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Capacity 458 GW Capacity 647 GW Capacity 116 GW
Global share 15% Global share 21% Global share 4%
Change +37.9GW Change +39.1GW Change +5.6 GW

Growth +9.0%

Central America
and the Caribbean

Capacity 17 GW
Global share <1%
Change +0.6 GW
Growth +3.3%

South America

Capacity 245 GW
Global share 8%
Change +13.5GW
Growth +5.9%

Growth +6.4%

Middle East

Capacity 24 GW
Global share <1%
Change +1.0 GW
Growth +4.5%

Africa

Capacity 56 GW
Global share 2%
Change +2.1GW
Growth +3.9%

Growth +5.1%

Capacity 1456 GW
Global share 48%
Change +154.7 GW
Growth +11.9%

Oceania

Capacity 45 GW
Global share 1%
Change +2.2 GW
Growth +5.2%

For the complete dataset see: IRENA (2022), Renewable capacity statistics 2022, available at: www.irena.org/publications.
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S RES in the World

Renewable share of annual power capacity expansion
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Faculty of Mechanical Engineering and Naval Architecture, University of Zagreb, Zagreb, Croatia

Covjek s vizijom Hrvatske 2050. koju polreéu samo vietar, sunce i voda

ARTICLE INFO ABSTRACT
ne
o Anticle history: “The most important problems the encrgy sector faces in Macedonia are an unfavourable energy mix with
yiifE Received 4 November 2011 a high prevalence of lignite, a strong dependence on energy import, poor condition of the energy system
g;“‘“"_lg‘ ;“*d form and inefficiency in energy production and use. This paper investigates the prospects for realization of the
S Casmi B g(‘:“;d 2‘9 ane 2012 100% renewable energy system in Macedonia by making use of the EnergyPLAN model. Analysis was
Cotmsk 12 T 012 il o Aust 2012 conducted for two renewable scenarios designed for the years 2030 and 2050. First scenario, the 50%

renewable energy system, has been created for the year 2030 and represents the first step towards the
100% renewable energy future of Macedonia. The second scenario has been designed for the 100%

::ﬁdim renewable energy system based only on the renewable energy sources (RES) in the year 2050. Special

100% Renewable energy system attention in the design of these systems has been given to intermittent RES and to storage technolagies.

Energy system of Macedonia “The analysis reveals that at the moment the 50% renewable energy system seems much more likely than

Economic evaluation the 100% renewable energy system, but with additional encrgy efficiency measures, which will lead to
a decrease of ¢ and with i ion of new capacities this goal can be casily
achieved.

© 2012 Elsevier Ltd. All rights reserved.

‘Model koii ie veé¢ primiienien u Danskoi. pokazuie da naftno doba neée nestati tek kad nestane nafte
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Zero carbon energy system of South East Europe in 2050 @CWM,,&
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« W renew able snergy system of the South Esst Europe has been schisved.
» Sectof integration makes the 2ero carbun system cheaper compared 1o the base year.
» Numerous renewable technologies needed 1o schisve zer carbon in the year 2050,
«» Energy sfficiency is 3 erucial part in a transition to the zer carbon energy system.

« No technalogy has 2 larger share than J0K; increased security of energy Supply.

ARTICLE INFOD ABSTRACT

Article hisinry:

Hecmived 73 Novernher 3115

Received in revised form 26 Fehruary 2016
Aceepted 14 March 2016

Availstile online 19 March 2016

South East Europe is the region in a pant of Europe with approximately 65.5 million inhabitants, making
1p 8.9% of Europe’s tota | population. The cuntries conce med have distinet geographical atures, various
elimates and significant differences in gross domestic product per capita, 3o the integration of their
energy systems is considered 1o be a challenging task Large differendes between energy mixes, still lar-
gely dominated by fessik-fuel consumption, make this task even more demanding.

This paper presents the transition steps 1. 1005 renewable energy system which need to be carmied
ot until the year 2050 in order to schisve 2erocamon energy wciety. Novelty of this paper compared to
other ppers wit hsimilar research goals s the assumed sistainable use of biomass in the 100% renewable
energy systemof the region considersel. It is important 1o emphasize here that only the sustainable use of
biomass can be considersd carbon-neutral. The resulting Momas consumption of the model was
Susminable biamaz 72594 P] for the entire region, which is in line with the biomass patential of the region. Modelling the

zero-carbon energy system was carried oul using fhe SmMart enerngy system concept, together with its
main integration pillars, i power-lo-heat and power-1o-gas lechnologies. The resulting power genera-
tom mix shows that 3 wide variety of energy sources nead to be wtilized and 5o single energy source has

