subsidies in GCC countries; differences in
national energy policies; differences in local regulations
towards cross border power trading; differences in
national power sector structure; and low number of
market participants. The forum included three working
sessions, the first (centered on the theme of energy
transfer), and the second came to bear the title (CCC
Plan to deal with Fuel Subsidies), and the third session
was entitled (Pricing in light of subsidies & impact on
Electricity Markets).

The Forum discussed ways to address the impact of
Subsidies policies on electricity prices and the grid
interconnection requirements between members of

the GCC Interconnection Authority countries through
providing the necessary investments for power energy
exchange, reducing the generating failure in emergency
cases, improving the economic reliability of the power
systems in the Member Countries, and laying the
foundations for power exchange for the benefit of the
Gulf economy. The forum highlighted the increment

of power reliability and cooperation with electrical
companies and authorities in order to enhance
operational efficiency and coordinate their operations in
Line with the conditions of each country. It also proposed
subsidy strategies and its distribution in proportion to
the development plans.

The forum witness a time when the GCC countries,
actually, saved about 214.5 million dollars from the GCC
interconnection network during 2015, as a result of, only,
avoiding the losses of power outage and the unnecessary
to add additional new plants. The targeted saving to be
increased to more than $ 500 million over the next seven
years.
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Elscaricity Markets in GEC

Dr. Mattar Al-Neyadi inaugurate the Fourth Regional
Power Trade Forum
A side of the Forum activities



AL ZAYANI: "ELECTRICITY INTERCONNECTION"
ELIMINATED POWER OUTAGES IN THE GULF

COUNTRIES

H.E. Dr. Abdullatif bin
Rashid Al Zayani, the
Secretary General of the
Gulf Cooperation Council
(GCC), constantly follows all
GCC joint working activities
with great interaction,
represented in his interest
in the programs and projects
of the GCC Interconnection
Authority, where he keens

to have the Authority aims
(in providing electrical
power to the GCC countries
with the highest standards
of production efficiency

and balanced services
distribution) achieved.

In the context of his

interest, Dr. Al Zayani met,
last February, Dr. Mattar
Neyadi, Chairman of GCC
Interconnection Authority
and Engineer Ahmed Al
Ibrahim Chief Executive
Officer of the Authority in
his office at the Secretariat
General in Riyadh. During
the meeting, they discussed
the efforts undertaken by
the Authority to enhance
coherence and integration
of the GCC countries in the
field of electric power and
ways to boost cooperation
and coordination between
the Secretariat General of
the Gulf Cooperation Council
and the GCC Interconnection
Authority in the field of
energy saving.

Dr. Mattar Neyadi briefed the
Council Secretary General

on the efforts undertaken by
the Authority in this area and
the ambitious projects being
implemented.

The Cooperation Council
Secretary General praised
the determined efforts made
by the GCC Interconnection
Authority to strengthen its

important and effective role
in serving the GCC countries
development process, noting
the level of services provided
by the Authority and its
contributions to support the
economies of its members
through the electricity supply
services in those countries

in the outages and its role

to provide cutting-edge
knowledge and application
of the best modern
technologies to develop the
electrical power systems
connection and integration in
the GCC countries.

Al Zayani has always
emphasized his optimism
about the GCC joint action at
all levels, especially on the
security and economic areas
in light of GCC steps towards

the great challenges ridden
the region.

He stressed that there is

3 serious desire to raise

the level of coordination,
cooperation and integration
among the GCC countries in
various fields. Embracing
the vision of the Custodian
of the Two Holy Mosques
King Salman bin Abdulaziz,
reflects the interest and
keenness of the GCC

leaders to promote the gulf
countries> cooperation.
With respect to the projects
held under the GCC umbrella,
he pointed that there are
major projects that have been
implemented: Most notably,
the GCC interconnection
project, which dealt with
more than 200 outages in

the GCC countries during the
year 2015. These outages
were unfelt by the citizens in
their homes, hospitals and
businesses, due to getting
the power instantaneously,
in seconds, from another
Gulf States. This contributes
to encourage investment
and to give credibility to the
companies.

His Excellency said that

the GCC Interconnection
Authority is one of the
world's largest 18 companies.
During 2015, the company
has succeeded in saving
more than $ 215 million,
which is due to the leaders>
successfulness in setting up
glant economic projects in
the region.



in Dubal will include two
platforms discussing two
topics pioneers are "reliable
integration in the distribution
of energy networks resources
"and "the flexibility of power
orids."

Chairman of the GCC
Interconnection Authority

Dr. Matar Neyadi said that
the forum attracts more

than 150 participants who

are interested in energy and
VIP representatives from
governments, regulatory
bodies, international
organizations, industry
experts and leading suppliers.
The Forum includes two panel
discussions to address the
Association most important
issues. The Ffirst discussed
the reliability of distributed
energy resources in the
network, while the second
discussed the flexibility of
power grids to accommodate
the latest developments. He
added.

Engineer Ahmed Al Ibrahim,
The Chief Executive Officer

of the GCC Interconnection
Authority, said: "We are
delighted to hold this

forum in the region, which
confirms once again that

the Gulf region is in the
leading position of the global
energy sectors. Participants
were briefed last year about
the Chinese significant
technologies put in use in
many areas of energy. This
year, we will discuss many
successful case studies
particularly with regard to
clean and renewable energy.
We will, also, shed light on
how to increase the reliability
and make electricity available
and affordable. "

"We briefed the participants
of the GCC region experiences
especially in the subject of
renewable energy, considering
the fact that the region
embraces a number of the
most important pioneer
projects in this field. We, also,
underlined several sustainable
and environmentally friendly

projects and solutions.
According to UN statistics,
there are more than 1.4 billion
people - nearly one fifth of
the world's inhabitants are
living without electricity.

In this forum, members of
G015 Association work to
utilize the electricity networks
and facilities and carry out a
study on the progress made
in electricity generation,
distribution and integration of
networks. Members will also
seek to expand partnerships
and exchange of information
and experiences.

For his part, Mr. Daniel
Dobbent, Chairman of

the Board of Eurogrid
International said: "The forum
helped to open ideal channels
for partnerships, new
relationships of cooperation,
accept challenges, and
introduced modern insights
on various topics related to
electricity."

The second forum of the
GO15 Association focused

on "electricity grids and
climate change challenges"
and the Association CEQs'
issued a statement at the

end of the forum about their
commitment to enable the
exchange of the energy

mix while maintaining the
reliability and flexibility of
the electricity network at a
reasonable cost to consumers.
The Forum comes at the time
where the interconnected
power 9grid of the GCC
countries classified as the

sixteenth position worldwide
in terms of size. Large
investments had been put

in the GCC interconnection
network since 2001, and when
it start working in 2009, it
became at the forefront of
the corresponding bodies
worldwide in this sector
because of its ability to
transfer electrical energy
between GCC interconnection
members without passing
through other countries
networks.

Mr. Dobbenti said "GO-15
offers electricity for more
than 3.4 billion consumers
across six continents and

it is responsible for the
integration of 2518 gigawatts
of generating capacity,

21% of it from renewable
energy resources. GO-15 was
established in 2004 after
several power outage all

over the world, in order to
develop joint work plans deal
with improving the energy
security system. In 2009,
GO-15 became an official
Association. "

It is worth mentioning that
GCC interconnection Authority
joined the GO15 Reliable

and Sustainable Power Grid
Association in September
2014.

The aim of joining GO15
Association is to benefit

from the global experience

in the integration of
renewable energy resources
in the international electricity

networks. Through the
development of a future
vision of integrated strategy
on GCC energy production, the
GCC interconnection Authority
seeks to change the pattern
of electricity networks in the
GCC countries to intelligent
networks uses modern
technology.

Joining GO15 Association
will help the Authority to
benefit from the expertise,
researches and partners of a
global reliable entity in the
field of electrical connection,
3as it is a confirmation of

the success of the Gulf
electricity interconnection
and the benefits of all GCC
countries, without exception,
from this interconnection.

In this phase, the Authority
is seeking to use the GCC
interconnection to stimulate
energy trading among
Member countries, and to
establish a trading power
market between them.

This will creates economic
9ain besides supporting

the members in cases of
sudden interruption of
electricity. The Authority is
encouraging its members

to work in this regard as
there is an opportunity to
achieve an economic return
to all parties, also, it has an
environmental aspect through
saving in the fuel amount
instead of burning it while
using the low-efficiency
electric generators. If 3 GCC
country purchases its needs
of electrical energy from

the surplus of another GCC
country instead of producing
it with higher cost, It will lead
to the reduction of operating
expenses, fuel cost, making
economic value added, which
will enable the GCC countries
to direct thelir financial
revenues to areas other

than the area of electricity
generation, as they can buy
electricity from the Gulf
energy market.
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On November 2015, the
Authority hosted the annual
forum for the world's largest
power grid operators GO-15 in
Dubal, United Arab Emirates,
which was held for the Ffirst
time in an Arab country and
lasted for three days. The
conference discussed the
reliable integration of energy
resources and the importance
of flexibility in electrical
systemes. It, also, discussed
the climate change and the
integration of renewable
energy in electricity grids,
automation and intelligent
transformation, for being the
most important platform in

For the first time in the Arab region as a result of joining GCC Interconnection
Authority to GO 15 membership:

Authority hosted the

2nd International
GO15 Forum

the exchange of experiences.
The aim of this forum to
exchange experiences,
access to the world expertise
in the field of electrical
energy production, give
recommendations to push
the global sector forward,
propose mechanisms to
promote and facilitate
energy trade procedures,
discuss ways to overcome
the obstacles that may face it
and accelerate production of
electrical energy worldwide.
The GO -15 International
group is responsible for the
production of 80 % of the

world's electricity production.

ccoal)

This event is held for the Ffirst
time in the Arab and Middle
East countries as a result of
joining Go 15 membership by
GCC Interconnection Authority
in September last year.
Specialize observers in the
energy sector describes that
holding this Global Forum

in Dubali underlines the role
that the GCC countries had

3s international commercial
mass of electricity producer
and in the top position in the
fleld of alternative energy.
The GO15 is a voluntary
initiative of the world's 18
largest Power Grid Operators,
offering senior executives and

experts a platform to address
current and future challenges
in electricity networks. The
event attracted more than
150 world electricity leaders,
including network operators,
government representatives,
regulatory bodies, leaders

of major international
associations, industry experts
and key suppliers of the
electric power and electric
vehicles.

The first forum GO15 Reliable
and Sustainable Power Grid
Association was held last year
in the "Guangzhou" in China
in the tenth anniversary of
the Association. The event



seminar on the most
important topics related

to the strategic planning

for the electricity sector

in the Arab world, entitled
"Balances in the Combination
of Conventional, New and
Renewable Energies in
Electrical Systems". The
conference also includes

an exhibition combines the
largest Arab and foreign
companies in the fields of
equipment manufacture and
implementation of electrical
projects.

He pointed out that energy
mix in the Arab electrical
systems and its integrity
with the current generation
systems and electric grids

is very important with
respect to the technical and
economic views, meets the
growing demand for electric
power, and maintains the
continuity of supply without
outages.

He explained that the growth
rates in the maximum load
in the Arab world are of the
highest in the world, ranging
between 5- 10% annually,
compared with 2 - 2.5%
globally, and the expected
growth rates over the next
ten years will stay around
these rates, which requires
to add new generating
capacities every year to the
currently installed in the Arab
countries. The generating
capacity was about 246
glgawatts at the end of 2014.
The current capacity relies
mainly on fossil fuels (oil,
natural gas), while the
renewable energy constitute
0.7% only from solar & wind
resources and 1% from coal
(used in the Kingdom of
Morocco only), while the
electrical energy generated
by nuclear power is absent.
Regarding the Arab
investment plan for the

next five years (2015- 2020),
which includes adding

new capacity of about

140 gigawatts, Eng. Al-

Kuwari pointed out that

the renewable energy is
expected to contribute in the
energy mix in 2020 by 5.3%,
equivalent to about 20
gigawatts, while the actual
contribution of nuclear
power (Abu Dhabi project in
the United Arab Emirates)

is 1.5% (5600 MW), and the
proportion of coal remain
unchanged.

He said that in order to
discuss this important topic,
and put recommendations
based on science and the
experiences of former
producers, the conference
subject entitled " Balances
in the Combination of
Conventional, New and
Renewable Energies in
Electrical Systems", was
chosen to be the headline for
this conference, and a group
of Arab and foreign experts
were invited to discuss the
importance of diversification
of generating capacity in the
Arab electrical systems, and
to discuss the technical and
economic foundations of this
diversification.

For his part, Dr. Mattar
Neyadi, member of the Arab
Union for Electricity and
Undersecretary of the UAE
Ministry of Energy, pointed
that the Arab demand growth
for electricity makes it
important to benefit from the
latest technologies in this
area. Environmental safety
has become an important
factor in the expansion of the
electricity production plans,
therefore, we must diversify
our energy production
sources and adopting
renewable energy as a main
part of the mix fuel used in
producing energy.

The conference provides a
suitable ground to benefit
from the global ideas in this
field and helps to update

the information, technical &
economic data and statistics
related to Arab electricity
sector that are used by the

specialized institutions and
companies. Moreover, the
conference will contribute to
the exchange of experiences
in developing administration,
operation, maintenance,
human resources and

Arab expertise working in
electricity sector.

