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Global warming projections for 2100
Emissions and expected warming based on pledges and current policies
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The Problem

If the world was carbon neutral by:

® 2047: we have a 66% chance of limiting warming to 1.5°C

66% chance

® 2058: we have a 50% chance of limiting warming to 1.5°C

50% chance

Source: UN’s 1.5 C special climate report



The Problem and where Europe Stands
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Installation of renewable
energy sources

New role for the
consumers

Decentralization
T
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Democratization




I Coal-free

B Phase-out decided

B Phase-out under discussion

M Phase-out discussion yet to star

Decarbonization (1/2)
of the energy system

Source: The European Power Sector in 2019, European
Power Sector Up-to-Date Analysis on the Electricity
Transition ( March 2020), Agora Energiewende &Sandbag



ELECTRICITY FROM RENEWABLES

Is Now Cheaper than Ever

Over the last decade, renewable energy technologies have become cost-competitive with fossil fuels.

What's driving this change? " gpmcy
As rising production and innovation in E%] §
renewables increases their efficiency,
the cost of production falls. Solar Gas Solar Thermal Onshore
Photovoltaic Peaker Plants Tower Wind
(RENEWABLE
® ® €
Nuclear Coal Gas Combined Geothermal

New solar PV farms are now the Plants
cheapest sources of electricity

$275 These figures represent the
minimum price at which the
Peaker gas power plants energy provider must sell
only run during periods of

high demand and are more eloct‘rici'ty in order to recover
expensive as a result. the lifetime costs of a new
power plant, also known as
the levelized costs of energy.
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Source: Lazard Levelized Cost of Energy Analysis, Version 14.0 @



Sharing economy model & adoption of ICTs
technologies, such as loT, Al, 5G — the new
‘engine’ of the 4th Industrial Revolution
D GNP
The use of big data and advanced analytics — systems will become

more connected and operators will have a better understanding of
both supply and demand in real-time.

The number of connected IoT devices integrating
Artificial Intelligence is forecast to grow from 22
billion in 2018 to over 38 billion by 2025
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The evolving energy landscape demands confidence

Volume

Data at Scale

Terabytes of records
Tables
Figures

Velocity

Data in motion
Real/near-real
Streams
Processes

T~

Variety Veracity
Data in many forms Data in many forms
Structured Authenticity
Unstructured Origin reputation
Multi-factor Accountability

Dynamic Availability

Trustworthiness




Decentralization (1/5)

Makes customers active elements of the
system.

Transform energy into a multi-directional,
multi-lane highway.
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Economic and technical advantages among with
carbon emissions reduction.
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Growing Responsibilities of Operators

Before Current challenges

From a supplier centric model ...T0 @ consumer centric model
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Power plant Transmission Distribution system operators
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How to achieve decentralised energy market?

Transition
architecture
for low-
carbon energy
system

Energy mix
with
integration of
RES and
alternative
fuels

Increased
flexibility
and
reliability of
performance

Extensive use Virtual
of data Power
analytics to Plant
empower

users




Decentralization (4/5)

Organisation of consumer-centric electricity markets
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Sharing economy
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Centralized network Decentralized network Distributed network Communities



ICTs INTEGRATED ACROSS ALL TECHNOLOGIES

-------------------

----------------

Demand Response
Electric Vehicles

Power Electronics

Small Scale Storage
Micro-Congeneration
Microturbines

Rooftop Solar

Small Biomass
Small Hydro
Small & Medium
Solar PV & Wind Farms

Large Biomass
Large Hydro

Large Solar PV
& Wind Farms

------------------

------------------

.....................

