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wj 1.1 Evolution of the energy transition

Policymakers face two challenges inherent in the energy transition: what is needed to accelerate the improvement of
energy systems, and what should be the conditions necessary to take advantage of the transition's emerging
opportunities? The evaluation of a country's energy system performance revolves around these three key
premises. Balancing these aspects is crucial for a successful energy transition.

Equity
Ensure fair distribution, accessibility

and affordability of energy for
Security 1T  everyone.

Ensure security of supply through
the energy mix, trading partners w

and electricity generation. Sustainability

/& Incorporate metrics to reduce carbon
C ’ intensity, improve efficiency, and

promote renewable energy sources.
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1.2 Regional overview

Reduce ﬁ Balance Equity
gle
o . Regulatory and
Prioritize Equity Disparity Sustainability

Address disparities in
equity, which represent
the most significant
divergence in system
performance between
advanced economies

and emerging nations.

Work towards reducing
the regulatory gap
between regions with
advanced economies
and those that are

developing.

Address the global
imperative to balance
equitable transition with

decarbonization efforts.
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ﬁ 1.3 Decision Support Models

Nowadays, decision making mainly in the environmental field requires information from different scientific disciplines and
this gives rise to integrated assessment models.

The main objective of integrated assessment models is to provide a political view of global environmental change and
sustainable development through a quantitative description of processes and interactions.

Analytical Role Integrated Assessment Quantitative Description
Analyze the feasibility, costs, and Combine information from different Offer a quantitative description of
impacts of different energy transition scientific disciplines to provide a processes and interactions in the
routes. Provide information on comprehensive view of global energy system, enabling policymakers
technology deployment, policy environmental change and to make informed decisions.
implications, and socio-economic sustainable development.

factors.
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mj 1.3 Decision Support Models

» Modeling Approach for Integrated Assessment Systems
Define Scope

Determine the sectors of the economy and focal points to be 1
included in the model.

Select Methodology

Choose between general equilibrium and partial equilibrium 2
models based on the complexity required.

Gather Data

Collect relevant data on energy production, consumption, and 3
environmental impacts.

Develop Scenarios

Create various scenarios to explore different policy options and 4
their potential outcomes.
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1.3 Decision Support Models

» Challenges in Modeling Integrated Assessment Systems

Data and Uncertainty

High levels of uncertainty due to hard-to-access data and assumptions
about future technological advances, political decisions, and social
behavior.

. Intermittency and Storage

Modeling the intermittency of renewable sources and advances in energy
storage technologies requires sophisticated algorithms.

. Regional Differences

Systems must consider regional variations in renewable resource
availability, energy demand, and infrastructure.

. Socioeconomic Factors
Incorporating social, political, and behavioral factors that are difficult to
quantify but crucial for a comprehensive analysis.
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Importance of Island
Regions

EU islands offer unique opportunities
for modern energy planning, with
potential for energy efficiency,
renewable energy, and innovative
solutions. Their small size and
remoteness make them ideal testbeds

for energy autonomy.

%i 2.1 Importance of island regions

@

Specific Challenges

Islands face challenges such as land
scarcity, climate risks, high seasonality
of demand, isolation, and data
scarcity. These factors complicate
energy planning and require tailored

solutions.
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Energy in Isolated
Microgrids

Microgrids offer potential solutions
for electrifying remote areas,
supporting isolated regions
energetically, and facilitating the
integration of renewable energy

sources.

12
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mj 2.2 Challenges specific to tourist islands

I Land Scarcity - Climate Risks

'Y
Limited space for renewable energy deployment.
Solutions include offshore floating photovoltaics,
rooftop solar, offshore wind, and innovative

technologies like vertical photovoltaics and
agrivoltaics.

I& High Seasonality '\"/"\vl‘

Tourism-driven demand fluctuations require
comprehensive seasonal storage solutions and explicit
demand modeling beyond typical continental load

curves.
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Islands are particularly vulnerable to climate change
impacts. Incorporating distributed energy systems and
storm-resistant technologies can enhance system

resilience.

Isolation and Data Scarcity

System stability issues and lack of data affect demand
forecasting. Solutions include physical connections to
neighboring systems and use of global demand
databases.
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ﬁ 2.3 Use of energy in isolated microgrids

Definition Objectives Challenges
D D

Interconnected energy Support isolated areas, Complex optimization needed

system operating as a integrate renewable to manage renewable

controllable entity within sources, reduce uncertainty and maintain

defined electrical emissions service quality

boundaries

The adoption of isolated microgrids remains limited due to the uncertainty produced by renewables and intrinsic load
demand. Therefore, the use of intermittent energy resources along with conventional ones could resolve the uncertainty.