_ | T
2
PV©B65 GW
more than 3 30 share, which alsg increxses the security of supply. Wind turbines and photovoltaics are
main technologies with shares of 289% snd 225%, followed by hydio power, concentrated solar
WI n d 5 O G wier, biomass (mainly used i cogener stion units ) and geothemal energy sources. Tokesp the biomas
Musumption within the sustainsbility limits, there is & need for some type of synthetic fusl in the trans-
it i sector. Nevert heless, sclieving 100% renewsble energy system 3kio promises 1o be finsncially
CSP: 11 G
. tant rode in the transition to the 2ero-carbon energy society: the model shows that primary ener gy supply
wi]| be 50.9% Iawel any i the base year.
Dammed hydro: from 18.8 t0-23:5°GW

Neworss:
Amart energy system
Renewable energy sysem
Zero carbon

South Eas Eurape

Ia-em-lx.ul a5 the total calculsted anmual socio-economic cost of the region is approximately 20 billion
isros lowe i the year 2050 tha in the base yesr. Finally, snergy &M cency measures will play sn impor-

Joule
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No vision, no hope? o
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Some Vision, some hope?
Wind power plants 2021

& Landgeistcom

Wind turbines _ 4 ARi ® @Land_geist

©® ©Llandgeist

Statistically wind turbines
generated in 2021:

Denmark 2749 kWh/capita,
Ireland 2019 kWh/capita,
Germany 1381kWh/capita
Portugal 1295 kWh /capita,
Austria 719 kWh/capita.
Croatia 514 kWh/capita,
Hungary 70 kWh / capita SRR
Slovenia 5 kWh / capita

Source: OpenStreetMap, 2022
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Wind power production Croatia, Portugal and Denmark
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Dirk Schindler, Sophia Schmidt-Rohr, Christopher Jung,
On the spatiotemporal complementarity of the European onshore wind resource,
Energy Conversion and Management, Volume 237, 2021, 114098, ISSN 0196-8904,

https://doi.org/10.1016/j.enconman.2021.114098 «
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o RE- thlnkmg 2050 EU

* “Post Carbon Society" vision (Carvalho et al., 2009):
— Renewable energy sources
— Buildings as "Positive Power Plants”
— Energy Storage
— Smart grids and electric and plug-in hybrid-electric vehicles

« "RE-thinking 2050" initiative (Zervos et al. 2010)
— A 100% Renewable Energy Vision for the European Union"

— Prof. Maria da Graca Carvalho underlines: “Studies of this kind
are of outmost importance for policy-makers. The study RE-
thinking 2050 gives an outlook of our society by 2050 if fully
sustainable energy supply is adopted. The distributed nature of
renewable forms of energy represents an opportunity to reshape
our economic and social system towards a wealthier and more
equitable model.”

13
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Figure 1. Progress towards renewable energy source targets since 2005

100% ® EU-27 2020 target
@ EU-27 2030 target
—s— EU-27 Indicative Renawable Energy

90% Directive trajectory
EU-27 Linear 2030 trajectory
ar EU-27 RES share
80%
70%
60%

so% 45% REPowerEU plan
40% 40% (Revision RED Il directive)

20% * 32% (Renewable Enerqgy Directive
20% 2018/2001/EV)

Share of energy from renewable sources
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Renewlslands methodology for sustainable energy
and resource planning for islands

Neven Duié®*, Goran Kraja¢i¢®, Maria da Graca Carvalho®™!

Renewls ' an d S/IADEG sl ol

METHODOLOGY Q ’
1 . Mapp| ng the ne eds Feasibility Zf 2techno|og|es
2. Mapping the

resources
3. Devising scenaria G0 svse AT

with technologies -,

that can use —r :

available resources

to cover needs

4. Modelling the

scenaria
Evaluation of SCIJCi6t1_|
Security of supply Environmental craeen
evaluation

2Department of Energy, Power En g wering and Feology, Faculty of Mechanical Engineering and Naval
r‘h e, Universily of Zagre h7qFle
" Research Group on Ener i of i gineering,
Instituto Superior Téel Li 1, Portugal 3
Received 7 July 2006; accepted 13 October 2006 DEVISING SCENARIOS
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USE CASES

@ Hybrid RES & storage

Smart control of water & energy
Energy communities through 5G & loT
Transition to DC grids

Local bio-based economies

Electric transport

06006666

Stabilization of microgrids
through storage

“The results will validate an Investment Planning Tool
that will be then demonstrated at 3 Follower Islands
for the development of & associated Action Plans.

