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points and their essential characteristics. The
final stage is the planning approval, which
consists of public discussion and the approval
of plans submitted by the TSO that define the
specific routes of the corridors and possible
alternatives.

THE GERMAN NETWORK WILL HAVE TO DEVELOP
ACCORDING TO THE PRINCIPLE OF MAXIMUM
EFFICIENCY AND MINIMAL ENVIRONMENTAL IMPACT

Three separate hvdc
corridors will redefine the
German infrastructural
landscape

CORRIDOR A

Sources:
www.entsoe.eu

The first step in the German strategy is
therefore to define the current scenario so as
to determine as precisely as possible what the
real energy demand will be in Germany over
the next decade. The network will have to
develop according to the principle of maximum
efficiency and minimal environmental impact.
It is necessary, therefore, to realise only those
lines that are deemed necessary to support the
expected energy load.

President Homann, in the above mentioned
conference, said: “Thus far, expansion of
renewable energy generation has been
stimulated by a generous feed-in tariff system
without taking into consideration the effects
on the distribution and transmission grids. In
future, it will be imperative that the pace of
renewable growth matches the expansion of
the networks. Otherwise, the progress made
with regard to renewable generation capacity
will come to nothing as the existing networks
will not be able to take the generated
electricity on board.”

Offshore wind

farms, planned and
operating, with subsea
HVDC cables
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The focus on a proper assessment of the
energy demand was also emphasised in

the interview the Authority gave to EJ:

“The Network Development Planning is a
continuous process done yearly. This allows
the underlying forecasts to adapt to changes
and new facts. The Bundesnetzagentur

only confirms those lines that are essential
and sufficiently robust to confront scenario
changes. Even just a slight change in economic
growth in the underlying assumptions,

with constant demand, would require a
substantial progress of energy efficiency and
energy-saving technologies and applications.
Particularly with regard to mobility and

heat generation, we expect electric power
to replace fossil fuels in order to reduce
greenhouse gas emissions and hence
compensate cuts in other areas.”

Three separate HVDC corridors that will
redefine the German infrastructural landscape
have been approved and confirmed by the
legislature through the Network Development
Plan. “Currently we are now between steps

3 and 4 regarding all three projects”, the
German Authority told EJ. “As of now, none
of the transmission system operators has filed
a proposal for determining the path corridor
pursuant to the Bundesfachplanung. We
expect them to come.”

The harmonization of the German transmission
network in alternating current technology and
the development of projects for innovative
direct current corridors still has many aspects
that must be defined both from the point of
view of technology and design. All this new
technological equipment, of course, first must
go through a series of stringent tests to ensure
absolute reliability and performance even
under electric, mechanical and environmental
“stress” conditions.

Will Germany manage to modernise central
Europe’s transmission network? The ambitious
project of superimposed grids will certainly
provide us with a new model for technological
innovation, but also of innovative management
of transmission and subtransmission networks
that should push EU countries to move
towards for an ever-increasing integration of
European energy policies.
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| FACE TO FACE |

Saudi Arabia:
a soaring plan
for growth

Interview with Ahmed H. Al-Mubarak, Planning Consultant SEC,

and Gianluca Marini, Director Consulting, Solutions & Services Division CESI

THE EXPECTED DEMAND FOR ELECTRICITY IN THE KINGDOM IS LIKELY TO ALMOST TRIPLE IN 2032.
TO MEET A SIGNIFICANT SHARE OF THIS GROWING DEMAND, SAUDI ARABIA IS DETERMINED TO
DIVERSIFY ITS ENERGY SOURCES, REDUCE ITS DEPENDENCE ON HYDROCARBONS AND COMPLETELY
REDEFINE ITS ENERGY MIX. TO GET TO THIS GOAL, RENEWABLE ENERGY IS KEY AND THE KINGDOM
IS READY TO CHANGE ITS ENERGY PROFILE.

Energy Journal

Energy consumption in the Kingdom of
Saudi Arabia is witnessing unprecedented
growth. Data indicate an increasing
demand for industrial consumption, but
also private consumption exceeds every
record in the area. How does the Kingdom
intend to face this growth?