Engineer Ahmed All
Al-Ebrahim, the Chief
Executive Officer (CEQ)

of GCC Interconnection
Authority said that the GCC
Interconnection Authority
participate in the conference
to share its outstanding
expertise in connectivity,
and to contribute in the
acceleration of connecting
Arab electricity networks.
The success of the GCC

Interconnection project

s @ motivation for
interconnecting the Arab
countries as an excellent
applicable model.

GCC Interconnection
Authority presented two
working papers at the
conference, the first paper
presented by the Chairman
of the GCC Interconnection
Authority Dr. Mattar Al
Neyadi entitled "Visions

and Challenges in the Power
Sector", while the second
paper presented by Ahmed
lbrahim, Chief Executive 1
Officer of the Authority
entitled" Transferring and
Connecting Laws of Electrical
Systems".



THE FIFTH CONFERENCE OF ELECTRICITY
DISCUSSED THE OPTIMAL FUEL MIX FOR
ARAB ELECTRICITY SYSTEMS

PYO DO 3

Arab Union for Electricity
organized the Fifth General
Conference of AUE in
Marrakech, Morocco, under
the slogan "The balance of
Mix Fuel for Power Systems
between Conventional and
Renewable Resources". The
conference, which is held
every three years, hosted
more than 300 experts and
heads of power companies
and power regulators
companies from more than
30 countries.

In his speech at the
conference inauguration,

H. €. Eng. Essa bin Hilal
Al-Kuwari, president of the
Arab Union for Electricity,
said the founding of the Arab
Union for Electricity in 1987
at the initiative of a number
of Arab electrical institutions
and companies in order to
develop the generating,
transmission and distribution
of electric power in the Arab
world. Moreover, to develop
and coordinate in areas

of cooperation among its

members and enhancing ties
among themselves.
Al-Kuwari declared that the
Union consists of 29 active
members from all Arab
countries and 20 associate
members and two observers
pointing out that the Union
vision was determined

to be: electrical system
sustainable, integrated and
safe in the Arab world. Its
mission is to: share and
develop expertise among

members of Arab Union
and similar international
institutions. Its values are:
collaboration, commitment,
affiliation, flexibility, and
transparency.

The Union has consistently
held its general conference
once every three years,
and that the Fifth General
Conference includes a
meeting for the Board

of Directors, the General
Assembly and a scientific
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Saudi Electricity Company Efforts were successful in reducing the

length for routine maintenance as it reported 1.1% compared to 1.2%.

The Kingdom recorded a maximum Load (peak load) in its
201 5 history, in August 2015 where it reached 59900 megawatts
August loads - The maximum load (peak load) recorded in 2014
amounted to 54113 MW

.:___ .-_.. === E—— i
ey X 5 o — electricity transmission The company has nearly

RO b = station were implemented with 600 thousand kilometers circular of

< converting capabilities amounted transmission and distribution networks, to
to 22686 MVA, in addition to the supply subscribers in 12,815 cities, villages

transmission lines totaling 2864 km and groups of houses.
x\ . circular.

The rate of oil
consumption for power
generation and water
desalination was around
4.2 million barrels of oil
equivalent per day, and
it is expected to increase
to 9.5 million barrels of
oil equivalent per day in
= 2035.
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THE PRODUCTION CAPACITY AND
THE ELECTRICITY GENERATION
IN THE GCC COUNTRIES




Qatar General Electricity & Water
Corporation (KAHRAMAA) aiming
to implement solar projects with
200 MW, in order to generate 2%
of the country's electricity needs
by 2020

@ - Constructing Al @ Bagram Electr:]ctty @ General Master Plan of Electricity
Buhair 220 /66 kV cfjoiylater AUTIDHLY and Water 2015- 2030
transmission station, upg;)a(;ﬂ;\;he 9rid up The Electricity and Water Authority
with a total value of to ’ has signed a contract with
7.3 million BHD, will consulting company by a total
enhance the electrical value of 622 thousand BHD, to
grid in the region, and develop a general master plan for e cmiichiie
will meet the housing ) . future projects for electricity and designed to
project needs, along @ Three main transmission water production and transmission

with the needs of the
surrounding areas.

The project enables the
authority to transfer up
to 48 MVA of electrical
energy with high
quality.

substations at the voltage
of 400 kV in Hidd, Umm Al
Hassam and Riffa were in
construction.

- It is expected to be
completed during
24 months of the
signing of contracts
(about before
the start of the
2016summer)

in the years 2015 to 2030.

249 generators will supply
electricity to subscribers on power
outage Regarding renewable
energy projects and conservation,
on 2014, the Authority received the
bids of Al Dur experimental station
in an area of 12 hectares.

'

produce energy
through two

main resources

, one source by
photovoltaic solar
cells and two wind-
turbines to generate
5 MW of combined
capacity. The two
systems are linked
to 11 kV network. It
is expected to start
trial operation in
December 2015.
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The company executes various projects:

2 9 8 3 Thoamm Expansion of Ras Abu Fontas The construction of a power and
° e o desalination project (a-3) water station in the economic

income for Qatar Electricity and
Water Company in 2015 amount
to QR 2.983 billion compared A project for sodium chloride .
to QR 2.898 billion in 2014, an @ LT el o e Wt o e ZEEEE&?QE&Z"JQ@Z?”
increase of 3%. production of drinking water Lucille

disinfection agent

zone, «Um Alhoul».

14 The company and its subsidiaries
Q R CC MO than Qatar seeks to generate o pecember 2012 Her On 2014, Qatar placed '
N h _ ,
~ 8 600 s of 16%0 of its electricity  Highness Sheikha Mozah  a tender for the
@ y g g 9 ° . s selE Er e bint Nasser opened the construction of solar
. electricity, this production will fl'SQ 2018 e main facility for solar power plant with a
Q to about 11 thousand megawatts in energy tests in Qatar capacity of 1800 MW
the first half of 2018.
WJ
) . e
On 2015, Kingdom of Bahrain 0n 2014

projects worth at a total cost of 1.9 million
._ dinars for the execution of all

1 2 3 3 e inats 66-KV tran.smls.swn civil works related to three
° substations in 66KV substations, included

in the development project

of the 66 kV transmission

@ Al Sahel @ Sharq Al Hidd @SahelAlHidd network, namely: Shamal Al

Buhalr, Hunenly & Salmaniya
Medical Complex where

the Authority will supply Al
Buhair housing project from
the existing network.

implemented electricity 3 An agreement was signed @

Launch a3 number of power
stations, including the
inauguration of Shamal Al

were launched
with a total cost of
Fateh substation 220 kv 11

million

and a total cost

of16 million BHD.
The station contribute
to provide other 66 kV
substations in Juffair




UNITED ARAB EMIRATES

UAE invests 1 2 8 .4

billion dirhams (35
billion dollars) in
nuclear and renewable
energy by 2021, to
diversify its resources
and reduce dependence
on natural gas imports
to generate electricity

An integrated strategy
to meet generating
sustainable resources
requirements and

to reduce costs
through introducing
new generating
resources, preserve the

2021

United Arab Emirates plans to reduce the reliance on
natural gas in generating electricity in order to not
exceed 70% by the year 2021.

By 2020 and 2021, United
Arab Emirates aims to reduce
o its dependence on natural
93as from 100% to 70% gas,
25% nuclear energy, and 5%
renewable energy.

environment «green

resources », most
notably is nuclear
energy through peaceful
nuclear program. These
resources provide 5,400
megawatts of electricity
and upon completion

in 2020, it will provide
between 24 to 25% of
UAE power generation.

3

cee®
™

Emirates continues to E
increase oil production
to 3.5 million barrels per
day by 2017

17

Green resources include solar energy and K
wind projects. Renewable solar energy 1 |![
stations in the United Arab Emirates are the

least expensive in the world.
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Kuwalit

i On March 2015, the Kuwait Institute
for Scientific Research signed the fifth
contract of the first phase of Al shqaya
Renewable Energy initiative in order to
design, construct and operate the First
¢ 10 MW plant for electricity production
using wind power technology.

i 7 million KWD was the

: cost of these contracts
to design, construct and
operate the first plant

i for electricity production
i using wind power

i technology.

Uséng .s°dlar t?igﬁ:%;%?e The project first phase will
anowin energy be completed by 2017
energy to generation

reach 15 technologies,

percent of in three phases,

Kuwaib>s need for the period i Establishment of an integrated

from 2015 and

for energy by 2030, is to meet H complex for power production :
2030. the production i Using renewable energy resources :
capacity of up : technologies. The complex H

............................... SRR ¢ include a mix of renewable

o ¢ energy technologies generates
Al Shqaya complex produce enough electricity : 11099 megawatts of solar thermal

to meet the needs of 30,000 houses in the power and 750 megawatts
first phase and save 12 million barrels of oil i of solar light power and 150
equivalent. It also prevents the emission of megawatts of wind power.

five million tons of carbon dioxide annually

5 Oman

A4

Sour independent gas plant
with a capacity amounting
to 2000 MW is the largest

power plant in the Sultanate - - .
of Oman, representing heavily on compliance with
’

approximately 28% of the health, safety and environment
current combined capacity requirements as well as

of the main electrical reliability in operation
connection system in the

Sultanate

Since its full commercial
operation in December 2014, the
station performed well focusing




¥ Enhancing the energy
security in the Arabian
Gulf is one of the
main goals of the GCC
power interconnection
project; to which
extent was the project
able to achieve this
goal?.
GCC power
interconnection project
is unique in the region,
the project has been
established by the will of
the GCC countries leaders
to find some kind of
electrical integration and
unity in the GCC countries
as o prelude to greater
integration in various
development sectors.
This project is one of
the leading projects in
the Gulf region, and had
3 major role in uniting
power producing in the
Gulf region and uniting
the circulated reservoir.
Since it started in the
operational phase in 2009,
the project dealt with
more than 1,100 power
outages unfelt by the
consumer.
The project boosted the
energy security of the

HE Dr. Mattar Al- Neyadi — Chairman of the Board, GCC In-
terconnection Authority confirmed that the GCC Intercon-
nection enhances energy security in the gulf countries and
it paves the way for electricity market establishment in the
region. He stressed, in dialogue with "Rabet", that raising
the network capacity has become an urgent requirement in
view of the increased local network capacities. Dr. Neyadi,
also, stressed the need to include renewable and nuclear
energy resources to the GCC energy mix pointing to the
ability of GCC countries to manage peaceful nuclear facili-
-ties efficiently and safely. To the text of the dialogue

unification of resources
and the potential benefit
for each member in using
of the reserves of other
GCC countries. This forms
a significant economic
savings and help countries
to reduce the size of their
reserves.

mm The GCC
Interconnection
Authority do great
efforts to activate the
energy trade between
the GCC countries,
what are the recent
updates?

We have now started

the second phase of the

Authority objectives, the

energy trade between GCC

members. The Authority

Board of Directors, with

the recommendation

of the Ministers of the

GCC Power and Water

Cooperation Committee,

approved exempting

GCC members from the

fees of using the GCC

interconnection network
from 2015 and set a fixed
fee for each purchase

estimated at US $ 3,600.

The goal is to promote

trade industry and create
energy trading market
between GCC members,
disseminate the concept
of energy trading in the
region and provide a
suitable environment for
transactions between GCC
countries.
Interconnection concept
helps to integrate and
connect with other
countries outside

GCC countries, both

for regional or nearby
countries, which will add
economic dimension to all
countries by utilizing their
resources and benefit
from the difference in
temperature throughout
the year.

We wish to be successful
and we would like to
praise the efforts of the
GCC leaders to support
this piloneer project and
extending our thanks

to the Authority board
members and all staff
who are considered

3 key element in this
organization and the
essential factor on task
continuity.

GCC POWER
INTERCONNECTION
PROJECT
ENHANCED ENERGY
SECURITY IN THE
GCC COUNTRIES
AND OPENS THE
FIELD OF ENERGY
TRADING.

EXEMPT MEMBERS
FROM FEES OF
USING THE GCC
INTERCONNECTION
NETWORK AND SET
A FIXED FEE FOR
EACH PURCHASE
ESTIMATED AT US $
3,600.




N, In an interview with the «RABIT», Chairman
of the Board of the GCC Interconnection
Authority, Dr. Matar Neyadl confirms:

GCC COUNTRIES
CONTINUING TO
INVEST IN SOLAR
POWER DESPITE
THE DROP IN OIL
PRICES

anbojeiq



outages and to meet the
needs of the electricity
market in the case of
energy trade activation.

m Solar energy projects
stumbled in some Gulf
countries following
the decline in oil
prices in the eighties
and nineties; will it be
offected by the current
decline in oil prices?

Despite of low oil prices,

GCC countries continue to

invest in renewable energy

resources, especially in
the construction of solar
power stations. In January

2015, UAE announced

the second phase of

Mohammed bin Rashid

Al Maktoum Solar Park

with a capacity of 800

megawatts, and by 3

months Mohammed bin

Rashid announced the

third phase of 3 5,000 MW

solar power by 2030.

This proves that low oil

prices will not affect the

establishment of solar
power stations because
the diversification of

energy sources is a

strategic choice of the

Gulf Cooperation Council,

and the drop in oil prices
is a temporary phase and
not a new. The Market
will recover and corrects
itself, and that the global
economy Will recover over
time. We need the long-
term strategic vision and
to be patient.