It is of utmost importance to incorporate efficient optimization strategies that reduce energy costs, pollution, fuel
consumption, etc. and ensure the highest quality of service.

Optimization strategies are a complex process involving different variables such as the time frame, the existing constraints,
the objective function, the optimization framework, the treatment of uncertainty or the optimization algorithm.
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Time Frame

Consider the time horizon and resolution time of the optimization algorithm. 1
Constraints

Address technical, environmental, and logical constraints specific to isolated 2
microgrids.

Objective Function

Define the function to be optimized, typically involving minimization of 3
network costs and pollutant emissions.

Optimization Framework

Choose between centralized, decentralized, or distributed architectures for 4

information processing.
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Ameland, Netherlands

Installed a 23,000-panel solar park in 2015,
producing enough electricity for 1,500
households annually. The community plays a
key role in developing a holistic and sustainable
energy vision.
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Menorca, Spain

Plans to increase renewable generation to 85% of
electricity consumption by 2030, reduce fossil fuel
use by 50% for transportation and 30% for
buildings. High environmental awareness drives
the transition.




ol
@i 2.4 Renewable islands

Tilos, Greece

The local community and City Council
are motivated to undertake a deeper
energy transition, including clean
electromobility and the development of
a prosumer cluster on the island. Plans
include increased automation and
flexibility of the local electricity
distribution network, showcasing the
potential for small islands to lead in
renewable energy adoption.
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Pantelleria, Italy

As it is not connected to the national grid, the
island's electricity is produced locally in a 22 MW
diesel power plant.

Focusing on electrifying local public transportation,

including a large photovoltaic system to cover 100%
of electric bus consumption annually.
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As discussed in Unit 1, Integrated Assessment Models are very useful for addressing societal challenges, specifically
those related to environmental policy and the path towards decarbonization.

Scope Program

Cover multiple sectors of the Consider programming and software
economy and focal points, addressing requirements for implementing and
the multidisciplinary nature of energy running the models.

transition challenges. . .
Economic Complexity

Choose between general equilibrium

@ and partial equilibrium models based
X%/

on the level of detail and interactions
required.

-
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Understanding these synergies is crucial for developing holistic approaches to decarbonization pathways and associated

socioeconomic narratives.

There are three main types of synergies:

Cooperative

The output of one model is used as -l-n
input to another model, creating a
chain of analysis.

S

Do
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Complementary

Two or more models work together
to achieve a result, with each model
being essential to the overall analysis.

Independent

Models create their own results
independently, but can be merged to
provide a more comprehensive
analysis.
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wi 3.1 Integrated Assessment Models (IAMs)

> Significant IAMs for Energy Transition

G4M (Global Forest Model)

Compares income from forests with
potential income from alternative
land uses, such as growing food
grains or biofuels.

IBC (Integrated Benefits
Calculator)

Converts LEAP emissions scenarios
into estimates of health problems,
ecosystem impacts, and climate
impacts.
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PRIMES

Simulates energy consumption and
supply in the European Union,
modeling energy market
equilibrium for each member state.
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> SAP Temperature Calculator

Purpose

Calculates annual temperature changes

based on input of all relevant emissions - .3 : : '
@ o O 0 ¢

affecting temperature.

Features Application ‘ ,
Shows the degree of influence of Useful for quick

different warming and cooling assessments of emission

substances over time. Uses globally scenarios and their potential

averaged coefficients for temperature temperature impacts.

change calculations.
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»> LEAP-IBC

Description Limitations
LEAP-IBC (Long-range Energy Alternatives Requires an elaborate database on the study
Planning system - Integrated Benefits site and a medium level of knowledge from
Calculator) is an integrated modeling and users.
scenario planning tool for energy and .
greenhouse gas planning. mEAP-I BC
Link emissions Estimate
Key Features Estimate change  toair pollution  benefits
In emissions concentrations

Considers the location of emissions, which
significantly affects the temperature impact
at different points on the globe. Useful for ‘Long-range Energy Alternatives Planning

e . . . system - Integrated Benefits Calculator’
quantifying the impact of various existing ystem - integr enefi culator

plans. g ASE I ismsss
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1 3.2 Available Tools

» H2RES

Purpose

Specifically designed to increase the
integration of Renewable Energy
Sources (RES) in stand-alone systems.
Used as a planning tool for individual
energy systems.