Ahmed H. Al-Mubarak

In Saudi Arabia, the increase in energy
consumption has been driven mainly by rapid
social and economic development. In 2012,
the industry growth was about 7,5%, and
forecast between 2013 and 2017 is about
5,6%. As you stated, residential consumption
registered a boom, also due to growing
population. Moreover, we are the third largest
water consuming country in the world with an
average consumption reaching 280 litres per
day per capita.

The expected demand for electricity in the
Kingdom is likely to almost triple from 45 GW
in 2012 to 120 GW in 2032. Unless alternative
energy sources and energy conservation
measures are implemented, the overall

Ahmed H. Al-Mubarak

Gianluca Marini

demand for fossil fuels is estimated to grow
from 3.4 million barrels oil, equivalent a day to
8 million barrels oil equivalent a day in 2032.
For this reason, the Kingdom is building an
energy program to meet a significant share of
this growing demand.

Saudi Arabia will utilise a balanced mix of
economically feasible and technically practical
atomic and renewable energy in a sustainable
way to generate power that enables
preservation of the Kingdom’s resources of

oil and gas well into the future. This is almost
like a revolution for the country and all the
infrastructural system must rapidly change to
profit by this new situation.
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Gianluca Marini

From my point of view, Saudi Arabia’s energy
strategy is absolutely farsighted: they are
overhauling their energy profile. | have no
doubt they will hit the target.

On the contrary, the abundance of fossil

and renewable energy they possess makes

it unnatural to think about energy saving

or energy efficiency. Even more difficult to

SAUDI ARABIA IS RECOGNISING ITS FUNDAMENTAL

believe that, Saudi Arabia is investing also
in this sector. The measures taken until now
resulted in a household energy saving of up
to 50%. Considering specific environmental
condition in the area, results can be really
significant: air conditioning, for example,
represents the 70% of the energy used by
buildings and accounts for half of the total
electricity consumption in the Kingdom.

In Europe and U.S.A. these are fundamental
themes and both economies developed a well

Saudi Arabia

Electricity demand

45 GW > 2012

120 GW > 2032

Renewables capacity

24 GW > 2020
54 GW > 2032

Solar power capacity

12 MW > 2012
41,000 MW >2034
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POSITION AS A RESPECTED KEY SUPPLIER

OF ENERGY GLOBALLY, WHILE ALSO ENSURING
THE KINGDOM'S LONG-TERM PROSPERITY AND
ENERGY SECURITY

structured energy efficiency policy, defining
challenging target to 2020 and to 2050.
Saudi Arabia will probably soon develop

an efficiency policy, which will be equally

Sources: K.A. CARE
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A revolution is occurring in the energy
sector and the geopolitical scenario is
deeply changing. We could talk about

the shale gas revolution in the US, China
solar panel exports or the new entrance
as market competitors of countries such
as Brazil, India, Africa. How do you expect
Saudi Arabia’s and the Middle East’s role
to change in this context?

L

A. H. Al-Mubarak

Saudi Arabia is determined to diversify its

energy sources and reduce its dependence on
hydrocarbons. The Kingdom output capacity

is today about 12.5 million barrels a day, but
domestic oil consumption is rising quickly and
may start to cut into the amount of energy
available for export. That's why renewable energy
is absolutely necessary for Saudi Arabia which
plans to redefine its energy mix totally. We aim
to install 24 GW of renewable power capacity in
2020, but the final target is 54 GW in 2032.
Following this road map Saudi Arabia will
become the world’s main producer of
renewable electricity. Our solar power capacity,
today, is 12 MW. But we are working for a
huge jump forward: the country has plans to
install 41,000 MW of solar power capacity
generation over the next 20 years.

In so doing, Saudi Arabia is recognising its
fundamental position as a respected key
supplier of energy globally, while also ensuring
the long term prosperity and energy security
of the Kingdom. We have long term strategic
plans on renewable energy. We think the
Kingdom could also soon become solar
electricity exporter to Europe via North Africa

and Italy or Spain. The potential is about
export up to 10 GW.

G. Marini

There are important economic reasons for

this strategic choice: nowadays solar is a very
cheap source of electricity.

First of all, prices for silicon based solar modules
have fallen from 3,5 $ to less than 80 cents

per watt, last year. For a country that currently
burns oil that it could export, switching crude
from the domestic market to the export market
would increase potential Saudi export revenue.
Acting as an electricity exporter toward Europe
is certainly an ambitious plan. The link is
technically feasible, financing is available, but
hitting the target is surely difficult.