On the other hand, the
decline in oil prices result
in lower gas prices, which
is the main fuel for power
plants, and it will result in
lower price per kilo watt.

mm Do the GCC countries
have the ability
to safely manage
their future nuclear
reactors?
GCC countries keen to
get the latest safety
technologies related
to the construction of
nuclear reactors. In UAE,
authorized agencies
for nuclear reactors
implementation keen to
benefit from the lessons,
review safety standards
and modified them
according to the lessons
learned from the accidents
in some countries. The
assuring thing is that
GCC countries have more

potential in the planning,
organization and utilizing
the experiences of

other countries, which
makes us assured of

the implementation of
these projects. | like to
reassure our citizens that
all safety standards and
the latest technology
will accompany the
construction of nuclear
reactors in the GCC
countries.

What are your plans
related to the expansion
of power interconnection
outside GCC countries?
Gulf states is part of

the Arab world and the
Interconnection Authority
has been assigned to
establish agreements,
governance systems and
Arab interconnecting
project which will be
implemented under the
supervision of the Arab
League. This project will
be initiated after the
stability of the political
situation in the Arab
world. A memorandum of
understanding to develop
3 general framework for
the establishment of the

INCREASE THE
CAPACITY OF THE GCC
INTERCONNECTION
NETWORK HAS
BECOME AN URGENT
NEED TO PROVIDE
SUPPORT REGARDING
INTERRUPTIONS

AND ACTIVATION OF
ENERGY TRADING.

Arab Common Market

has been approved. This
market will connect the
Gulf and Arabian Peninsula
with Egypt and the
Maghreb countries.

The agreement between
Kingdom of Saudi Arabia
and the Arab Republic

of Egypt is one of the
connecting elements

and there is a connecting
project between Jordan
and Egypt. Integration
opportunities exist and we
wish they will succeed.
According to the study,
Syria will be, through
Turkey, the gate to Europe
after its stability. We are
seeking to have larger
projects.

& \What are the lessons
learned from the
power interconnecting
project in the field of
water interconnection?

There is a difference

between water and

electrical connection;

water cannot be kept for a

long time in pipes without

circulation. When the
project was discussed,

we found that it will be

better to have bilateral
agreement between the
interested countries and
we could have some

kind of participation

in the production of

water through bilateral

agreements.
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B Power prices
Support forms a
challenge facing the
establishment of
energy market, how
can the Authority
overcome this
challenge?
One of the challenges
facing the energy trading
is the support provided
by the GCC countries
to power generating
companies, but the recent
actions redirect the
support to the consumer.
This will have a positive
impact in stimulating the
energy trade between
GCC member and the
establishment of energy
trading market able to
compete in the open
markets. GCC economies
have reached a stage of
maturity and are able to
compete.
Gulf networks enjoy
surplus which enable
them to sell, and they
are not identical in the
peak period. Studies
demonstrated the
existence of some
differences between
them and the peak period
distributed between May
and August which allow
2 margin for sale. The
emergence of renewable
energy and nuclear power
will provide large amount
of energy available for
supply and sale.

mm Since the GCC
countries are
founding partners
and owners of the
power interconnection
project, how will
the power be sold to
them?

GCC Interconnection

Authority is the owner

of the connecting lines.

Unlike the local networks

that have stretching

lines inside the country,
the Authority does not

have power station, but
its role limited only on
transferring loads.
mE |n spite of the
abundance of fossil
energy, GCC countries
are working on the
adoption of renewable
energy within its
energy resources
mixture, what is the
benefit from that?
Each country had specific
privacy determine the
sources of energy it needs,
for example, in countries
that have rivers prefer
hydropower, and countries
with high rates solar
brightness focus on solar
energy. Energy sources
can be diversified in each
country to promote energy
security and providing
different power supplies.
In all GCC countries, Solar
Energy can be used to
cover the demand for
electricity at noon time
wich witness the highest
percentage of electricity
demand due to the need
of air conditioning at that
particular time. In winter,
GCC countries can export
this cheap electricity.
Why do you describe solar

energy as cheap despite
its persistently high cost?
Solar and nuclear

energy are expensive in
establishing its facilities,
but, in the long run, the
generation cost will be
cheaper. In addition

to being clean, solar
energy saves the Gulf oil
treasures, enhances the
export capacity of the
countries and preserves
it for future generations.
Using solar energy helps
to get a regular source in
peak periods.

Regarding prices, there is
3 trend to reduce the cost,
the price of solar systems
fell to competitive limits.
At the end of 2014, UAE
announced lowering the
cost of solar energy to a
competitive level that is
considered the cheapest
in the world, reaching
the value of 5.4 cents

per kilowatt. Egypt, on
the other hand, declared
a record price for wind
power that is 4 cents per
kilowatt .

Advances in technology
will contribute to the
reduction of prices for
solar energy, In UAE, we

started in Dubal in the
year 2014 to introduce
legislation regulating
the placement of solar
panels on houses> roofs
of and connect them to
the grid and how can the
homeowner benefit by
selling the surplus to the
national grid.

xm Did the increasing of
the Authority capacity
become an urgent
need due to the high
volume of loads in
countries and the
continued growth of
demand?

Network specification

of Interconnection

Authority was identified

in the nineties, and

GCC countries power

systems were much

less than the current

time. Because of the

rise, the Authority Board
approved and authorized

3 specialized office to

study and determine the

needed capacity for the

Authority network. There

is agreement that rising

capacity has become an
urgent requirement to
provide support in power



the electricity systems, many of
them deals with smart metering,
but there is no coordinating body to
make decision at the national level.
Smart grid in the United States
divided into two parts, where the
Federal Regulations governing

the bulk of the electricity system,
while the distribution network is
under the supervision of the state
public utilities commission. Local
regulations prevent the motives of
electrical companies from leading
any regional or national effort.
What is smart grid?

Smart Grid is the electrical grid
which uses communication
technologies (smart meters that
run on 3G or SCADA monitoring
systems and many others to

gather information from the points
generating, consumption and
transmission points and then
modifying the work of the network
based on these information. Many
rich information can be collected;
for example: patterns of the
consumer electricity consumption
(homes, laboratories, etc. ),
patterns of generation for power
plants, especially renewable energy
like wind and solar, which are all
fluctuate in the generation rates,
and important information about
network performance. Merging

of grid control method is only a
process automation to improve the
efficiency, reliability and durability
of the generation and transmission
of electricity.

Applying this technique on

the ground requires extensive
modifications to the infrastructure
of the traditional grid. The mission
of the traditional grid, since
invented in the late nineteenth
century, has always been to transmit
electricity toward the consumer
without considering any interactive
with the consumer or transfer
stations. Therefore, smart grid is
called a bi-directional business
style.

Functions and Benefits

Smart 9rid had many benefits,

as modern requirements of
consumption requlation. The
forefront of this benefits is
reliability, flexible topology of the
electrical orid, 900d management

of loads, individuals engagement
3s consumers is an essential part of
the grid, consumer empowerment
of source selection, using more
environmentally friendly energy,
reduce reliance on the generation
of electricity from power plants,
and reduce total outage (blackouts),
increase the grid capacity and its
ability to supply electricity, reduce
the time needed to restore power
failure, and to lower the top of the
loads curve.

These orids have become
indispensable technical option

for all power generators, which
seeks to produce electrical energy
equivalent to the actual demand
without waste. The sources of that
energy include power generators,
generating power in the place of
distribution, renewable energy
sources, and energy storage units.
Operating functions of those
networks had significant additional
benefits to the operations of energy-
saving, such as maintaining the
smart grid process, keeping it free
of damage and attacks, stimulating
consumer participation, providing
adequate storage of quality power,
availability of the power market,
optimal choice of assets, and

the possibility of overcoming the
intermittent generation sources.
Consumer Product

The concept of smart grid links to
several concepts at the heart of its
work mechanisms and its multi-
functions. The work system of it is a
bi-directions in both communication
and flow of energy, or in both
directions at the same time. The
concept includes a number of
characteristics such as interactive
demand, interoperability, and the
consumer producer.

Through interactive demand,
consumer can control his
interactive consumption with the
dynamic price, which changes
every hour, in two ways, either to
curb consumption voluntarily by

a predetermined mechanism, or
through granting a permission to the
smart grid to control the specific
margin of consumption, such as
smart home appliances, rather than
the traditional way which respond
to peak demand with an increase in

production.

In fact, smart grid opens wider
horizons for the exchange of
information and interface control,
through agreed frameworks between
groups of associated electrical
network operators. Responding

to an event, as an increase in the
loads on other network connected,
can be detected and processed in
real time through the monitoring
system of the extended connection
network. Smart software can, also,
find more effective solutions in
response, including avoiding partial
or complete closure of the network.
The consumer producer become

the owner of power generation
source and he is able to sell the
surplus to the public grid. Consumer
producer often have solar panels
and a battery for storing electrical
energy. Regardless of the consumer
Producer motives, selling electric
power in the peak time represents
an opportunity for him to 9ain a
better return on his investment.

The next evolution

Smart grid technology imposes
significant challenges in applying

it 3s a prime option to meet the
growing demand, generation and
consumption. The ultimate goal is to
build a network capable of meeting
the challenges of the twenty-first
century while maintaining the
properties of healthy electric
network. This shows that the
objective of dynamic pricing is to
shift loads from the peak time while
maintaining the total consumption.
This is achieved through putting

a bigger price on peak period and
lower prices in normal times, in
addition to financial incentives to
ensure consumer response. The
system of incentives and financial
rewards of great importance in
changing behavior. It is noted

that low prices alone varied in

its efficiency and it was not great
affect.

Smart software can identify the
package of incentives and consumer
prices for each individual. Also,
some future estimates suggest that
the usefulness of dynamic pricing
will be greater when applying on
smart household appliances and
electrical cars, in particular.

The development is normal and
advanced production, distribution
and generation techniques impose
challenges in applying it, but the
multiple benefits offered make it
worth. Most electrical networks
lifetime in many countries,
especially the developed, is almost
finished. Moreover, the investment
in the renewal of these network

is inevitable, but it would not be
economically feasible, to upgrade
these old network with equipment
that are not compatible with the
smart 9rid, which is moving to
become a zero option for all stations
and power companies around the
world. 23
The addition of another sources
such as solar and wind power to

the grid is an assistant to speed

up the upgrade to smart grid,

and without a smart grid, there

will be a major breakthrough for
these sources to the power grid.
The importance of the smart grid
seems to be its ability to change
the amount of production of these
sources throughout the day and
over the year. Smart software will
be able to reduce the negative
impact of changes and randomness.
The desire of some to switch to
consumer producer by adopting the
generation of electric power from
solar and wind energy will help the
smart orid.

Companies are not expected to

stop using the technology and
programming of smart grids,

it became a reality and of high
operational and economic
feasibility. There are factors that
encourage applying it such as auto-
processing and dynamic pricing,
which leads to improving the
economic feasibility of the network.
The only challenges still facing the
upgrade of the smart grid are the
large volume of data, the complexity
of processing, informational safety,
consumer privacy, and the challenge
of standardization and technical
issues to upgrade the smart grid
from traditional multi-specifications
grid. All these issues can be handled
gradually in order to switch to those
networks that enhance the technical
aspect of operational processes

for the production, generation,
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"TWITTER" ADDS MORE THAN
2,500 MEGAWATT PER HOUR
OF ELECTRICITY DEMAND
ANNUALLY SMART CRID

The Way to More Efficient Energy

Internet, television, and converting medical
records to digital doubled the supply of
electricity in the world three times by the
year 2050

There are 16 programs for Smart Grid
techniques in the United States to be
developed in various organizations for all
States.

Applying this technique on the ground
requires extensive modifications to the
infrastructure of the traditional grid.

These grids have become indispensable
technical option for all power generators,
which seeks to produce electrical energy
equivalent to the actual demand.

Demand for energy with the growing
consumption patterns, requires innovative
options for employment of consumption and
using the principle of rationalization more
efficiently. There are multiple emerging tools
became contemporary needs in everyday
life, such as technical media, computers and
3 lot of electronics that drain more energy. It
has been proven that the use social network
“Twitter”, and the infrastructure it needs

for work, add a demand of more than 2,500
megawatt-hour per year, and that doesn’t
exist five years ago. The consumed energy

In order to develop the consumption  variable pricing policy encourages

is equivalent to the consumption of 825 techniques and promote the consumers to change the time of
houses. Similarly, when we added the use principle of rationalization, using electricity to the times of less
of the Internet, television, video and online the smart grid technique was demand, so that they can use energy
games, and the conversion of medical introduced. The new technology more efficient.
records to digital, there will be a need to determines the times that of the In United States, there are 16
double the supply of electricity in the world customer’s consumption peak, program to develop the smart grid
three times by the year 2050 to meet the allowing electrical companies to technology in various organizations
use different tariffs depending for all States, and more than 100

ing d d.
growtng deman on supply and demand. The public & private projects process



heat energy .

After that, as the above
picture show, this much
of heat and hot dust
will go to what we call
HRSG (Heat Recovery
Steam Generator) which
is responsible to heat
up water container by
chemical process using
the heat energy and

hot dust. The water will
be heated to various
temperature of steam in
the HRSG which is going
to be used to industrial
petrochemical purposes.