MORE DISTRIBUTED

MORE CENTRALIZED

Decentralization

(5/5)



Centralized renewables
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Distributed Renewables

Brooklyn Microgrid could
be a game changer

Firs. A hert



Renewable energy in the hands of the people
Ownership distribution of installed RE capacity for power production in

Germany in 2016
others:
1.0% l

power providers:
10.3%

the “big four”
power providers:
5.4%

private individuals:
31.5%

total:
100.3 GW,, investment
funds/banks:
13.4%
e project firms:
10e% 16.4%

industry:

Source: trend:research 13.4% : RENEWABLE
: ENERGIES
© 2018 Renewable Energies Agency T renewsbles-in-germanyc

Democratization

(1/5)



From CONsumers to PROsumers

I:Il_ll:l

Producer Prosumer Consumer




Democratization (3/5)
Prosumers Overview

-Grid connected with on-site PV, -Onsite DER and flexible load

storage systems and flexible load
-Grid connected with offsite DER -Corporate sourcing of RES
-Off grid households

Industry I I |

-Onsite DER and flexible load

-Corporate sourcing of RES




Prosumers’ drivers

N\
Q Investments and revenue streams
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Taxes, tariffs and charges

%

Partnerships between prosumers, energy “

Lo producers and companies




Democratization (5/5)

Intelligent Energy Management
...to make customers active elements of the system

Carbon Reduction
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Decision making Data integration

Action plans development Data forecasting

Source: "Enabling Local Authorities to Produce Short-Term Energy Plans: A Multidisciplinary Decision Support
Approach’, Management of Environmentzl Quality Journal, Vol. 27 lss 2, pp. 146 - 186, 2016



Don’t Know

Already
mplemented g
data analvtics

41%

Not implemented

big data analvtics Currenthy

unplementing big
data analvtics

N. Mohamed, S. Lazarova-Molnar, I. Jawhar, and J. Al-
Jaroodi, “Towards service-oriented middleware for fog
and cloud integrated cyber physical systems,”in Proc.
IEEE 37th International Conference on Distributed
Computing Systems Workshops (ICDCSW), 2017, pp.
67-74.



Data is everywhere - How to support prosumers

. o AN
/ Real-time Open Data Historical Data Secondary Data \

Smart Meters Weather data
BEMS

@ Beneficiaries

ENERGY VALUE CHAIN

Cadastral data Energy Market

Multi-scale & Generators; Suppliers;
EU databases Multi-stakeholder TSOs; DSOs;
approach Aggregators;
EPCs Consumers, ESCOs, IFls,
Grid-owned assets Belils, Oy gie
data/solution providers,
etc.

SECAPs actions

o —— — — — — — — — — — — — — — — — — — — — — — —
~ —— e — e e —— — — — — — — — — — — ——

\ Energy Price




Decentralized energy data- ( é)*“ |

driven ecosystem, consisting of fﬁﬂﬂm \
a federation of distributed i %_—%
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Data Hubs
OPERATION OF ELECTRICITY
NETWORKS

BIG DATA MANAGEMENT & = " v

Standardised way to collect DATA GOVERNANCE Iz {.} X
d analvse dat BD MIDDLEWARE MODELLING 12 ol o
and analyse data 4’ T s @_
B(L_"_' /gg%" MANAGEMENT OF DISTRIBUTED
< 0 ENERGY RESOURCES
Open Modular Big Data Analytics 00 2lEt
Energy Toolbox
BiG DATA SMART GRID DATA/Al MODELS/
SERVICE ANALYTICS EDGE RESOURCES

MARKETPLACE INVESTMENTS & EFFICIENCY IN
BUILDINGS

www.bd4nrg.eu

BDANRG project has received funding from the European Union's Horizon 2020 Research and

Innovation programme under grant agreement No 872613




arecise understanding of data nature and radically new digital technologies
v'Combined data from different domains with open source toolboxes
v’ Smart grid-tailored near real time energy-specific open analytics modular frameworks
v Open source highly distributed interoperability reference architectures

v’ Safe, reliable, resilient and affordable solutions

b Energise . Empower 4
> Engage - Reward 4
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Thank you for your attention!

Haris Doukas

email: h_doukas@epu.ntua.gr