The Saudi Arabia project is just one of the
several initiatives promoted from different
actors having the Mediterranean area as
central focus: we could talk about Desertec
(in which CESl is directly involved), Res4Med,
Medgrid and many others. They all mean

to interconnect North Africa, Middle East
and Europe, thus underlining the strategic
importance of this area.

THE KINGDOM CAN BECOME AN EXPORTER

OF SOLAR-GENERATED ELECTRICITY TO EUROPE VIA

NORTH AFRICA AND ITALY OR SPAIN

EJ

Totally reshaping the energy system

will require big changes in infrastructures,
what are the strategic objectives in

this area?
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A. H. Al-Mubarak

In 2008, we promoted a 10 year investment
plan for electricity infrastructure (2008 —
2018); the plan led to significant activity in the
energy sector. We are now going far beyond:
another 30 GW will be added to the currently
estimated capacity by the 2020.

This unprecedented and rapid growth in
renewables has to be correctly managed. There
are different orders of problems. First of all

we need to hugely empower the Kingdom’s
electricity grid, by building new smart grid and
HVDC grid. Then we must provide the system
with advanced measurement technology

for forecasting weather and for monitoring
energy transmission. Government spending

in infrastructure projects is set to touch 266
billion in 2013. Public spending is set to
increase by 15 percent from 2012

THERE ARE MANY ADVANTAGES TO
INTERCONNECTING ELECTRIC POWER GRIDS

OF SEVERAL COUNTRIES. THAT'S WHY SAUDI
ARABIA HAS ALREADY SIGNED VERY IMPORTANT
AGREEMENTS WITH OTHER STATES IN THE REGION

G. Marini

The main goal is certainly the modernisation of
transmission and distribution grid, which must
achieve higher efficiency standards.

CESI supports the Electricity and Co-
Generation Regulatory Authority (ECRA) in
shaping and developing a strategic plan for
introducing smart grids in the country.

The plan previews 3 different operating levels:
introducing renewable power generation,
building up grid reliability and service
performances, developing demand-side
management policy and energy efficiency
policy. CESI is working with SEC to develop
detailed technical specifications for a High
Voltage Direct Current (HVDC) power
transmission interconnector between Riyadh
and Jeddah covering the central and western
regions in the Kingdom of Saudi Arabia.

The new 800 km HDVC link will not only
increase the power generation capacity of

local networks and improve the reliability

of energy transmission, but also provide a
reliable back up energy supply in emergency
situations.

EJ

Saudi Arabia has a leading role in

the Middle East. The revolution you
are undertaking will certainly have
consequences on other countries in the
Middle East. Will your Renewables plan
involve them directly?

A. H. Al-Mubarak

There are multiple advantages to be gained
from interconnecting the electric power grids
of several countries.

That's why Saudi Arabia has already signed
very important agreements with other
countries in the area. The newest is the
partnership with Egypt. As you may know,
these two countries produce about 92% from
the power energy produced in the rest of
Arab countries. The agreement concerns the
linkage of the two national electricity grids; the
project will allow power trading between the
two countries. We will share the cost of the
3,000 megawatt HVDC interconnection which
includes a20 km undersea transmission cable.
The linkage is expected to take 24-30 months
to complete. The project will effectively lead to
linking the power grids of 14 Arab countries
including the six member of Gulf Cooperation
Council. The project is to be finalized by 2017

G. Marini

Egypt is part of another important project
connecting all 20 members of the Arab
League. CESI Middle East has been selected

by the Arab Fund for Economic and Social
Development (AFESD) to undertake a feasibility
study to determine the best options for
electrical and gas interconnections scenario

to create a single energy market for 20 Arab
countries by 2030.

The main purpose of the AFESD project is

to establish a strategy and master plan for
further developments in the trade of electricity
and gas among the Arab countries and to
determine the trade offs between export of
electricity and or natural gas.