Advantages

Tailored for island systems, offering
detailed analysis of renewable
integration in isolated grids.
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Limitations

Not sold to external users, requires up
to two months of training, and has
limited accessibility due to its
complexity.
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» GAINS

Greenhouse Gas - Air
Pollution Interactions And
Synergies assesses GHG
and air pollutant emissions
from main emitting sectors.
It evaluates the effect of
different emission control
strategies.

1 3.2 Available Tools

> SWEET » Roadmap Model
Solid Waste Estimation Tool Developed by ICCT, it
quantifies GHG emissions and estimates GHG emissions and
other air pollutants from the pollutants from road
municipal solid waste sector. It transport. Useful for

can estimate historical emissions developing historical

and assess impacts of waste inventories and projecting
sector policies. future emissions under

different policy scenarios.
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> EnergyPlan

A simulation model for
evaluating different energy
system alternatives. Free to
download but requires expert
knowledge. Assists in designing
national or regional energy
planning strategies.
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3.3 Challenges for Tool Improvement

In short, the creation of a CETA or SECAP is necessary to achieve the objectives set by the EU, for this the use of some tools
acquires a fundamental role. In this unit we have reviewed some of them, and we have also identified some of the challenges

that need to be addressed so that the energy transition can be tackled from the municipal level:

. Generic Guidelines . Lack of Regional Specificity
Existing tools offer guidance to policymakers, but Many tools do not integrate data specific to certain
provide very generic guidelines that may not offer regions, such as islands, limiting their applicability in
concrete solutions. these contexts.

. Technical Complexity . Monitoring Limitations
Use is often limited to personnel with technical Difficulty in easily monitoring progress towards energy
knowledge, making them less accessible to transition goals, as tools often only provide
policymakers. quantifiable scenarios or results for different

strategies.
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GENERA PROJECT

Objective Focus Areas

GENERA aims to help public EU and island energy context,
authorities transform the energy identification of existing monitoring
context of European regions to tools, key players and stakeholders,
facilitate a rapid transition to a financial mechanisms, and best
decarbonized and sustainable practices at the municipal level.
economy.

® EU and island energy context:
% |dentification of existing Q50 Canary, Balearic, Greek and
monitoring tools Italian islands

9 Raising awareness of the energy

$ Financial mechanisms <
transition
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mj 3.3 Challenges for Tool Improvement

Approach
Provide municipalities with simple and
accessible Energy Transition monitoring
tools for all interested parties,
addressing the limitations of existing
tools.

@ Identification of key players
@*® and stakeholders

o} . 8
Best practices applied at the
R- municipal level
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GENERA PROJECT

The GENERA project proposes to provide municipalities with simple and accessible ET monitoring tools for all interested parties:

Cl‘ Monitor their progress towards established commitments (such as the Covenant of Mayors).

Create a knowledge database integrating holistic information related to ET (specifically in Mediterranean
islands).

Provide a package of specific energy solutions for tourist islands, transforming information into added
value for policy and decision makers.

Introduce a co-creation approach to the decision making process by using a multi-criteria methodology for
identifying the most promising solution.
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GENERA TOOLS:

ENERGY PLANNING
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Wi 4.1 Objectives of the Energy Planning Module

» Objectives of the GENERA Project

Business As Usual (BAU)
Scenario

Analyze the current scenario and its
evolution over the considered time
interval as a reference point.

Alternative Scenarios

Compare alternative energy scenarios
with the same time horizon and
demand constraints to explore
different transition pathways.
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Comparative Analysis

Provide insights into the potential
outcomes of different energy
strategies and policy decisions.
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alll - e

Annual Rate

) Scenario Evaluation L Comparative Analysis Macro-level Insights
2 2 " . Projections
) LA g ) .
N ’\ : i}%’ A Assess and optimally match ~ Use annual rates of change ~ COompare the BAU scenario Provide a macro-level
‘?/,, @\/ 7 energy sources and their to define the energy with an Energy Transition compa.rlson I-oetween.
S P <™ e 8. conversion to the energy demand of each sector over (ET) scenario based on scenarios to inform high-
Q,/'\ f’ \ il needs of different demand  time. ren.ewab!e energy :?md B level decision-making.
{ /T W’ P /T O sectors (commercial, policy-driven sustainability
N o A industrial, residential, etc.). goals.
i é\ b @? DA j_o
N Ny e
A P AT
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Primary Indicators