Why cogeneration not any
other technology

There are many aspect
where we can compare
and prefer cogeneration
over other conventional
ways of power generation.
In the following lines you
will know some of them.
cut off in operational cost
As the cogeneration use
one source of energy and
produce two productions
which are steam and
power. Therefore, that
will lead to reduction

in kWh costs comparing
to separated generation
methods. Also, since
cogeneration usually
located onsite, so that
will lead on cut off in
losses of transmission
lines that is used in
conventional ways of
generation.

Annual costs can be
predicted

One of the most
important properties of
cogeneration is the end
user can easily predict the
annual cost of the plant.
That can be done by
balancing consumption
of electricity from local
utility versus onsite
cogenerated power based
on cost and efficiency..

INTAKE

COMPRESSION

Air Inlat Combustion Chambers

Cold Saction

Energy Reliability
Cogeneration plants
are located on the site
where the generated
power is used,

Limiting opportunities
for interferences in
transmission and
distribution. Disruption
from weather,

natural disasters,
mechanical failures,
and other troubles are
significantly reduced.
The cogeneration plant
operates in parallel with
your utility; therefore
you’re less susceptible
to power outages. During
power outages, onsite
cogeneration plants
can continue to run and
provide customers with
reliable, high-quality
energy.

Extended Lifespan of
Equipment

CHP plants will reduce
wear and tear on existing
mechanical equipment,
such as boilers, and
extend the operational
life of the equipment.
When a cogeneration
plant is put into service,
existing equipment

is often relegated to
serve as a3 back-up or
supplement to the
cogeneration system -
prolonging its lifespan
by putting less “mileage”
on it.

Environmentally

There are many
environmental benefits
for using CHP or
cogeneration over the

COMBUSTION EXHALIST

Turbine

Hol Section

conventional power
generation ways. In
terms of efficiency,
cogeneration can run at
70- 80% whereas the
conventional ways at only
50%. Also, cogeneration
use clean source of
energy which natural

gas and that will lead

to reduced carbon in
atmosphere as well as
reduction of greenhouses
gases to 30%.

Where can we apply such

technology (Application) :

There many fields
where we can apply
cogeneration technology.
We listed below some
of the most common
examples that will lead
to significant change of
we used cogeneration
to supply it. Changes
will be mainly in power
consumption, efficiency
and environmental
impacts

In industries, such as
rayon, pulp and paper,
chemical processing, and
textile, which require
simultaneous steam and
power, it is possible

to meet either part or
full heat and power
requirements using steam
turbine, gas turbine with
heat recovery boiler.
Cement kilns and

brick kilns require a

large amount of high
temperature process
heat. The gas turbine
exhaust, with or without

supplementary firing,

can supply this heat and
produce electric power
for the factory.

In glass melting furnaces,
heat from the exhaust
gases can be recovered

in waste heat boiler to
produce steam. The steam
can be expanded in steam
turbines to produce
electrical power.

Potentials of
Cogeneration in Kingdom
of Saudi Arabia :

In Kingdom of Saudi
Arabia, we have big
potential to take
benefits of cogeneration.
Specially, we have good
potential of natural

gas and scattered sites
all over the country.

That will lead to

getting the benefits of
cogeneration in terms of
the environment, cost of
energy, efficiency and
energy losses. Also,
since we have many sites
need steam and power
in the same time, so
that, cogeneration will
exactly fit the needed
demand. Actually, first
steps for such good
technology has been
already taken by Saudi
Aramco which started
establishing three power
plant using cogeneration
in Hawalyah, Abgaliq

and Ras Tanura. Saudi
Aramco made a Joint
venture company that
include the Japanese
companies Marubeni and
JGC and Saudi company
Jumaiah. This joint
venture is called PCPC
which is abbreviation

for Power Cogeneration
Plant Company. PCPC is
responsible to builds
those three plants by the
end of 2016.
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COGENERATION
TECHNOLOGY

Eng: Issam al-shehri saudi electricity company

Cogeneration is simply a way of generating power which use one source of

energy for example fuel or gas to produce mainly electricity and hot steam. It

is commonly called CHP which is abbreviation of Combined Heat and Power
worldwide. Therefore, Co- in the beginning of the word to indicate that generating
both Power and Hot Steam. Significantly more efficient than traditional power
generation, cogeneration can dramatically reduce utility costs while providing
numerous benefits to including increased reliability, predictability, and significant
reduction of carbon emissions

How it works ?
Cogeneration principles
can be explained as the
following. First of all,
using the natural gas as
the fuel to produce power
and heat. Then that power
can used to generate
electricity for indusial use
or any other uses such

as resident areas. Also,
that heat or hot steam
can be used in industrial
area instead of getting

rid of it. this hot steam
can be used in many
fields in industry such as
petrochemical plants with
different temperature hot
steam to isolate different
types of petrochemicals.
Waste heat captured

from the cogeneration
system can even be fed
into a device called an
absorption chiller, which
is able to convert the
waste heat into cooling.
This relieves the site’s
other chillers (typically,
electricity-powered) from
having to do so much of
the site’s air conditioning.
In the following lines, we
will get into the detail of
the process and how it
starts and ends.

What its benefits

There are many

benefits for using CHP
or cogeneration to
produce energy and
steam. Benefits include
both indusial usage or
residential. Also, It has
remarkable impact in
cutting governmental
budget that spent

in ensuring power
demands for industrial or
residential uses. In the
following lines , we will
show some of the most
powerful benefits

Cogeneration reduce
consumption of energy
as well as gases of

greenhouses

When one input fuel is
used to produce two
types of outputs (heat and
power), this translates
directly into reduced
energy consumption,
fewer greenhouse gas
emissions and a smaller
carbon footprint than
traditional forms of power
generation .

Provides fuel flexibility
As the natural gas is most
common fuel to operate
the gas turbines which is
going to be responsible
to generate both power
and heat. That will lead to
sustainable and reliable

source of energy as well
as clean energy that will
not affect our enviroment.
Also, many studies
insures that Saudi Arabia
has reliable reserve of
natural gas. Cogeneration
will not be the only
source of electricity but
that will make us more
powerful to provide
diverse sources of energy.
As the diagram above
shows, we have mainly
in any gas turbine (which
is the cogeneration tool)
three important steps that
will lead to understand
the core principle for

any cogent plant. Those
three stages are the
following: Compressor,
Combustion chamber and
Turbine. First of all, the
compressor is responsible
to intake the cold air that
comes from environment
to COMPRESS it up to
certain level of pressure.
After that, we have the
combustion chamber
which responsible to
receive this pressured air
and sparks in that flame
using the fuel (which is
here natural gas). That
will end up with huge
and powerful explosion
which is going to rotate
greatly the axial shaft
centered along the gas
turbine leading to more
fast rotation in the
compressor blades and
so increase the rotation
again more and more in
the Turbine blades. The
rotation of axial shaft
will be converted ( by
the connected generator
to the axial shaft) as
mechanical energy

to electrical energy.
However, back to the
great explosion going

on in the combustion
chamber and from there
to the turbine. This
explosion will cause great
amount of hot dust and
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GCCIA ADDS FREQUENCY CONTROL AT
HVDC STATION

GCCIA's HVDC facility has been upgraded by installing an additional feature for normal spinning reserve sharing
between the two asynchronous control blocks (50 & 60 Hz). This has been incorporated such that its existing
Dynamic Reserve Power Sharing function (DRPS), for stability issues, shall remain fully predominated over

its applications, on the critical incidents. The addition has brought an innovative feature to the GCCIA's HVDC
facility, ever first in the world.

The newly installed function is known as “Frequency Control (FC)”. The function is not only supporting the drop
in frequency due to generation loss, but it also manages the over frequency due to load loss. The activation of
FC has been defined by applying settings of AF and AT.

FC software release was successfully deployed at site on 4th October 2015. Since the installation, there were
more than 40 incidents for which FC has operated to manage the frequency by transferring reserve margin
across the two asynchronous control blocks. Out of these 30 incidents relate to under-frequency where the
deficit side was supported, and there were 10 incidents due to over-frequency activation.

The enhanced design philosophy has brought Saudi Arabia to participate in primary spinning reserve sharing
for normative frequency incidents across the asynchronous control block, quite similar to AC synchronized
power systems. Hence leading GCCIA to the achievement of one of the primary goals of GCC interconnection
i.e., Primary reserve sharing among all MS. These in turn, contributes to savings in cost, by reducing the on-line
generation capacity and rely on combined system reserve.
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KUWAIT IS A PARTNER IN GCC
POWER INTERCONNECTION
PROJECTS AND ITS USE OF
THE PROJECT RESOURCES

IS ACHIEVEMENT OF THE
PROJECT OBJECTIVES

€ng. Mohammad Boushehri,
Undersecretary, Kuwait Ministry
of Electricity and Water said that
Kuwait is a founding partner of
the GCC Power Interconnection
network, and getting assistant
from the project is considered a
success and goals achievement
for the project .

Mr. Boushehri said, “ Power
Interconnection network was
established to support the

GCC countries networks when
needed, and using it during
February 2015 outages makes us
feel that the project achieves its
investment objectives and the
GCC countries are reaping their
investment”.

All GCC countries got support
from the network and all of
them have provided electricity
for the network. This stresses
that the GCC joint project
achieve its objectives and
supports the electricity
systems in the GCC countries,
which makes us proud of our
successful investments in this
pioneer project.

Economic model

Mrt. Boushehri pointed that
civilized people are those

who know how to cooperate
with each other, and the links
between the GCC countries 9o
beyond history and geography
to a common destiny. The GCC
Power Interconnection project
reflects the level of cooperation
and joint work accomplished by
GCC countries. The project has
become a model for success as
a real joint work on the ground.
“Modern countries seek to
pursue their economic model,
which means to benefit from

a partner having abundance

of 3 particular commodity at a
party to another partner having
shortage of it. Therefore, proper
utilization and management of
resources and surpluses to get
the best return.

Global energy market
Boushehri stated that there

is a desire and a common
understanding for the
development of this work to
further development in order to
have exchange of energy trade,
and open other lines to the rest
of the world via Jordan to Turkey
and then to Europe on the one
hand, and on the other hand, to
Egypt and from there to Africa,
stressing that the achievement
of these goals will create a real
leap in optimally utilization

of our resources and reduce
spending on building networks.
Boushehri believes that

the Gulf is qualified to be

a global source of electric
power as it was for decades

the most important fossil
energy resources in the world,
“But this goal is facing a lot

of challenges, mainly the
technical potential, Excellency
in renewable energy production
needs advanced technologies
while we are still “in the Gulf
countries, importers of the
technology. The environmental
issues have become another
important element that

should be considered in the
development of our projects.
Talking about leadership in

the electrical energy requires
to develop our technical
capabilities and environmental
safety plans. “

State of Kuwait

“In the Gulf, we enjoy natural
unique source of solar energy.
Sunshine in the region reach

up to 3000 solar hours per

year while the range in Europe
between 1500 and 1800 hours.
This distinction gives the

GulF a significant comparative
advantage must be exploited,
but this feature is faced
challenges such as high dust
which affects the heat exchange
level.”

“Some of the Gulf countries
have made great strides in
renewable or nuclear energy and
we hope that there will be other
models in the Gulf to employ
nuclear energy for peaceful
uses.” He continued

Vision for the future

He announced that the future
vision for electricity in Kuwait
is that 15 per cent of the total
electric power output will

be produced from renewable
energy by 2030, “We are
working in Kuwalt Institute

for Scientific Research on
experimental project to produce
Up to 2500 MW of electricity.”
Annual increase.

Boushehri explained that the
GCC countries are very close in
the annual growth in demand for
electricity, which ranges from

7 to 10 per cent. However, “but
we, in Kuwait, have achieved

a significant achievement last
year as demand fell from 8 per
cent to 3 per cent, an increase
which is in line with the global
average. This indicates that

the rationalization measures
adopted by Kuwait Electricity
Company in cooperation with
the media achieved their
objectives successfully.”

“But studies are still adopted
an increase between 7 to 10

per cent, according to these
readings the current production
capacity will double from 15,000
megawatts, to 30,000 MW by
2030. Despite the improvement
in the increasing rate of the last
year, but we as officials are still
working to curb the increase

in demand and look to the
sustainability of this decline
with an annual increase ranging
from 3 to 5 per cent to match
the acceptable global rates. “ He
added.



M d Sd ar city is considered a realistic translation
technique of smart cities that run on renewable energy
sources, according to the future lifestyle requirements.
Therefore it is 3 gulf universal model does not target life
with innovative energy systems only but by producing

more power generating systems through constant search

for a better generation, production and distribution

techniques, with its Advanced Research Center aims to

create the best and latest methods of energy consumption

and employ them in favor of sustainable development.

That city, which includes a
joint international platform
aimed to create appropriate
solutions to a number of the
most pressing issues that
affect human Llife in general,
such as energy security,
climate change, and through
Masdar initiative led by the
Abu Dhabi Future Energy
Company (the source), a
subsidiary of Mubadala
development Company
(Mubadala), as well as to
discuss ways to develop the
human experience in the
field of renewable energy and
sustainable development.
The city stretches over an
area of 6 km with a capacity
of 50 thousand people, at a
cost estimated at $ 22 billion.
It will be the home to major
alternative energy companies
in the world.