< BACK TO CONTENTS
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| IDEAS & VISION |

Protecting
centuries
of history

Paolo Stigliano, Head of Structural & Civil Engineering
CESI-ISMES Engineering & Environment Division

To the left:
the Leaning
Tower of Pisa

ITALY POSSESSES AN ARTISTIC AND CULTURAL HERITAGE OF ABSOLUTE
PREEMINENCE IN THE WORLD. UNFORTUNATELY, BY ITS VERY NATURE, THIS

HERITAGE INEVITABLY DETERIORATES WITH THE PASSING OF TIME.
CONTINUOUS MONITORING SYSTEMS ARE THE MOST EFFECTIVE SOLUTIONS TO
ENSURE PRESERVATION OF SUCH AN INVALUABLE HERITAGE.

[taly has more UNESCO World Heritage sites
than any other country in the world (49 of the

981 sites are in Italy). Paradoxically, however, it
is the abundance of this heritage, the fact that
is so widespread and not only in the famous
cities of art but also in the small provincial
towns, that there is the risk of losing the
perception of its uniqueness and value.

This priceless heritage bestows upon Italy

very important direct and indirect economic
benefits. But it is a heritage that is literally
crumbling before the eyes of its admirers. Time
coupled with the acid rain, wind, and pollution
lead to its increasingly rapid deterioration.

It is possible to intervene, but to do so
effectively while protecting the artistic and
historic value of the works one must, as much
as possible, respect the intrinsic characteristics
of the sites subject to an intervention. For

this reason, it is crucial to have a thorough
knowledge of each element. Technology, often
borrowed from totally different areas, can
come to the rescue.

RESTORATION IS A COMPLEX SET OF
INTELLECTUAL, CREATIVE AND TECHNICAL SKILLS
THAT ARE DESIGNED TO ENSURE THE SURVIVAL
OF HISTORIC BUILDINGS

What does it mean “to restore”
a work of art?

The Venice Charter of 1964 defined
architectural restoration and the restoration of
monuments as the conservation of “historic
and formal values of the monument” in

the “respect of the antique substances and
authentic documentation.”
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stopping the structural decay and coping

with the seismic risk. Some of the techniques
used are derived from those experimented on
reinforced concrete buildings — for example for
the control of dams, rock masses and tunnels
— while others are the result of independent
research and development.

The analysis of the structural behaviour takes

place in two stages:

a) an exploratory phase, aimed reconstructing
the history of the building and the
techniques used in its construction,

b) a diagnostic phase to determine the
characteristics of the foundations, the state
of preservation of the building, the static
scheme, and the strength and durability of
the materials.

In the first phase the restoration team collects
documentary material and makes direct
observations with the geometric survey of the

technologies, with a survey of the state of
conservation. At the end of the first phase it
is already possible to characterize the static
behaviour of the building and to set up a test
to access the stability.

This framework is further examined in the

second phase, which looks at the diagnostics.

To better understand the technology used

in the construction and the geometry of the
parts that cannot be directly inspected — for
example the foundations — one makes use of
drilling, exploration probes, radar, and sonic
surveys. Sclerometer tests as well as chemical
and mineral-petrographic analysis are instead
used to assess the state of conservation of
the material.

Monitoring: before, during and
after restoration

From the left:

Arch of Constantine in
Rome and a cave church
in Cappadocia

building. The monitoring phase merits special attention.

From the top:

San Marco Basilica in
Venice, Santa Maria del
Fiore in Florence and
the Last Supper in Santa
Maria delle Grazie in
Milan.

Restoration is therefore a complex set of
intellectual, creative and technical skills that
are designed to ensure the survival of historic
buildings, rescuing them from the threats of
aging and aggressive agents, possibly bringing
them back to their former splendor to preserve
for posterity a history and culture (technology,
manufacturing, scientific) that is slipping away.

This is a specialized field that requires a

host of skills and experts. To develop and
execute a restoration project one must have
architects, geologists, engineers and chemists,
but also archeologists, restoration historians,

TO DISPEL ANY DOUBT ABOUT THE STRUCTURAL
STABILITY OF OLD BUILDINGS, TECHNIQUES HAVE BEEN
DEVELOPED FOR SPECIFIC INVESTIGATIONS AIMED AT
THESE TWO MAIN REQUIREMENTS STOPPING THE
STRUCTURAL DECAY AND COPING WITH THE SEISMICRISK

petrographers, seismologists and structural
engineers as well as a whole series of technical
specialists that are necessary to implement

a variety of techniques and technologies

that though developed for other fields

and purposes give fundamental support to
maintaining and restoring monuments.

Ensuring the soundness of the structure

The first and most important aspect that
should be taken into consideration when
starting a restoration project is the structural
stability of the building.

