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source: https://commons.wikimedia.org/wiki/File:EU28-2013_European_Union_map.svg  

Paris Climate Agreement

Clean Energy Package

(COP21)

• first climate agreement on a full global scale with 
“well below 2 °C” target 

• “nationally determined contributions” (NDCs)
• non-binding 

• European package with 8 legislative acts 
• first national energy and climate plans
• binding targets

by 2030 45% emission reduction relative to 1990
32% share of renewable energy
15% electricity interconnection 
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Source: European Environmental Agency (EEA) 2015

European greenhouse gas emission trends, projections and reduction targets 
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GHG reductions compared to 1990 2005 2030 2050

Total -7% -40 to -44% -79 to -82%

Sectorwise

Power (CO2) -7% -54 to -68% -93 to -99%

Industry (CO2) -20% -34 to -40% -83 to -87%

Transport (inkl. CO2 aviation, excl. maritime) 30% +20 to -9% -54 to -67%

Residential and services (CO2) -12% -37 to -53% -88 to-91%

Agriculture (Non-CO2) -20% -36 to -37% -42 to -49%

Other Non-CO2 emissions -30% -72 to -73% -70 to -78%

The EU Energy Roadmap 2050

Europe aims at decarbonizing ENTIRELY its economy by 2050
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Paris Climate Agreement

Clean Energy Package

(COP21)

• first climate agreement on a full global scale with 
“well below 2 °C” target 

• “nationally determined contributions” (NDCs)
• non-binding 

• European package with 8 legislative acts 
• first national energy and climate plans
• binding targets

by 2030 45% emission reduction relative to 1990
32% share of renewable energy
15% electricity interconnection 
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Paris Climate Agreement

Clean Energy Package

(COP21)

• first climate agreement on a full global scale with 
“well below 2 °C” target 

• “nationally determined contributions” (NDCs)
• non-binding 

• European package with 8 legislative acts 
• first national energy and climate plans
• binding targets

“Renewable Self-Consumer Era”

flexible

market-
oriented

consumer centric
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9Source:IRENA Renewable Cost Database.
Note:The diameter of the circle represents the size of the project, with its centre the value for the cost of each project on the Y axis. The thick lines are the global weighted average LCOE value for plants commissioned in each year. 
Real weighted average cost of capital is 7.5% for OECD countries and China and 10% for the rest of the world. The band represents the fossil fuel-fired power generation cost range.

Levelized cost of energy (LCOE) of implemented projects worldwide 2010 vs 2017
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Generation

Transmission

Distribution

Consumption

Power flow
”top down”

The classic grid configuration 

One central market

Balancing 
market

Wholesale 
market



Techno-economic development

11

Generation

Transmission

Distribution

Consumption

Power flow
”top down”

The energy transition

One central market

Balancing 
market

Wholesale 
market

Reverse 
Power flow



Techno-economic development

12

Generation

Transmission

Distribution

Consumption

The energy transition

One central market

Balancing 
market

Wholesale 
market

Reverse 
Power flow

The energy transition



One central market
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Multiple markets

Balancing 
market

Wholesale 
market

volatility scarcity

Digitalization

De-
carbonization

De-
centralization

The energy transition

“From cost to value”

New player

Energy communities

Energy aggregators
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Clean Energy 
Package

Electricity
market

Renewable
energies

New 
players
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The Business model canvas of the energy aggregator Sonnen

Private households and small 
businesses

Grid operators

Suppliers for battery 
components (Sony)

Specialized service partners

German Energy Storage 
Association 

Shareholders 

Online through website, App, 
and newsletter

Local service centers and 
providers 

SonnenCommunity

Personal assistance through 
call-center and local service 
partners

Automated service 
(blockchain)

Sales of sonnenBatterie

Monthly subscription fee for sonnenCommunity

Compensations for (ancillary) grid services

Lithium-iron phosphate
battery storages

Algorithm connecting and 
controlling the single storages 
as a virtual power plant 