In Masdar City, 30% of

its volume is allocated to
housing, 24% to business
and research area, 13%

for commercial projects,
including light industry, 6%

for the Masdar Institute of
Science and Technology,
19% for services and
transportation, and 8% for
civil and cultural events.
City goals

The main objective of
“Masdar “ to highlight the
leadership of Abu Dhabi as a
global center for research and
development in renewable
energy technologies, and to
achieve an effective balance
, 3 strong position in the
global energy market, which
continues its development.
Abu Dhabi is working to
strengthen its resources and
its extensive experience in
global energy markets, and
building on the way to future
technologies

Other related goals
represent marketing and
implementation of these
techniques and other
techniques in the areas of
sustainable energy, carbon
management, and water
conservation. “Masdar” plays
a crucial role in improving

the Emirate of Abu Dhabi
from the stage of technology
consumption to production.
This initiative seeks to
establish a new economic
sector based entirely on
these innovative industries
in Abu Dhabi, which

would support economic
diversification, develop

the knowledge-based
sectors, promote the
achievements of Abu Dhabi’s
record on preserving the
environment, and contribute
to the evolution of the global
community.

Preserve the planet

Masdar was established in
2006 as a trading company
aims to develop and expand
all areas of renewable
energy and sustainable
technologies sector, in
addition to specifying a path
to address the challenges

in this area, with its main
objective “green future
without polluting”. The idea
of creating a city came from
the fact that Abu Dhabi owns
8% of the world crude oil
reserves and it owns reserves
of hydrocarbons enough to
continue at current levels

of production for a hundred
years, therefore it allocated
billions of dollars to develop
the project “Masdar” and
consolidate the position of
Abu Dhabi Emirate as a global

center of excellence in the
field of renewable energy and
clean technology.

The city was founded as a
project of renewable and
sustainable energy and to
preserve the planet and to
secure the future of Abu
Dhabi by adding carbon

and water conservation.

Its objective is to provide

3 better life and work with
minimal environmental
damage.

The city constantly patronage
the newest and latest
research and development
projects in the areas of clean
technology, conduct the
pilot projects, technology
tests and construct some of
the newest and sustainable
buildings in the world to
provide a fertile environment
for businesses operating in
this sector and to encourage
creativity.

The city preserves the future
energy through proper
investments in the field of
renewable and sustainable
energy, and it gives the
participating institutions an
unprecedented opportunity
to develop, test and certify
their technology on 3

large scale in a realistic
environment commensurate
with the climatic conditions
and patterns of consumer in
the region.



Targeting the effective balance
in the global energy market that
continues to evolve continually
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well as solar power plant
generation contribute to
about 40%, of the total
consumption of the city.

The buildings contribute to
the conservation of water and
electricity needed for cooling
and energy. These building
are facing the sunshine and
the sunset by a 45 degrees
angle to get the best benefit
of the shadows. All materials
used in the buildings are
environmentally friendly,
such as cement, bricks and
aluminum.

Masdar includes an institute
of science and technology,
and companies working

in the field of sustainable
energy, including The Assam
Energy Development Agency
(AEDA). The International
Renewable Energy Agency:
IRENA is preparing soon to
have its headquarters in
Masdar City.

Combination of times gives
3 unique calm and comfort
atmosphere to the city, and
these smart tricks allow to
reduce the temperature by
about 10 degrees, compared
with outside. In underground,
Masdar provides us an
example of responsibility for
sustainability.

Inside the laboratory,
students and scholars make
research for designing

2 better future, such as
bilo-fuel research, where it

is performed with highly-
developed devices, such

3s @ microscope which is
one of the strongest in the
world that able to reveal the
electron orbit.

Masdar entrepreneurship

to the world shown that
sustainability is a duty and
responsibility of all countries,
especially oll countries, and
Masdar will soon become

an integrated city receives
population and provide them
with all necessary services
such as schools, in order

to develop the high-level
standards regarding a better

future.

Investments in source
Masdar depend on a
comprehensive approach
system; where it comprises
four interconnected tasks
business units; namely “
Masdar for Investment”, “
Masdar for Clean Energy”,

“ Masdar for Private
Enterprise,” and “Masdar
City”; in addition to the
“Masdar Institute,” which

is an independent research-
based postgraduate university
contribute to support the
work of these units and focus
on the company’s research.
Each of Masdar business
units focus on a different side
of the value chain, allowing
the company to work on a
larger scale to keep pace
with the challenges of the
future sustainability. This
comprehensive approach
helps to strength Masdar
status at the forefront of

the ploneers of the global
clean energy sector, as well
as to ensure its objectives
achievement for developing
cost effective innovative
systems & technologies.
“Masdar for Investment”
controls all investments
almed to embody the ideas
of “Masdar” in the field of
renewable energy on the
ground. The company is the
investment arm of the private
property / venture capital
shares, where it works for
“Masdar” and a number of
international investors.
“Masdar for Investment”

runs two investment funds;
“Masdar Fund for Clean
Technologies”, which aims

to invest in promising
technologies in the early
stages and “Masdar-
Deutsche Bank Fund for Clean
Technologies” to invest in the
private property shares.

After five years of active

and direct investments, the
two funds focus on building
investment portfolios

owned by a number of major

international companies
leading the field of clean
and renewable energy
technologies.

“Masdar for Investment”
continues to launch new
funds to accommodate profit
sectors as well as enhanced
the asset-run growth.

Energy and water
consumption

One the advantages of

Lliving in Masdar city is

that it reduces the demand
for water and energy

within buildings by 40%
(according to the standard
of the American Society of
Heating, Refrigerating and
Air-Conditioning Engineers
(ASHRAE) and Istedama)
through a combination of
intelligent and non-intrusive
design. Also, it has the largest
bloc in the world highest
performance buildings that
constitute a real laboratory
to observe and study the
behavior of the cities in

the use and consumption
and share resources. These
buildings maintain at least 3
pearls degrees of “ Istedama
“evaluation system (opposed
to “LEED” gold green building
certification).

Smart grid transfer

The city is convenient

for pedestrians, and
designed to encourage and
assist in providing public
transportation at the rate

of zero-carbon. The options
transportation includes:

3 system of fast private
transport without a driver
from one place to another,
and the second option is
sharing electric vehicles
program. Parking lots
available and in relevant
strategic locations.

Options of future
transportation include
electric buses, and the
development of a central
public transportation network
that is automated and free of
carbon emissions.

Abu Dhabi has reserves
of hydrocarbon enough
to continue at the current
levels of production for a
hundred years

The city maintains future
energy through the
proper investments in
the field of renewable
and sustainable energy

The first zero carbon and
zero waste city and in
the world, it is also the
first fully solar-powered
city

City needs about 200
megawatts of clean
energy but more than
800 MW is needed for a
conventional city of the
same size

“Masdar “ is based

on a comprehensive
approach where the
work comprises four
interconnected tasks
business units.
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Amazing architecture

The city center has moving
gilant umbrellas inspired by
the idea of sunflower, to
shade the squares and public
places in the city center in
the morning and to absorb
the sun heat, then, in the
same evening, the umbrellas
close for the launch of the
heat absorbed.

Through its smart
investments, Masdar
occupies the forefront rank
in providing green footprint
can be adopted by future
cities to accommodate rapid
urban, reduce energy and
water consumption and the
reduction of pollution and
waste.

The city’s design embodies

3 harmonious blend

of traditional arts and
modern technology of Arab
architecture. It also benefit
from the movement of fresh
air to provide a natural
cooler ensuring a relaxed
atmosphere during the high
summer temperatures.
Masdar city benefits from
the sun’s rays as well, where
clean electricity generated
using installed solar panels
technology on the roofs of
buildings. It owns also the
largest PV installations in the
Middle East.

Life on one planet

Masdar City is the first city
free from carbon and waste
in the world, it is also the
first city fully solar-powered.

It comes as a part of a very
promising initiative called
“life on a single planet,”, an
initiative summed up in a
world where people live a
happy and healthy life, and
every individual enjoyed

a fair share of the earth’s
resources, which is achieved
with excellence by Masdar
city.

Masdar City consumes
about 200 megawatts of
clean energy, compared to
more than 800 MW for a
conventional city of the same
size. In addition, it needs
about 8,000 cubic meters of
desalinated water per day,
compared with more than
20,000 cubic meters per day
for a traditional city. The

City contains Electricity-
generating solar powered
plant, and will re-refining
water for irrigation and
agriculture use.

A source from the inside
Living in Masdar is Reality
that might be seen by some
as a fiction movie, where
there is a real car without

3 driver, 3 means to take
passengers from to Masdar
City in Abu Dhabi, which
turned fantasy into reality
and become a model for the
entire world.

From the roofs of the city’s
buildings, Masdar provides
an example of leadership
in the field of sustainable
energy. These panels, as
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on unscheduled imports
of power by Member
States during “frequency
incidents”2 over the
period 2009- 2013.

Based on analysis of
the above data, we found
that the Interconnector
allowed Member States
to avoid 7,359 MWh of
load-shedding due to
unscheduled outages,
over the period 2009 -13.
Applying an assumption
regarding the Value
of Lost Load (VOLL) of
between $3,053 and
$4,001 per megawatt
hour (MWh), which
varies depending on the
year, we estimated the
value of avoided outages
amounts to $28.6

million, or $6 million per
annum.

Since 2009, we
understand that the
Interconnector has not
been used extensively
for the trading of
energy or the sharing of
reserves, and that the
GCC Member States have
not accounted for the
Interconnector in the
planning of

their local power
systems. Hence, we have
not sought to estimate
these historical benefits
directly in this paper.

For instance, we have
examined historical data
on spinning reserves
and found that Member

States have held more
spinning reserves than
required to meet the
GCCIA’s N-1 standard
across the whole GCC
power system.

To help assess the
extent to which Member
States have missed out
on the potential benefits
of reserve sharing, and
thus the quantum of
potential future savings,
we estimated the level
of spinning reserves that
Member States would
have been required to
hold over this period
to comply with GCCIA’s
standards, both in the
interconnected case and
the isolated case.

We found that Member
States would have
saved USS 144 million
per annum if they had
adopted the N-1 standard
in their respective
isolated systems.
Member States would
have saved a further $25
million per annum if
they had only held the
reserves necessary to
meet the N-1 standard
across GCC power system
as a whole, taking into
account the ability to
share spinning reserve
through use of the
Interconnector.

Hence, the value of
$25 million per annum
represents our estimate
of the incremental value
of the Interconnector
through the potential to
share reserves, taking the
N-1 standard as given.
This estimate could,
however, be an over
estimate:

Even if plant
were scheduled and
despatched in a way that
exploited all gains from
trade and reserve sharing
opportunities, there may
be technical reasons why

Member States require
more spinning reserves
than would be necessary
to meet the N-1 standard
in the GCC power system,
such as local grid
constraints; or

In some situations,
a surplus of spinning
reserves may effectively
be provided “for free”
by cogeneration plant
being required to
part-load in order to
meet heat demand for
water desalination.
If this happens to a
greater extent than we
have assumed in our
modelling, we may
have underestimated
the supply of spinning
reserve.

Non-Quantified Benefits

In addition to above
quantified benefits, the
Interconnector provides
other benefits that we
have not estimated in
this study. These include
economies of scale
derived from building
large shared generation
units, better integration
of renewables and
nuclear generation and

reductions in frequency
management costs,
savings in transmission
costs within countries,
and increased scope for
the exchange of energy
with neighbouring
countries outside the
GCC.

Keywords

Below we list keywords
which characterise this
paper:

Capacity-cost,
Emissions, Fuel-cost,
Interconnector, Load-
shedding, Loss-of-Load-
Expectation, Power-trade,
Reliability-standard,
Reserve-margin,
Spinning-reserve,
System-security.



(/2]
0,
D
-
=
=
()
U
Q
©
D
Ill‘
w»

CHALLENGES IN REALISING
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This paper presents
the findings of a study
commissioned by the
Gulf Cooperation Council
Interconnection Authority
(GCCIA) to estimate the
benefits accruing to the
Member States of the
Gulf Cooperation Council
(GCO)1 as a result of the
presence of the GCC
Interconnector.

The GCC Interconnector
delivers a range of
potential benefits to
the electric utilities of
the GCC Member States.
This study estimates the
following categories of
such benefits:

Savings in the amount
of installed generation
capacity each Member
State requires in order to
maintain a given level of
security of supply; and

Reductions in fuel
costs, generation plants’
variable operating and
maintenance (VO&M)
costs, and carbon dioxide
(CO2) emissions due
to more efficient plant
despatch because of:

- Savings from sharing
spinning reserve amongst
Member States; and

- Trade in energy
between Member States.

Estimating the benefits
of the Interconnector
requires that we perform
simulation modelling to
estimate the costs of the
GCC power system:

In 3 scenario
that assumes the
Interconnector is present;
and

A hypothetical
counterfactual
scenario in which the
Interconnector does not
exist

This study estimates
both potential future
benefits of the
Interconnector, and
the benefits that it
has delivered since its
commissioning in 2009.

Future Benefits

We assume that,
in the scenario with
the Interconnector,
that Member States
will make full use of
the Interconnector in
the future, realising
all opportunities for
optimising despatch of
plant across the region
to trade energy and
share spinning reserve to
achieve an N-1standard
across the GCC power
system as a whole.
We also assume that

Member States build no
more generation capacity
than is needed to achieve
the security standard of 5
hours per year expected
loss of load (LOLE).