CONSORTIUM

%sul@

The project team is carefully balanced along all the
value chain counting with five public authorities, six
energy and water utilities, four technology providers,
two energy sofware developers, six RTOs, one
enviranment NGO, one business models expert, one
engineering company and one entity for social aspects
and ion. The legal and fra of
57% of the total population living in EU islands will be
directly considered within the project.

= q P

Suites Qe

mifm e B g, .
— Pongal -

MAXIMIZING THE IMPACT
OF INNOVATIVE ENERGY APROACHES
IN THE EU ISLANDS
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TECHNOLOGIES
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OPTIMIZATION MODEL
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Energy planning scenario 51

Energy planning scenario Sz
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Welcome to Bornholm, Bright Green
Island

01-07-2019

We the people of Bornholm want to be a sustainable, climate-
friendly island community by 2035. We believe that a sustainable
future for our island requires us to use and protect our common
resources wisely and sustainably.

We call this approach Bright Green Island.

d sustaiflable,
CIlmate-frlendly important to find a sustainable and durable way to be an island

community - a way that embraces Bornholmers, businesses,
infrastructure and our many visitors.

In order for our island to have a future for both residents and guests, it is

And we are already well on our way.

http://www.brightgreenisland.dk/Sider/In-English.aspx
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15T PRIZE WINNER
THE ISLAND OF BORNHOLM DENMARK

Island of Bornholm

Winner of the 2019 RESponsible Island Prize

Bornholms elsystem
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Bornholm island - Use Case 4
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Island of Bornholm

Biogas plant modelling
and flexibility
assessment

Characterize units for
flexibility provision and
grid support

VPP
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Offshore wind — new momentum in development of

Bornholm
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Smart management of e
the water and energy -
System . Vodosprema O
Connecting the 7 kW pueess
solar power plant and the LN

27 kW desalinizer to an porokci vode
external system ~

Controlling the pumps in
the desalination plant

Installing a smaller

battery and tank *
m—) .
D. Kovacevi¢, Water-energy nexus analysis of the Unije Island, 2020. % . . .
https://repozitorij.fsb.unizg.hr/islandora/object/fsb:6106
loT platform and °

Blockchain

— nsulae# | .
Masimizing the impact of imovatiee - it PE/finSulae-h2020.eu/ https://insulae.wp.fsb.hr/
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2"° PRIZE WINNER

THE ISLAND OF SAMSO DENMARK

Island of Samsg
2" Winner of the 2019 RESponsible Island Prize

Version 1.0

Utopia is possible
Wind, solar and biomass were crucial

>

Samso has as a community invested in
sustainable energy systems that today are
owned partly by the locals. The investment total
is app 62 .000.000 EUR - it makes Samso
100% self supplied by renewables — it makes
Samso inhabitants CO2 negative — emission is
minus 3,7 tons pr. Inhabitant.

Version 2.0

This is difficult

Independency from oil, gasoline and diesel by
2030

>

Samso’s present goal is to face out fossil fuel by
2030. It happens via thorough planning and theme
meetings. The exchange of existing wind turbines

and oil burners with heat pumps. Generally
advising about savings and efficiency in electricity
and space heating.

Version 3.0

Common sense
Recycling resources

>

The Energy Academy has after 20 years of activity
become a meetinghouse for knowledge and
solutions. What it takes to make things happen! *
From Best to Next” is a way to explain what the
local catalog of development initiatives anchored in
existing resources and possible technical solutions
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Island of Z£ro
[

Winner of the 2020 RESponsible Island Prize

European
Commission

The Island of Zre in Denmark (£re Municipality) is the winner of the 2020 RESponsible

RES \& } Island Prize. The Island will receive a €500.000 cash prize for their proposal ‘Green
ISLAND Ed N Island ARO - £re - Leading the way to a renewable future for island communities”.
pr ize : N \ A ) The prize was awarded for the share of renewable energy produced by innovative
energy technologies, the environmental and socioeconomic sustainability and

=4 impact, citizen and community involvement, and the replicability of the solution.

(Y; 157 PRIZE WINNER 2020
THE ISLAND OF £R® DENMARK

The renewable energy transition is part of Zra's modern DNA. Since the 1970s,
local citizens have experimented with renewable energy, and in 1985, citizens
established the first wind park on the island, the biggest in Denmark at the
time. Today, wind produces more than 125 % of the island’s electricity use.
In 1996, the first of Zro's mainly sun- combined with bioenergy-powered
district heating plants was established, delivering fossil fuel free heating to
the majority of households on Z&re. When established, the plant was the world'’s
largest solar heating array.

