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CESl is a leading player in engineering, testing and power
systems consulting for the electricity sector worldwide
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All-around support to utilities, governments and manufacturers to
meet the challenge of the energy transition

Planning Study Operational studies Laboratory Design Digital Metering
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Three converging trends are driving the energy transition

A growing share of distributed

amount of data to manage in real energy generators as well as

ensure asset safety
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Electrification

Switching large share of end-use
energy consumption to electricity
allows for smart demand managment
and increases sustainability

Grid security and new technologies
Source: IRENA
Milan - 12/12/2018| 4




Three milestones in the energy transition

1. Development of the new 2. Digital energy full

2. Convergence of power sector and mobility sector

£/MWh energy system development
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In addition, the cost of an IoT sensor dropped 54% in the last 10 years going from 1,30 to
just 0,51 USD. In 2020, the cost will be around 0,4 USD
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Volatility of wind and solar generation creates challenges to the
secure operation of the power system

WIND & SOLAR PV GENERATION VS. DEMAND IN GERMANY
MW, December 2012 on a grid operating at 50 Hertz
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A shift from dispatchable generation to renewables requires new sources of flexibility to
balance renewables volatility
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Increasing RES generation in the italian system will require
additional flexiblity in 9 years

Gross and residual load Italy 2016, MWh Gross and residual load Italy 2025, MWh
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Different sources of flexibility are the key to safely manage the
power system operations
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Different sources of reliability and flexibility can serve different system needs:

* Hourly demand peaks can be met by hydro, demand-side response and dispatch of
battery storage

« Seasonal supply variations can be bridged by varied production of P2X and H2 and
hydro

» Regional supply peaks can be met by higher exports through an interregional
transmission system

Sources can also compete with each other and will require well designed flexibility markets
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Correct dispatchment of different flexibility resources is crucial to
support the system when renewables are low

. Thermal . Nuclear . Hydro . Wind and solar Net transmission flow?® DSR . Battery storage End use demand . P2X and H2

High RES day Low RES day

+ Dec 14" demand higher
than Dec 18", but
existence of higher
renewables result in no
thermal dispatch.
Surplus electricity is
used for P2X and
exports to other
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+ Most constrained hour for
reliability is defined by
very low renewable
output
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100 * Remaining thermal
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system reliability when

renewables are low
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+ Dispatchable resources
all contribute in the

Flexibility resources contribution to ramp most constrained hour
and peak load
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Transmission and distribution networks have to be heavily
developed to exploit RES potential while ensuring security

Global power sector cumulative investment to 2040

TYNDP 2018 project map ' | Cumulative. 2017-40
Trillion dollars (2016)
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In its 2018 TYNDP, entso-E indicated more than 166 transmission and 15 storage
projects and 114 b€ investments to ensure flexibility, sustainability and security to
the EU network

Transmission and distribution infrastructure investments will make up 40% of
the global power sector investments by 2040
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A smarter distribution grid is essential to accomodate and
manage increasing distributed resources

Distribution of power plants by capacity in 2018 and 2050
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European generation mix
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Transition toward a power system with extensive small-scale DERs requires to strengthen and
digitalize distribution networks in order to promptly and seamlessly manage reverse flows
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