Design, engineering, 
production & sales of battery

Operation of 
platform/network

Forecasting presumption

Getting independent from 
fossil fuels and big energy 
corporations 

Covering energy needs with 
decentralized and clean 
energy sources

Sharing energy when and 
where it is needed

Reducing energy costs to a 
minimum

Customized design solutions
made in Germany with 
“plug and play” 

Fixed costs for employees, offices and fabric

Variable costs for components and logistics

Extraordinary costs for R&D and business development 

The Business model canvas by Alexander Osterwalder: A. Osterwalder & Y. Pigneur. Business Model Generation; 2010. Self published. 
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Prosumer

Prosumer

large-scale 
energy companyTSO

DSO

Energy aggregators business model
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source: SmartNet: Basic schemes for TSO-DSO coordination and ancillary service provision; 2016. Final project report D1.3

The current regulatory implementation model

First conclusions:

• Dual competition with traditional 
energy companies

• New stakeholder for aggregator
-> Distribution System Operator (DSO)

• New layer for business optimization 
and algorithm 
-> physical location



Energy aggregators business model

19

Future options of implementation

source: SmartNet: Basic schemes for TSO-DSO coordination and ancillary service provision; 2016. Final project report D1.3

large-scale 
energy company

Aggregator

TSO

DSO

Prosumer

Prosumer

Future directions of research:

• Future roles of utilities 
 System operator? 
 (Local) Market operator? 
 Active aggregation role?

• Different regulatory implementation 
models

• Different aggregator models
existent         or         theoretic



Market implications

Utilities and decarbonization
The binding constraint of CO2 reduction in a
short time span has imposed a change in the
strategy of energy companies, refocusing on
low carbon activities.

Electricity is emerging as a key vector to
replace fossil fuels in many final uses and
utilities are changing the business model
from energy supply to energy services.

A radically new technological paradigm
• Buildings for zero consumption, use of digital 

intelligence to efficiently control, new mobility create 
radically new consumption conditions, with 
requirements very different from the historical ones

• The usage of renewable energies is already today the 
cheapest option to generate electricity in many 
countries and network development models are today 
based on local smart grids, integrated only later

• The transition will be faster than we can imagine, but it 
depends on the real desire to overcome an economy 
centered on the use of fossil fuels

20



Market implications

Electrification of Everything (EoE)?

• Climatic constraints push for the decarbonization and replacement of fossil fuels, but there is also a factor 
linked to innovation 

• The use of ICT in energy supply makes electricity competitive in many uses (heating, cooking, mobility, ...)

• Electricity penetration is growing in all countries,  even the most advanced. For example in Italy:
38,7% in 2014 against 35,9% in 2000 and 33,2% in 1990

• Are we evolving towards an ALL ELECTRIC society? Think of the new production processes:
(3D printing, induction furnaces ...), new buildings (heat pumps, induction cooking, ...) mobility with electric 
vehicles and autonomous logistics)

21
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22Source: Modesto Gabrieli Francescato (Terna) @Florence School of Regulation, 2019 22Source: Modesto Gabrieli Francescato (Terna) @Florence School of Regulation, 2019



Market implications

The energy business model has changed. Forever!

• Energy economy fundamentals have changed in the last decade and competitive supply requires new business 
models:

• Scale economies,

• Role of utility,

• Market access and contestability

• Digital control

• We will never go back to the model of last century

• Renewable sources are an exuberant candidate to become the first energy source of 21st century society, 
gaining market shares worldwide. 

• Regulation can push the technical progress or displacement it. Its role is crucial

• Disruptive factors are not environmental or political, are economic

23



Thank you for your attention!

Comments?
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Obiettivi della transizione energetica e 
i nuovi business model delle imprese energetiche
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LCOE of renewable energy technologies and conventional power plants at locations in Germany in 2018. The value under the technology refers in the case of PV 
to the global horizontal irradiance (GHI) in kWh/(m²a), for the other technologies to the annual full load hours (FLH). Specific investments are taken into account
with a minimum and maximum value for each technology.
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SOURCES: ARB 2017; SOULOPOULOS 2017; VOELCKER 2017; SLOWIK, PAVLENKO, AND LUTSEY 2016; VOELCKER 2016; NYKVIST AND NILSSON 2015.