Considering the surplus of locally produced ‘green’ electricity, the municipality
decided that the island's biggest greenhouse gas emitters, the ferries, should use
this energy source, and with the help of the EU Horizon 2020 programme and nine
European partners, it launched the game changing fully electric E-ferry ‘Ellen’ in 2019.

http://co2mmunity.eu/wp-content/uploads/2019/03/Factsheet-Aer%C3%B6-
Marstal.pdf
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- Electric Ferry ELLEN

. https://www.facebook.com/aeroe
. https://www.el-feergeprojekt.dk/

. https://batteryindustry.tech/fully-electric-e-ferry-ellen-fulfills-
important-goal/

 http://e-ferryproject.eu/
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Renewable and Sustainable Energy Reviews 82 (2018) 1823—1838

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser
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The future of transportation in sustainable energy systems: Opportunities . o [Eman |
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- - .. share X
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. . p3 ¥ A " a2 . yn et Estimating
D.F. Dominkovi¢™", I. Batekovi¢’, A.S. Pedersen®, G. Krajaci¢® ssaicna
eleaiciy
* Department of Energy Conversion and Storage, Technical University of Denmark (DTU), Frederikshorguej 399, Roskilde, Denmark D Process i
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Estimating
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Keywords: Energy demand of a transport sector has constantly been increasing in the recent years, consuming one third of () Attematives
Renewable transport the total final energy demand in the European Union (EU) over the last decade. A transition of this sector
F.!cctrir vehicles towards sustainable one is facing many challenges in terms of suitable technology and energy resources. P
I?mﬁ.lc]s, hydrogen Especially challenging transition is envisaged for heavy-weight, long-range vehicles and airplanes. A detailed Defining clewl;t, hest
:ﬁ;ﬁfgﬂids literature review was carried oul in order to detect the current state of the research on clean transport sector, as sleenations v‘m:::-‘s.ﬂzw‘
: well as to point out the gaps in the research. In order to caleulate the resources needed for the transition towards

completely renewable transport sector, four main alternatives to the current fossil fuel systems were assessed

and their potential was quantified, ie. biofuels, hydrogen, synthetic fuels (electrofuels) and electricity. Results

showed that electric modes of transport have the largest benefits and should be the main aim of the transport * ﬁ ‘

o " Syntheti s icfuels

transition. It was caleulated that 72.3% of the transport energy demand on the EU level could be directly '"Jﬂﬁifu 3

electrified by the technology existing today. For the remaining part of the transport sector a significant demand et

for energy resources exists, Le. 3069 TWh of additional biomass was needed in the case of biofuels utilization { Y )

scenario while 2775 TWh of electricity and 925 TWh of heat were needed in the case of renewable electrofuels

X L : . Evalu
produced using solid oxide electrolysis seenario. i
opportunities
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2"° PRIZE WINNER 2020

THE ISLAND OF EL HIERRO SPAIN

Island of El Hierro
2nd Winner of the 2020 RESponsible Island Prize

R Y

The Island of El Hierro in Spain is the 2nd winner of the 2020 RESponsible Island Prize.
The Island will receive a €250.000 cash prize for their proposal ‘El Hierro 100 RES
- El Hierro: Towards a 100% Renewable Energy Island ". The prize was awarded
for the share of renewable energy produced by innovative energy technologies,
the environmental and socioeconomic sustainability and impact, citizen and
community involvernent, and the replicability of the solution.

With the start-up of El Hierro's combined Wind-Pumped Hydro Power Station,
the renewable energy levels have increased progressively, reaching an
average level of almost 60% of electricity from renewable sources. The island
has also achieved the record of 100% renewable electricity supply for 25
consecutive days in connection with significant economic and environmental
benefits. This is a pioneering achievement for an off-grid energy system, which

is not connected to the European electricity grid.

As a result of these achievements, the island of El Hierro has stopped consuming
an average of 7000 tons of diesel per year, and has stopped emitting around
18,700 tons of CO2 annually into the atmosphere.

The innovative energy facilities are in majority owned by the island government
Gorona del Viento, which promotes their positive impact on community and citizens.
Actions are also targeting the younger generation by showing them how to save energy.

They are examples of the island’s sustainable energy awareness that highlight

ElHierro's potential as a perfect living-lab
for the deployment of decarbonisation
initiatives.

Gorona del Viento provides free
electricity for electric vehicles through
several charging points spread across
the Island. As part of its sustainable
maobility plan, the Island intends to stop
consuming fossil fuel to generate electricity
for the mobility of its inhabitants.