For old buildings, particularly ancient ones, it
is natural to wonder whether their structural
stability has eroded with the passage of time.
To dispel any doubt on this point, techniques
have been developed for specific investigations
aimed at these two main requirements:

The experts proceed with the adjustments
made to the structural schematics, with
the analysis of materials and construction

This term refers to a series of interventions
that enable you to understand the structural
behaviour of the structure being examined.

| ISMES-CESI, the value of experience |

For ISMES, CESI’s Division
specialized in civil structures
and environmental
monitoring, the protection
of cultural heritage is one
of its most passionate
assignments. It's a love and
passion story that begins in
the 1950s, with a speech
at the Mole Antonelliana in
Turin, and in the decades
since has meant installing
and maintaining monitoring
systems to protect some of
the most important Italian
and international sites.
Among these it is worth
mentioning Leonardo da
Vinci's Last Supper in Santa
Maria delle Grazie in Milan,
the San Marco Basilica and
Santo Stefano bell tower

in Venice, Santa Maria del
Fiore and bell tower of

Badia Fiorentina in Florence,

the Temple of Romulus and
the Arch of Constantine

in Rome, the cathedrals of
Milan and Orvieto, the San
Francesco church and La
Verna Sanctuary in Arezzo,
the Leaning Tower of Pisa,
the Sant'Eustorgio Cloisters
in Milan, the cathedral

and towers of Pavia, the
monastic complex of San
Fruttuoso in Camogli, the
Catullo caves in Sirmione,
the Latomie of Syracuse,
the Luxor temple in

Egypt, cave churches in
Cappadocia, the cathedral
and the National Palace of
Mexico City.

Below:

Mole Antonelliana in Turin




| ISMES-CESI approach to monitoring |

In carrying out the
monitoring of structural
works, ISMES-CESI applies
a “distributed” model.

A central control unit is
connected to peripheral

units that govern the
individual sensors used to
measure the variables being
monitored.

Compared with centralized
systems, distributed systems
provide better measurement

o forecast the possibility
that new cracks will
emerge in the structure

The structural monitoring in the absence of moves

system may be associated to rehabilitate and

with a numerical control reinforce it,

model. verify the structural safety

In particular, the analysis of the structure during

of numerical models are the execution of the

used to: restoration work,

e check the static condition ¢ calculate the stress of
of the structure and its the structure after the
foundation, restoration is completed.

accuracy, improved signal/
noise ratio and a significant
reduction of costs.

The monitoring begins before the intervention
phase, continues during the consolidation of
the structure — to allow one to work safely —
and it is vital that it continues once the project
is finished.

CONTINUOUS MONITORING OF THE CHANGES
THAT OCCUR OVER TIME TO AN ARCHITECTURAL
STRUCTURE, OR ART WORK, IS KEY TO PREVENT
CRITICAL PROBLEMS

From the left:
the cathedrals of Milan
and Mexico City

The monitoring systems installed on the
structures typically find static characteristics:
absolute repositioning, changes in the size of
cracks, changes in the state of stress in the
main structural elements effect characteristics,
changes in temperature, wind load, and yielding
of the foundation cause characteristics.

To check the quality of the interventions
and strengthen the structure, some of the

Below:
the Luxor temple in Egypt

characterization tests performed during

the surveys are repeated. Finally, after the
intervention tests it is always advisable to
check the most important variables of the
static structure.

The monitoring system installed at the time of
the initial survey, and later adjusted to check
the interventions made during the restoration,
can again be modified and simplified for the
periodic testing of the structural behaviour.

Keeping under observation, through
monitoring , the changes that occur over
time to an architectural structure or art work
is paramount to prevent critical problems
and intervene in a timely manner should
they occur.

The professionalism, experience and advanced
techniques we have today are a key tool for
protecting the priceless artistic and cultural
heritage that humanity has expressed over
the millennia.

| REVIEW |
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Truths we must tell ourselves
to manage climate change

Robert Socolow, Vanderbilt Law Review

The earth revolves around

the sun. Man descended from
monkeys. These two truths,
which are at the foundation of
modern scientific knowledge,
appear so obvious that it is
difficult to understand the
radical nature of the ostracism
they were subjected to when
they were first presented.