In the hypothetical
counterfactual, we
assume that each
Member State operates
as an isolated system,
and to make up for
the absence of the
Interconnector, builds
more generation capacity
to meet the same
security standard of
5 hours per year LOLE
and schedules plant
to provide sufficient
spinning reserves to
achieve the same N-1
standard as in the
interconnected case, but
within its own power
system.

Our modelling
estimates that the GCC
Member States can
potentially accrue the
following benefits over
the period 2014 - 2038:

A total saving from
reductions in installed
generation capacity of
5.23 GW, which equates
to total monetary savings
of $5.66 billion (or $0.43
billion per annum);

Savings in fuel and
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VO&M costs of over $27
billion (or $2.07 billion
per annum); and

A reduction in CO2
emissions of 225 million
tonnes.

Historical Benefits

The main benefit
that Member States
have enjoyed since
the introduction of the
Interconnector in 2009
is the ability to import
power at times of system
stress, thereby helping
to avoid system outages.
To assess the extent to
which Member States
have benefited from the
avoidance of outages, we
examined historical data
provided by the GCCIA




GCC Regional Electricity Market.

We would like to explore energy
windows prices and opportunity of
having power trading between the
interconnected electricity networks.
This model used the forecasted
load demand for the interconnected
countries to realize the
opportunities of having power
trading between these countries
based on best energy price and
taking in consideration the limitation
in the interconnection [3].

1.0 INTRODUCTION

Power trading is a new
concept in the GCC countries,
where this industry just
comes into the picture in the
oil Arab Gulf region. After
implementation of the largest
transmission line project
between these six, countries
number of member states is
looking forward to introduce
their national electric
markets. The project build

by a counterpart authority
taking the responsibility and
development of 3 network
interconnecting the between
these six countries.

This interconnection gives
benefits of increasing

the security of electricity
supply, system reliability
and having the support
during the emergency [4,

5]. These benefits were the
main three goals targeted
since signing the general
agreement and Power Energy
Trading Agreement. The fourth
{tem was about utilizing

the network for power
trading. The power trading
not utilized yet between
these six countries as shown
in Flgure 1. The benefits
9ained are to save the cost
in electricity sector by

using the Interconnection to
share the Installed Capacity
Resources. This will provide
to each other the emergency
services in contingencies
and to have a Provision of
Operating Reserve. This will
open the door for Scheduled
Energy trading between the
six member states. Number of
incidents supported through
the GCCIA is more than 1200
incidents.

In this introduction we will
cover different types of
generating technologies;
where the factors drive

the power plant cost;

the financial analysis
methodology and key
assumption; plus estimates of

power plant overall cost.

Generally, the load demand
challenged momently by
generation units meeting
the demand, changes in
customers’ requirements

in business and residential
activities, which interact
with the weather condition.
Stan Kaplan [6] classify

the generation types in his
book into three categories
to meet load demand in the
system, which are the base
load, intermediate load and
peak load generating units.
Adam McHugh [7] classifies
the generation types in his
Technical Paper into four
types as follows:

3) Plants use intermittent
resources like wind and
solar provide a relatively
indeterminate amount of
energy and have zero fuel
costs and so are typically
the lowest Short Run
Marginal Cost plants. This is
particularly likely to be the
case where environmental
and technological regulations
such as renewable energy
certificates, tradable
pollution permits, and/or
carbon taxes are significant.
b) Base load plants have
Low variable costs but high
startup and shutdown costs,
and have a relatively limited
capability to ramp output up
or down to follow load.

¢) Mid-merit or load following
units are normally medium
cost plants both in terms of
variable cost, startup cost
and shutdown cost, and are
quite effective at adjusting
(ramping) output up or down
to cover reasonably rapid
changes in demand.

d) Peaking plants
mostly based on gas turbine
technology. These units are
very effective at following
load and can be started up
and shutdown quickly and
cheaply. However, they are
usually the highest variable
cost plants in a portfolio,

particularly when distillate
used as the fuel input.

These types of generation
usually dispatched to cover
the daily load curve as shown
in Figure 2. One of the major
obstacles may be faced in
the power trading is having
the same load among the six
counties. They have same
peak at the same time due to
the similarity of the weather
condition for the region.

In general, the load patterns
for the interconnected
countries shown in Figure 2
are most similar pattern. The
physical generating units
should be freely participate in
the Electricity Market based
on offered prices submitted
by Generation Companies.
Earlier the generating units
dispatched economically to
meet system load illustrated
in Figure (3).

2.0 Generator Cost Function
and Operating Characteristics
Generating energy for thermal
unit depends on many
parameters, which are as
follow:

1- Heat Rate

2- Capacity

3- Fuel type

4- Generation allocation
5- Variable O&M

6- Fixed O&M

7- Forced Outage

8- Maintenance Rate

9- Start Up Costs

10- Type of generation (Non
Cycling, Must Run)

11- Life cycle of unit

12- Emission Price Units
13- Risk Outage

The machines used in the GCC
countries are combustible
fuel unit types that are using
mainly oil and gas available
in the region.

The key driver for such type
of variable cost generating
units is the efficiency of
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End of 2014, Oman Electricity

Network joined officially the Six

Gulf Council Countries Electricity
Networks through the a backbone

of 400kV super grid network. The
Main driver of load demand in these
countries is the domestic load, where
air-conditioning load comprises the
largest load component, where the
growth in demand in this region is
one of the main driver for the Regional
Electricity Market. These countries
interconnected to share their installed
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capacity and operating reserves, and
increase their system reliability, and
providing emergency support services
all the time. In addition to these
benefits, the GCC interconnected
countries would like to find window of
opportunities to open the gate for the
power energy trading through bilateral
contracts. Many benefits achieved
from this interconnection since it’s
commissioning in 2009, where the
interconnector not utilized for power
trading to initiate a regional power

market only [1].

The GCC countries are depending
mainly on gas and oil in generating
their bulk electrical energy. It is also 3
fact that two of the GCC countries are
fully depending on gas in generating of
power electricity. Two other countries
are depending on gas with minor
dependence on oil while the last two
countries are heavily dependent on oil
in generating the electricity [2].

In this paper, we will estimate a zonal
and mandatory Market Model for the
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Figure 3: Load Curve demand for the GCC countries

contract and international
fuel price respectively.

Bahrain Generation System,
which has Maximum
Capacity 6,316 MW, Minimum
operational cost $50 and
$82.51 per MWh, and
Maximum operational cost
equal to $114 and $179 per
MWh for contracted and
international fuel prices
respectively.

Qatar Generation System,
which has a Maximum
Capacity of 7,100 MW,
Minimum operational cost
$42 and $66 per MWh,

and Maximum operational,
cost $89 and $110.85 per
MWh for the contracted and
international fuel prices.

UAE Abu Dhabi Generation
System, which has Maximum
Capacity 25,080 MW,
Minimum operational cost
$33 and $74 per MWh, and
Maximum operational cost
$88 and $124.5 per MWh

for the contracted and
international fuel prices
respectively.

Oman Generation System,
which has a Maximum
Capacity 8,657 MW, Minimum

-
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Figure 9: GCC Countries REM prices forecasted

in 8 March 2016 at Hour 5.

operational cost $32 and

$39 per MWh, and Maximum
operational, cost $88 and $115
per MWh for the contracted
and international fuel prices.
Figure 8: Incremental Cost
Curves of the GCCIA Countries
(2015) using contracted fuel
prices

The GCC Countries production
cost with Maximum Capacity
0f 138,350 MW. The range of
production cost varied from
member states to another as
shown in Figure (7) and Figure
(8). Table (1) summarized

the production cost using
contracted/shallow prices
and international fuel prices.
There is difference between
member states in in range

of $10 to $100 per MWh. The
capacity available for trading
between member states is
10.5TWh during the year.

The expected saving and
benefits for the traded parties
estimated to be equal to
$105 Million to $1050 Million
yearly for the traded parties.

Table 1: Production Cost using
Contracted and International
fuel prices

The GCC Countries interaction
in case of having a mandatory
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Figure 10: GCC Countries REM prices
forecasted in summer 28 June 2016 at Hour 5.

with zonal prices for the GCC
Regional Electric Market
expresses for different times
as shown in Figures from 9
to M.

The suggested nodes for

the GCC REM model is 13 as
shown in Figures from 9 to
11. The prices is color coded
where below colors shows
low market price and red
color shows high market
price. The flow of energy is
from the high market prices to
the lower market prices.

Kuwalit, KSA, UAE and Oman
shows the highest node
prices in the REM model
presented, where Qatar, and
Bahrain.

9.0 CONCLUSION

The results of estimate

3 zonal and mandatory
Market Model for the

GCC Regional Electricity
Market among the Gulf
countries carried out through
Electricity Market Simulator
shows opportunities in

the suggested model and
presents high economic
benefits from such model
used.

The zone prices at KSA in
south, north affecting the

o

Figure 11: GCC Countries REM prices forecasted
during in 25 March 2016 at Hour 18.

L%

all market zones prices at
KSA. Kuwait and UAE also
have high market zone price.
Qatar and Bahrain has lowest
market zone price. Oman
market zone price has low
price in certain period and
higher market price in another
period.

The production cost
differentials between the
member states creates
opportunities for energy
trading among GCC Countries.
Referring to production,

Costs between Member
States calculated and
presented Table 1 using
Contracted/shallow Prices
and International fuel prices.
There is difference between
member states in in range

of $10 to $100 per MWh. The
capacity available for trading
between member states is
10.5TWh during the year.

The expected saving and
benefits for the traded parties
estimated to be equal to

$105 Million to $1050 Million
yearly for the traded parties.
Generally, proposed zonal and
mandatory Market Model for
the GCC Regional Electricity
Market will provides high
economic benefits for the
GCC countries to yearly Billion
of US dollar.
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Figure 1: Energy Exchanges through GCC Interconnection.

converting fuel to electricity,
and measured by the
machine’s Heat Rate, which
is amount of fuel used in
British Thermal Units (BTU)
required to generate one
Kilowatt-hour of electricity
energy. Many tables used

to convert amount of the
fuel used from one shape to
another. Generator variable
cost is directly proportional
with the machine Heat Rate
where generator efficiency is
inversely proportional with
the machine Heat Rate. The
heat rates shown in equation
(1) are not applicable for the
non-combustible fuel unit
types like nuclear and non-
biomass renewable plants.

Heat Rate = BTUs / kWh (1)
The utilization of generating
unit called the capacity
factor is the ratio of amount
of electrical power produced
during period as shown in
equation (2):

Capacity factor = Generation
capacity (MW) x 8760 Hours
(year) (2)

It is very important to use
the correct units in every
stage of calculating the cost
of generated electricity and
the production cost of the
machine due to different

set of units, which are used,
from the used fuel for power
station until the electricity
generated from generator.
The cost of generation
calculated as shown in
equation (3):

Cost=$ rate per hour x
quantity of hours in operation

(©))

As an example, if the cost of
generating electricity from
rented diesel generator,

quoted at $10 per gallon
of diesel fuel used, and
consumes one 55-gallon (Gal)
barrel of fuel per 1-hour (h)
running period. Therefore,
the rental cost of the diesel
generator for @ 24-h running
period is as follows:
Cost/Hour=$10/g9alx55gal/
barrel+1barrel/hour=$550
Cost=S$ rate per hour x
quantity of hours in operation
=$550/hx24 h of
operation=513200

3.0 Unit Generation Cost
Calculation

From economic point view,
the total cost of production is
consisting of both the fixed
costs and the variable costs.
The fixed cost is consisting
of capital investment, fixed
operation, maintenance,
depreciation costs and
Insurance costs. The variable
costs is consist of fuel costs,
and variable operational

and maintenance costs as
presented by AL-Muhawesh
(2005) [8] using Unit
Generation Cost Components
using Cost-Plus method
shown in Figure 4. The unit
generation cost calculated
by AL-Muhawesh based on
financial analysis of firms,
and economic calculation
based on Cost-Plus contract.
The following equation
derived from Figure 4 for

all units generation cost
components as follows:

Unit Generation Cost = [Fixed
(FC) + Variable (VC)] x Risk
Factor (RF) (4)

Where:-

Fixed Costs = Insurance Costs
(IC) + Depreciation Costs (DC)
+ Capital Inv. Profit. (CIP) +
Fixed O&M Costs (FOMC) (5)
And;
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Figure 2: Utilization of Generation Technology in Daily Load Curve

Variable Costs = Fuel Costs +
Variable O&M Costs (6)

The results form economic
calculation illustrated in
Figure (5). Both variable and
fixed costs are not the same
for the machines, which
present opportunities in
9aining more saving in case
of fuel cost variation in the
fuel markets.

4.0 Average Generation Cost
for CCGT’s and OCGT’s in GCC
In regard calculating
average generation cost

for CCGT’s and OCGT’s in
GCC, the assumptions on
costs and various technical
characteristics to avoid the
inconsistencies between
the size of OCGT and steam
units within CCGT plants for
the new entrant CCGT and
GTs based in the following
method:

. Average capacity of
the gas turbine component
is used in existing CCCT
plants (196.3 MW), based on
the data collected from GCC
Member States.

Calculate the ratio
of steam turbine to gas
turbine capacity implied
by the assumed heat rates
for new entrant CCGT and
OCGCTs, assuming each CCCT
is comprised of two gas
turbines and one steam
turbine;

* Finally, we multiplied the
above ratio by the average
93s turbine capacity and
added this to our OCGT unit
size assumptions, to give an
estimate of the unit size of a
CCGT.