El Hierro's example is a combination of a successful
social moverment, energised under the umbrella of
sustainability and respect of the Island’s specificities,
natural resources and values, and of a highly innovative
technological solution based on renewable energies
(wind-pumped hydro power station). Other islands should pay
attention to both aspects for inspiration.

Regarding citizen involverment, most of the actions developed in El Hierro

can be easily replicated on other Islands. The Wind-pumped hydro storage solution is
fully replicable in many isolated and non-isolated territories worldwide (customising the
solution to the local characteristics). Years ago, more than 100 island territories were
thoroughly analysed in view of a potential replication. One of these islands was lkaria
(Greece), which has recently commissioned a similar system.

Furthermore, the island of Gran Canaria, one of the most populated islands of the Canary
Archipelago, will soon start the construction of a 200 MW pumped storage plant, which
will store excess renewable energies that the insular grid is not able to absorb in order
to bring back renewable electricity to the island system at peak hours.
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El Hierro: 100% RES Island e
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e ey - renewables share
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Wind — Pumped Hydro Power Station

INSTITUTO TECNOLOGICO s January 14 (Renewables Now) - Renewables met 54%

DE CANARIAS of the total electricity demand on the Spanish island of
El Hierro in 2019, thanks in part to the Gorona del
Viento wind power-based pumped-hydro system
which pushed the figure close to 100% in July.

The power station on the smallest of the Canary
Islands succeeded in covering 100% of the local
demand for almost 25 days in a row between July 13
and August 7, beating its own 18-day record achieved
in 2018.

Source: Twitter, @GoronadelViento
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TN Island of Tilos
3rd Winner of the 2020 RESponsible Island Prize

The Island of Tilos in Greece is the 3rd winner of the 2020 RESponsible Island Prize.
The Island will receive a €100.000 cash prize for their proposal ‘TILOS- Towards the
Deeper Integration of Local Renewables and a Carbon-Free Island Energy System’.
The prize was awarded for the share of renewable energy produced by innovative
energy technologies, the environmental and socioeconomic sustainability and
impact, citizen and community involvement, and the replicability of the solution.

Over the recent years Tilos accelerated its clean energy transition in a
remarkable pace, enabled by the strong commitment of the local Municipality,
the pro-environmental culture and the mindset of Tilos citizens, and the
implementation of innovative demonstration projects, such as the Horizon
2020 TILOS project. By embracing community-scale wind and solar, battery
energy storage and advanced energy management and metering, Tilos achieves
high shares of renewables in the local electricity sector. At the same time, the
island extends its efforts to the directions of e-mobility and renewable-driven EV
charging infrastructure, sustainable water management and energy efficiency in
the local public lighting sector.
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Decarbonization of the cities?

Cities occupy only 2% of the planet's surface and yet concentrate 50% of the
population, consume 75% of energy and are responsible for 80% of CO2
emissions.
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- 1100 MW SOIar the““al -~ 1600000 |||2 Solar District Heating in Denmark
. Sum of collector area and the number of operating and upcoming plants
5,792,202 ppl 2 0.276 m? percapita
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Biomass boiler

~ o Biomass CHP

A Waste incineration
A Kommunale MVA
A Industrielle MVA

‘ . In operation

| Total collector area (in operation): 1581 716 m?
e Centralized CHP |

= Decentralized CHP
Wind turbine
Offshore wind turbine

St t In Austria, more that 2.400 heat networks are existing (among them a
ra ego large number of small biomass networks). DH market share is about

24%. District cooling has only a minor role limited to some cities.
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Energy system integration (ESI) = the process of optimizing energy
systems across multiple pathways and scales

Single Building <N Electricity
@ Thermal
Community, City &
. L. Fuel
Region, Country g

Data Pathway: Information and
communication technologies allow a
better understanding and control of
systems by linking sensor data from
multiple locations to control centers.

District

https://smart-cities-centre.org/

&

" Complexity
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= Conclusions

- the way we are going is unsustainable, that's why energy systems need to be
transformed from the foundations, and adequate energy planning is the key to
success

* current progress towards sustainable systems is too slow

« politicians must have a clear vision of the energy systems of the future, based
on reliable costs and achievable and reasonable targets

« the prices of energy and fuels must reflect real and complete costs and
transparent markets must be ensured for all forms of energy and fuels

 itis necessary to speed up innovation and development of new technologies
and apply the best existing ones

* itis necessary to consider the flexibility of the power system and build flexible
plants

« digitalization is key to success in the planning and implementation of 100%
renewable energy systems

« technology value chains will determine the future development of energy
systems

« Smart islands, energy communities and cooperatives may play the key role in
the decarbonization
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