Yet, says Robert Socolow,
professor of mechanical and
aerospace engineering at
Princeton University, in his
paper “Truths We Must Tell
Ourselves to Manage Climate
Change,” we are not so
different and the resistance
today that opposes truths that
are just as uncomfortable — but
equally evident in the eyes of
the scientific community — is
just as strong. What we are
unable to accept is that as
humans we can really affect
and change the planet’s
equilibrium. The truth that we
do not want to hear is above
all that climate change is due
to human activity.

SOCOLOW CONFRONTS TECHNICAL-SCIENTIFIC
ISSUES AS WELL AS PHILOSOPHICAL AND MORAL
QUESTIONS

This inability to accept an
obvious truth — which is
backed by scientific evidence
accepted by the overwhelming
majority of scientists — makes it
extremely difficult to publicize
climate change, talk about the
topic and all its implications

and develop strategies to
address the challenge it
presents. This has nothing to
do with the complexity of the
issue, says Socolow, and it is
rather a question of approach.
For this reason, the goal that
climatologists must set is to
renew the way they have so
far addressed the issue publicly
and start over from the
beginning using new methods.

Hitting the “restart button”
is indeed the goal Socolow
sets for himself in this short
essay in which he is mainly
addressing his colleagues and
urging them to “tell the truth
to confront climate change.”

With an enjoyable writing
style that is coupled with

rigid clarity in thought and
language, Socolow approaches
technical-scientific issues —
supply and demand of energy,
population growth, nuclear
power, geoengineering,

CCS, emissions — as well as
philosophical and moral
questions. At the same time
he invites us to reflect on the
theme of “planetary identity”
or membership of the planet.
The idea is to move above and
beyond all borders and every
“tribal conception.”

And that is not all. Socolow’s
jab goes so far as to call for

a new academic discipline —
“Destiny Studies” or the art
and science of looking ahead.
While in every other field of
knowledge we have made
tremendous progress, we
cannot say the same about

the art and science of looking
ahead, says the Princeton
University professor. This is not
about predicting the future,
but instead is about being able
“to deal adequately with the
values at stake in decisions
with long time horizons, of
which climate change is just
one example.”
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| NEWS & EVENTS |

WIN Electrotech Exibition 2014

Date > 19" - 22" of March 2014
Venue > Istanbul, Turkey
http://www.win-fair.com/en/electrotech.html

CESI participated at the World of Industry WIN Electrotech
Exhibition 2014. A choice that confirms its strong commitment
in the Eurasian regional electricity market.

LatAm-Europe: National Experiences,
Common Languages and Future Trends

Date > 9™ - 11" of April 2014
Venue > Rio de Janeiro, Brazil

CESI has been invited to hold a speech during “LatAm-
Europe: National Experiences, Common Languages and
Future Trends”, an International Workshop organized by
ABRADEE, the Italian Ministry of External Affairs and Enel

Foundation for sharing regulatory practices and perspectives.

AEIT Workshop

Date > 29" of May 2014
Venue > Milan, Italy
http://Awww.aeit.it/r01.5/cale01.php

CESl's Auditorium in Milan will host the AEIT workshop on
HVDC. Founded in 1897, AEIT is one of the oldest italian
association of companies operating in electricity and
electronic sectors.
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Shaping a Better Energy Future

CESl is a leading global technical consulting and engineering company with over 50 years experience in several
areas including: Transmission and Interconnections, Smart Grids, Power Distribution, Renewables, Testing,
Certification and Quality Assurance. CESI also develops and manufactures advanced multi junction photovoltaic
solar cells for both space and terrestrial (HCPV) applications.

With an annual turnover of more than €120 million, CESI operates in more than 40 countries around the world,
with a total network of 1,000 professionals. The company’s key clients include Governmental Institutions,
Regulatory Authorities, major Utilities, Transmission System Operators (TSOs), Distribution System Operators
(DSOs), Power Generation companies, Manufacturers, Financial institutions and International electromechanical
and electronic manufacturers. CESl is a fully independent joint-stock company with main premises located in
Milan, Berlin, Mannheim, Dubai and Rio de Janeiro.

Www.cesi.it
Milan e Berlin ¢ Mannheim e Dubai e Rio de Janeiro

CESI

Trust the Power of Experience

Testing ¢ Consulting ® Engineering ¢ Environment