The generation cost
calculated from the given
method illustrates in below

depicts the screening curves
for our new entrant CCGT and
OCCGT plants in GCC region as
shown in Figure (6).

In regard of calculating the
production cost calculation
for the unit generation used
in the GCC countries, the
PROMO and AURORA xmp
v12.0 software used to deal
with high amount of data
used for each generator in all
member states units. The fuel
prices used for calculating the
energy production cost are
the international fuel price
and contracted fuel prices.
These results represents the
supply cost of product or
commodity for the regional
electricity market.

Saudi Arabia production

Cost in 2015 for Generation
System has a Maximum
Capacity of 67,612 MW,
Minimum operational cost
equal to $68 per MWh and
Maximum operational cost
equal to $373 per MWh using
international fuel prices.

The results of production cost
using contracted fuel prices
is lower that the international
fuel prices. This presents
clearly amount of subsidies
in fuel prices at eastern side
of KSA. Most of generation
unit prices at eastern region
of KSA is less than $90 per
MWh. The most expensive
machine reaches to $150 per
MWh.

Kuwait production Cost in
2015 for Generation System
with Maximum Capacity
equal to0 19,729 MW,
Minimum operational cost
equal to $50 and $95.89
per MWh, and Maximum
operational cost equal to
$140 and $281 per MWh for



All kinds of energy are of important
strategic themes and the main
concern of the countries in all parts
of the world because it is related to
life and industrial areas. Kingdom
of Saudi Arabia plays a pivotal

role in the economic development
process; therefore it devoted a great
care and support to the energy
sector, because of its importance

in promoting national economic
growth.

This interest began through

the development of traditional
energy resources, exploration and
production of oil and gas and other
related sectors such as electricity,
water desalination and industry
sector especially petrochemicals,
transportation and other private
sectors.

GCC countries seek to diversify their
energy sources, and make a huge
investment to start developing
alternative, non-traditional and non-
depleted resources such as atomic
and renewable energy sources
include solar, wind and other forms
of renewable energy.

But the high subsidy rates have
created many problems; it has
contributed to the large increase in
domestic energy consumption of all
kinds. It, also, formed a significant
economic burden on the GCC
countries, reaching about 10 per cent
of GDP, depleted more than 20 per
cent of revenue. This subsidy harms
the economies of the GCC countries.
Moreover, due to the products> low
prices, investment in the energy
sector was affected and encourages
wasting and smuggling. Subsidies,
also, limits the incentives for
investment in power efficiency,
public transportation and renewable
energy, besides, it increases
pollution and traffic jams rates.

Energy subsidies in the
world

Energy subsidies cost is
estimated as the difference
between the consumption
price locally and its price
globally. According to the
International Monetary Fund
IMF and International Energy
Agency IEA, the total energy
subsidies for fuel, electricity
and natural 9as is estimated
of about USS 492 billion
worldwide in 2011.

Half of these subsidies or
about USS 250 billion are
for Middle East and North
Africa.

As the demand for energy

is growing at an average
annual rate of 4 percent,

the amount of the annual
increase on the total world
subsidy is expected to reach
USS 20 billion per year.

The International Energy
Agency estimated that the
world's energy subsidy
costs about USS 544

billion in 2012; half of it is
for petroleum derivatives
subsidies.

The Model of Saudi Arabia
As an example on the cost of
energy subsidy, the Kingdom
comes in the world>s second
place in fuel and electricity
subsidies with a total annual
cost of USS 61 billion (USS
46 billion for petroleum
products and USS 15 billion
for fuel in the electricity
sector), natural gas
subsidies were not included.
Government subsidies for
electricity in the Kingdom
hit a record high over

the past three years. It
approached the level of 450
billion riyals. In the past
year only, it was about 150
billion riyals, as a result of
providing fuel oil, petroleum
products and natural 9as

at low prices. The Kingdom
consumes four types of fuel
for electricity generation,
namely: heavy fuel oil,
natural gas, diesel, and
crude oil.

During 2014, domestic
electricity consumption
increased by 11 percent.
That was the highest
growth during the period
from 2006 to 2014,

so we cannot address
electricity subsidy without
referring to the liability

of a citizen and resident

in the rationalization

of consumption. In the
summer, Kingdom of Saudi
Arabia burns a large amount
of oil (about 700,000
barrels per day) to generate
electricity, in order to meet
the growing demand from
the residential sector. This
quantity of oil is equivalent
to the consumed oil by a
regional country like Turkey
with a population of about
75 million.

The negative effects of
energy subsidies

Due to the large increase
in domestic energy
consumption of all types,
Kingdom energy subsidies
has exceeded 9 percent of
GDP, consuming more than
20 percent of government
revenue. In many cases,
subsidy leads to damage
the national economy and
affects the governmenbts
balance of payments.
Moreover, due to the
products> low prices,
investment in the energy
sector was affected and
encourages wasting and
smuggling. Subsidies,
also, Llimits the incentives
for investment in power
efficiency, public
transportation and
renewable energy, besides,
it increases pollution and
traffic jams rates.

Fuel smuggling
Smuggling is one of the
challenges facing the
subsidies of hydrocarbons
fuel as a result of the
difference in fuel prices
between the neighboring
countries, which led to
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Restructuring the Energy Subsidy
1S @ Necessity to the Effictency of
the Economy and to activate the

Electricity Market
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The industrial sector is

one of the vital sectors for
the Kingdom economic
development, providing jobs
and bringing added value.
Saudi petrochemical

continue with subsidies -
(A growing burden on GCC
economies)

GCC paying more than $160
billion on energy
subsidies annually

Opportunity: With lower oil
prices it is easier to deal
with the subsidies

Fundamentals (2): Climate
change

and Paris Agreement
perspective

No more sentiment to fossil
fuels - fuel

subsidies in growing
contradiction to the Paris
agreement

Energy efficiency on the top
of the agenda -

only market prices can
encourage people to

HoN

industry has achieved a
prestigious global ranking
in terms of its capability of
production and expansion
all over the world.

Despite challenges, the

save on energy

Fundamentals (3): Energy
Sector

- Field of Technology
Revolution

Renewable energy can
compete in GCC while

fuels not subsidized (not to
repeat mistakes

done by others where RES
subsidized)

Chances to quickly develop
new market

segments - market of
reserves, demand
response, energy storage
market, distributed

energy markets etc.

Fundamentals (4): Common
GCC

expansion continues in this
sector, including increasing
investments and integration
with the refining industry
and in establishment of
new industries as in Juball

Market - Important decision of
the last GCC Summit

Creating GCC Power Market:
Market can be

created with some subsidies
still in place, but

only on consumer level (to
support families,

low income and vulnerable
sectors)

Only regional market can
develop enough

liquidity to become
competitive and properly
allocate social welfare of GCC
people

Possible Next Steps for GCC
Power Sector ??

& Yanbu industrial cities,
Waad Al Shamal, Ras Al-
Khair mining city and other
economic cities.

The cost of natural gas
subsidies (Sale Gas)

The industrial sector
consumes about 40 percent
of natural 9as as fuel and
feedstock in methanol and
ammonia industries to
produce fertilizer. According
to Saudi Aramco annual
report for 2013, the total
sold quantities of gas was
8.09 trillion BTUs per day at
a3 subsidized price of USS
0.75 per million BTUs.
Therefore, the approximate
cost of subsidies can be
predicted with the adoption
of average global price for
natural gas at USS 10 per
million BTUs, even though,
this price is less than the
price of liquid natural gas
(LNG) in Europe, Japan or
South Korea. Moreover, it is
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3 big problem facing the
subsiding countries and a
lot of money donated to the \
peoples of these countries !
changed to lost money in
smugglers> pockets.
Smuggling is a complex
problem and it is not

easy to solve and, as

3 consequence, some
countries have resorted to
the use of smart cards to pay
money proving the process
electronically to curb
smuggling operations and
reduce wasting subsidies,
which caused huge losses

to the national economy.
Others believe that the
solution lies in raising

prices to be near prices

in neighboring countries

to prevent smuggling and
reduces waste, but at the
same time, citizens must be
compensated in other ways.
The excessive and
unjustified growth in the
petroleum derivatives

serious concern in these

solution by giving these

consumption in subsiding
countries have become a

countries, , so intelligent
subsidies may be the perfect

subsidies to citizens only in consumption of energy
without extravagance or

of fuel and feedstock for
the production of plastic

Industrial sector & Energy materials, chemicals and
Petrochemical industry
contributes significantly industrial sectors.

fertilizers, as well as other

Reforming Subsidies
for Electricity Markets
in the GCC

“Introduction:
The Effect of Subsidies on
Power Trade in GCC”

AHMED AL-EBRAHIM
CHIEF EXECUTIVE OFFICER
(CEO) - GCCIA

QOur Journey Continues
2014 Presented world wide experience

2013 Identified Obstacles facing Power
Trading and way forward

2010 Promoting the idea of power trading
in GCC

Fundamentals (1): Low prices for oil & gas is
3 long-term perspective
Challenge: Limited ability for GCC to
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Covernment Support

Covernment Support
Government support helped
meeting the fast growth and
took several forms
including:

Low or no interest loans
Low fuel prices

High government
consumption tariffs

The Government support
lacks the following:

Clarity of amount and timing
of loans

Direction to intended and
deserving entities

CO2 Emissions

Lack or delay of
Government support
leads to:

Big jumps in tariffs
Lower quality or lack of
service

Challenges

+ Very High Growth Rates
Due to:

* Population growth

* Per capita consumption
increase

+ Economic developments
+ Rigid and low tariffs

+ Low Efficiency

- High Dependence on
government Support

+ Dependence on
Conventional Sources

per Capita in 2008

( tones co2 / Capita)

World USA Europe China

Average Per Capita Electricity Consumption in the GCC States.

KWh/Capita
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Government Support

= Government support helped meeting the fast growth and took several forms
including:
= Low or no interest loans
= Low fuel prices
* High government consumption tariffs
*  The Government support lacks the following:
= Clarity of amount and timing of loans
= Direction to intended and deserving entities
" Lack or delay of Government support leads to:
= Big jumps in tariffs

= Lower quality or lack of service
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less than the Russian natural

gas exported to Germany,
which is USS$12 for a million
BTUs.

Accordingly, the adoption
of USS$10 value as estimated
price for global natural gas
{s very suitable.

The subsidies of natural gas
for petrochemical industry
and fertilizer therefore may
reach about 40 billion Saudi
riyals annually.
Transportation Fuel
Transportation sectons fuel
consumption amounted to
about 850,000 barrels per
day or 25 percent of the
total energy consumption
and about 45 percent of
liquid fuels consumption in
the Kingdom. Consumption
is still rising every year.
Gasoline represents

60 percent of the total
transportation fuel, while
diesel is 30 percent. Jet
fuel and fuel oil for ships
represent the remaining
percentage.

Fuel consumption for ground
transportation is equal to
760 thousand barrels per
day or 89 percent of total
energy consumption in this
sector.

Electricity & Water
Electricity & Water sector

is one of the largest energy
consumers in the Kingdom
by more than 52 percent or
about two million barrels of

oil equivalent per day.
Capacity of generating
electricity had a significant
quantitatively and
qualitatively development
and multiplied, and some
desalination plants were
utilized for this purpose in
the Kingdom.

Residential sector acquires
50 percent of consumption,
18 percent for industrial, 16
percent for commercial and
13 percent for governmental
sector.

Using crude oil (directly
burning) to produce
electricity constitutes

37 percent of electricity
produced.

Gas is also used for the
production of 37 percent,
and diesel is used for the
production of 15 percent,
while the heavy fuel oil is
used to produce the rest of
the needed energy.

The rate of consumed
natural gas is about half the
Kingdom production of gas.
Growth of Energy
Consumption

Although the Kingdom
resources map indicates
that it has the largest proven
reserves of oil equal to a
quarter of global reserves
and occupies the fifth
place in terms of natural
93s reserves, yet it faces
many challenges as a result
of a number of factors and
variables; especially the

Electricity Subsidies in the GCC States

Domestic Liquid Fuel Consumption in KSA

m others

M Electricity

Electricity Tariffs and Cost in KSA

26 Average cost at Shadow Price
25 27.7 H/kWh
Average cost 17

18.2 H/kWh

15 - X Average Tariff

Res. Gov. Com. Ind-1 Ind-s Others

Generation efficiency Improvement

32.20%
29.0%

_Efficiency improvement from 30% to 40% saves 60 TBOE per day
_OECD 40%

2011 2013 2015 2017 2019 2021 2023 2025

Challenges

* Very High Growth Rates Due to:
* Population growth
* Per capita consumption increase
* Economic developments
« Rigid and low tariffs

* Low Efficiency
* High Dependence on government Support

+ Dependence on Conventional Sources



KSA has operated significant
consumer subsidies for some years,
but: No formal process for funding of
the subsidies, though provision through
3 combination of low fuel prices,
subsidised loans, and other credits to
SEC from Govt.

ECRA has no formal role in
determining SEC’s revenue requirement,
s0 scale of subsidies not clear. No
published data on the scale of subsidies
is available, but 2014 SEC accounts
suggest that the average revenue per
kWh sold is around 3.5 US cents.

No recent changes have been noted,
and there is no formal indication of any
proposed changes to this position, but
some commentators suggest that the
pressure from lower global oil prices may
result in a reduction in subsidies

Abu Dhabi has also operated
significant subsidies for certain
categories of consumers for some years,
with:

Government determining the
consumer prices and making up the

revenue shortfall of the distribution

companies, based on RSB input Market
Recent years have seen significant price
developments:
i Opp cost

From January 2015, many categories
of consumer electricity prices increased
significantly.

From August 2015 fuel subsidies
have also been reduced, including for
transport use.

Some estimates suggest the total
cost of electricity subsidies has fallen by
more than 40% .

WHAT ABOUT CONSUMERS?

Policies of providing direct electricity
price subsidies to consumers are
understandable.

These subsidies may be intended
as important elements of social and
industrial policy, and may provide
valuable aid to domestic consumers,
especially vulnerable consumers, aid
small businesses to thrive and grow,
assist industrial development, especially
energy-intensive industries.

Subsidy

price

price

But consumer subsidies are not
the main issue here - though their
reform is desirable. The real issue is
subsidies higher up the supply Chain.

The Electricity Supply Chain

Even in a traditional power sector,
subsidies can have adverse effects on
all parts of the supply chain:

difficulties. Kingdom»s
ability to generate electricity
using crude oil, petroleum
products and natural 9as
exceeded 70 CW, which is
equivalent to the generation
capacity of the major
countries and it is nearly
one third of Indian capacity
and half of the continent of
Africa (about 140 gigawatt).
Improving the performance
of consumption efficiency
Perform efficient
consumption and
rationalization remain the
most important factors
affecting the future of
energy improvement in the
Kingdom and in the world,
and that includes efficiency
in all sectors; transportation,
communication, buildings,

industry, as well as
efficiency in commercial and
residential sectors.

The rationalization of energy
consumption in all sectors
in the Kingdom, leads to
reduced growth in energy
demand over the coming
decades. Experts agree that
the kingdom is capable

of curbing the annual
domestic demand for oil
and gas from the current
from 4.5 percent down to
2.8 percent, if it committed
to the plans of introducing
clean energy such as solar
and wind energy with the
implementation of energy
rationalization program,
which aims to raise energy
efficiency.

These measures can save

about 1.5 - 2.0 million
barrels of oll equivalent per
day in the Kingdom, and
this amount is equivalent
to the quantity needed by
the kingdom to maintain
spare capacity in terms of
oil production, which is
consider a safety valve for
the world oil markets.
The volume of investments
increased in improving
energy efficiency in all
around the world, which
make it a significant
contributor to meet the
growth in energy demand.
Modern technologies
have helped the major
industrialized countries
to consume less oil,

3s oil consumption in

the Organization for

Economic Co-operation

and Development

countries (OCED) in a
continuous decline due to
the improvement in the
efficiency of using vehicles.
Procedures of improving
energy efficiency in 1
Member States resulted

in saving nearly USS 420
billion of oil value between
2005 and 2010.

Despite the increase in oil
consumption in the third
world countries, the share of
oil decreased in the global
fuel mix partially due to the
improvement of efficiency
in transportation sector and
to a large expansion in the
use of renewable energy
and natural gas in power
generation.
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Even in a traditional power sector, subsidies can have adverse effects on all

enin a traditonal po Even on our definition of subsidy, all
parts of the supply chain:

Reforming Subsidies for
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Electricity
Markets in the GCC

Session 2 - Dealing with Fuel Subsidies
Dennis Colenutt
What is a Subsidy?

A subsidy is any Government support
to bring the price of a3 commodity below
its market price.

A recent paper from the Global
Subsidies Initiative defined subsidy
as “any form of preferred treatment
granted to consumers or producers by
a government” (based on the WTO’s
approach).

For the power sector it’s complicated
because:

- Many policy makers consider
fossil fuels even at market prices are
subsidised, because their price does not
capture their external (climate change)
costs; and
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are now paid to cover the extra costs of
nuclear and renewable generation

DEFINING THE PROBLEM

For today, the main issue is
subsidies relative to “market” prices, or
“opportunity cost” (where that is lower
than the market price):

GCC countries are all in situations
with significant levels of subsidy:

The ME and N Africa region account
for around 5.5% of the world’s
population and around 48% of global

six GCC Member States have significant
electricity price subsidies - in some
cases consumer prices had not increased
for many years.

Subsidies account for over 5% of
GDP in most GCC states, and over 10% in
some cases.

AlL MSs face subsidy issues

Oman has operated significant
consumer subsidies for some years, with:

Subsidies provided through low fuel
prices and subsidies in consumer prices
paid for by Govt.

Power sector entities allowed by AER
to recover their full operation costs,
compensated by Govt.

But recent years have seen significant
developments:

Gas prices for generation were
doubled in Jan 2015, with planned annual
indexation.

Some statements by policymakers
suggest changes to consumer tariffs may
cut the cost of subsidies

- Many subsidies in the power sector

urgent need to meet the
development requirements.
Due to the nature of oil
and gas resources, non-
renewable and depleted, it
s necessary to exploit this
fortune optimally in order to
diversify the economic base,
provide sources of income
and achieve sustainable
development.

In recent period, domestic
demand for energy has
risen to unprecedented
levels in the Kingdom and it
became the sixth largest oil
consumers in the world.
The rate of energy
consumption annual
growth in the Kingdom has
exceeded 5 percent, while
the economic growth rate
of 4 percent, and the total

energy subsidies.

energy consumption (refined
products, crude oil, and
natural gas) is approximately
3.8 million barrels of oil
equivalent per day with

the apparent disparity in

the rates of consumption
during the different seasons.
Reports indicate that the
consumption volume will
increase to 8.4 million
barrels if the situation is not
remedied.

This growth is the highest
energy consumption in

the world, with a total per
capita energy consumption
of more than 40 barrels

of oil equivalent annually.
Consumption of energy
concentrated in electricity &
desalination by 52 percent,
transportation by 21 percent

and the industrial sector by
15 percent.

Excessive domestic
consumption of crude oil
and its derivatives leads to
reduce the amount of oil
available for export.
Natural gas also suffers
from the rising of domestic
consumption rate. It is
expected that the domestic
demand for 9as continues
to increase with the
expansion of domestic and
industrial needs, particularly
power generation, water
desalination and industrial
sectors. To cope with the
excessive growth of energy
demand, the kingdom began
to apply strict policies to
reduce wasteful electricity
consumption, including

the application of energy-
efficiency specifications on
high consumption devices
and other initiatives.

There is no doubt that

the Kingdom is one of the
world>s largest sources of
energy, but with this rate of
depletion, wasting process
will be more capable

to diminish the yield of
that energy, because the
continuous increase in

the rates of consumption
threatens oil exports

and forces the country to
consume all its production
within two decades. This
requires more checks to
reduce the waste of energy
and resources.

Rising of domestic energy
consumption causes future
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CCIA Pollution Test Station: ”An Optimizing Tool
For Pollution Site Severity & Selection Of Optimum

Insulators Profile In Eastern KSA”

SUMMARY

With the main aim to increase the
reliability of Gulf Cooperation Council
Interconnection Authority “GCCIA” 400KV
Network, in general, and to improve
External insulation performance in
particular, GCCIA has started off with an
Optimizing Maintenance and Diagnostic
Program targeting the most exposed
OHL to severe environmental conditions
including field investigations, lines
diagnostic and close inspection of
insulators.

The promising first results drove
GCCIA to move one step more and built
the Ffirst “Pilot Pollution Test Station”
located at Al-Fadhili, one among the
most representative of severe service
conditions in Eastern KSA, with the view
to:

+ Estimate the Site Pollution Severity
“SPS”,

+ Characterize the deposit pollution in
terms of Density, Solubility , Conductivity,
sand particle size,

+ Be in a position to accurately assess
under Natural Pollution different insulator

designs as well as Materials and Profiles,
+ Detect in a relatively short testing
period, Material Degradation, unsuitable
shape, Poor design or Improper
manufacturing of insulators and RTV
coatings,

+ Rank by order of merit the preselected
different candidate-insulators,

+ Select the appropriate material and
optimum insulator profile,

+ Alert Maintenance team at each time the
critical pollution level is reached.

+ Optimize lines maintenance program &
Inspection technique based on realistic
field measurements and results,

+ Establish the First Pollution Map of
GCCIA Network...

In this updated paper we present the
preliminary field testing & investigation
results from the last born “ Al-Fadhili
Pilot Pollution Test station” as well as
from preselected existing lines in service,
basic step for realistic Selection and
Dimensioning of the suitable insulator
material and profile in the one hand and
in the other for the establishment of the
first Pollution Map of GCCIA Network .
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Operational Functions of GCCIA
HVDC: Dynamic Reserve Power Share
and Frequency Control

CCCIA (Gulf Cooperation
Council Interconnection
Authority) is the
Transmission System
Operator links the power
grids of GCC countries.
GCCIA operates three back to
back (btb) HVDC converters
each rated 600 MW
connecting the combined
network of the 50 Hz GCCIA
Member States with the 60
Hz Saudi system. The note
explains the key operational
dynamic features of the
HVDC frequency converter
functions, particularly with
regard to slow Frequency
Control (FC) and fast
Dynamic Reserve Power
Share (DRPS). It discusses
the FC augmentation of
DRPS controller for the HVDC
converters and frequency
controller actions and
strategies used for these
applications.

II. HVDC IN GCCIA

CCCIA network
interconnection as present
in Figure 1

I1l. FC OPERATING
PRINCIPLES

The additional requirements
of sharing reserve in a
non-dynamic stability
application, slower
frequency changes due

to relatively smaller

(than DRPS invoking)
generation deficiencies is
implemented. Accordingly,
an augmented frequency
controller has been
designed to work in
conjunction with the

existing DRPS function. This
uses frequency deviation
only rather than the dynamic
frequency change derivative
used by DRPS. FC and

DRPS to function together
and latter has operational
priority.

Basic requirement, any
change in frequency from
nominal (AF) is recorded
and when this Af crosses a
settable threshold (AFf limit),
3 timer (Td) begins as shown
in Figure. For Af remaining
outside the threshold and
expiry of Td, the HVDC pole
is de-blocked with the
deficient end.

This is design to work for
under frequency and also
over frequency same time
prevents mal operation
during electrical fault
condition by introducing
time thresholds.

A frequency guard is a Llimit
at which point the transfer
of power is curtailed to
protect donor side.

FC functionality also

S—

—
———

-

UNITED ARAB

——

SAUDI ARABIA

EMIRATES | OMAN

Starl

measunng i:it

FRESET FREQUENCY

L ' TOLERANCE (FT) =
alL01He
: /
fy [ E/_z:f;
! Tres st ea, (o / &
I e |
= - p——— o e . e =
r7—=1 =T t
SN !
",
‘:Ilj'li.'nil_____:-:"il____:__r:'; _________ (AR
e e I
| | FC dasctientan if
1 I rebuma walkan FT band
7. | and its steady limes
- o wapires ar Op timar
- [ It BEpires
(s figures J & 4)

includes prior EPD cases and
event happened in either
side is covered with unique
limit setting.

The FC/DRPS controller
functions coordinated for (1)
DRPS triggered due to 2nd
event while operating in FC
(2) FC detected but not yet
de-blocked (due to large

Td setting), DRPS detected

thereafter(3) FC and DRPS
occurring at different points
for a single event (4) Second
DRPS event detected on
Side B while FC is active on
Side A

The integration of both DRPS
and FC functional operation
using the same control
system is a unique project of
its kind in the world.



Omexom - an international network
operating across the Power & Grid chain

Omexom is the brand of VINCI Energies dedicated
to Power and Grid solutions. Omexom delivers an
impressive range of business lines and services
to our Power customers around the world: from
generation through to substation, transmission
and distribution infrastructures.

Our unique expertise makes us the preferred
choice for electricity producers, grid operators and
managers, large power equipment managers and
power-intensive industries.

Every day, our 250 Business Units operating in
more than 40 countries with a 12,000-strong
global workforce designs and builds the power
infrastructures of tomorrow, while maintaining and
upgrading those of today.

As an integrator in the energy sector, we support all
our customers with complex project management
and turnkey solutions. We also supply innovative
offerings to manage more  conventional

development and maintenance projects.

S

With its close-knit network of 1,500 business units,
VINCI Energies is now a leading provider of energy
and information technology services in Europe and
throughout the world.

GIS Substatio

A key player on the middle east market

Omexom Saudi has been providing maintenance
services for the Gulf Cooperation Council
Interconnection Authority’s assets for the last 4
years, in all GCC countries.

With dedicated and professional teams maintaining
GCCIA's 400kV substations and overhead lines,
Omexom operates in all the GCC countries and
is expanding into the design and construction of
electrical infrastructure: greenfield, extensions,
deviations and upgrades in the generation,
transmission and distribution fields.

Thanks to the power and skills of the brand
network, Omexom can supply a complete offer on
the Power & Grid Market and follow its customers
all over the world.




OMNEXOMN

POWER & GRID

YOUR PARTNER
FOR WORKS @ MAINTENANCE
IN ELECTRICAL INFRASTRUCTURE

Overhead & undergound
lines, Substations,
Automation, control &
monitoring

In Saudi since 2010

An international key
player

- €2 billion revenue
- 12,000 employees

Generation Transmission Transformation Distribution
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