* Primary energy demand by energy source
« Electricity generation by each energy source

« Total CO2 emissions from each energy sector
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Secondary Indicators

« Percentage of foreign dependence on primary energy
supply

« Percentage of renewable energies in total energy
consumption

« Energy intensity (ratio of energy consumption to GDP)
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Introduction

Brief explanation of the tool's contents and purpose

Growth Rates

Calculation of growth ratios used for estimations

Auxiliar

Data entry from external sources (e.g., IEA database)

ESC-BAU

Calculation of Business-As-Usual scenario and future trends

ESC-ET

Calculation of Energy Transition scenario with new projections
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Recommended Database Data Selection Importance

The tool is adapted to use information Use the latest year containing the most Reliable and standardized data ensures
from the IEA's "World Energy Balances complete information possible for consistency and comparability in energy
Highlights" database. accurate analysis. planning across different regions.

Source: IEA (2024). All rights reserved._(https-{fwww.iea org/terms)

Country T | Product ~ |Flow - 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Provisional

Spain Coal, peat and oil shale Production (PJ) 228 176 160 138 111 103 74 68 52 H 47 37 0 0 0 0 0

Spain Coal, peat and oil shale Imports (PJ) 613 525 415 329 398 542 338 399 458 339 467 399 232 124 1585 256 176

Spain Coal, peat and oil shale Exports (PJ) 54 61 -38 -46 -39 57 -21 -34 -30 -14 -10 -14 42 -52 -18 -38 -93

Spain Coal, peat and oil shale Total energy supply (PJ) 834 578 432 325 522 638 464 479 559 441 536 47 21 123 130 158 112

Spain Coal, peat and oil shale Electricity, CHP and heat plants (PJ)| -735 -471 -357 -255 -448 -546 -390 431 -498 -358 -446 -369 -135 -60 57 -§2

Spain Coal, peat and oil shale Oil refineries, transformation (PJ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Spain Coal, peat and oil shale Total final consumption (PJ) 60 55 35 37 46 3 40 26 22 23 37 3 27 27 27 29

Spain Coal, peat and oil shale Industry (PJ) 45 40 23 26 38 23 35 20 17 16 26 20 20 20 21 23

Spain Coal, peat and oil shale Transport (PJ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Spain Coal, peat and oil shale Residential (PJ) 9 9 9 7 5 5 4 4 4 3 3 3 3 2 2 1

Spain Coal, peat and oil shale Commercial and public senices (PJ) 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Spain Coal, peat and oil shale Other final consumption (PJ) 5 5 2 2 3 3 2 1 1 4 7 8 5 4 5 5 -

Spain Crude, NGL and feedstocks Production (PJ) 6 5 4 5 4 6 16 13 10 6 5 4 2 1 0 0 0

Spain Crude, NGL and feedstocks Imports (PJ) 2496 2560 2366 2378 2388 2638 2690 2709 2859 2842 2928 2951 2921 2477 2578 2788 273

Spain Crude, NGL and feedstocks Exports (PJ) 0 0 0 0 0 -103 -159 -141 -114 -145 -169 -109 -122 -133 -126 -118 147

Spain Crude, NGL and feedstocks Total energy supply (PJ) 2501 2551 2405 2386 2368 2578 2549 2566 2761 2723 2769 2859 2762 2373 2487 2655 2604

Spain Crude, NGL and feedstocks Electricity, CHP and heat plants (PJ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Spain Crude, NGL and feedstocks Oil refineries, transformation (PJ) 2555 -2584 -2443 -2460 -2418 -2618 -2582 -2588 -2778 2779 -2827 -2907 -2815 -2395 -2498 -2698

Spain Crude, NGL and feedstocks Total final consumption (PJ) 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0

Spain Crude, NGL and feedstocks Industry (PJ) 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0

Spain Crude, NGL and feedstocks Transport (PJ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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G Growth Rates m

Year Industry Transport Services Domestic Agric. And Fisheries

ear n

1330 13,253 21,281 3413 3,155 1.665 1330 33 13T

1391 13.713 22147 3,718 9 .66d 1.733 1331 33 156

1332 18,623 23,373 3,936 9.745 1.320 14332 40 T63

1333 18,343 23,033 3028 9,765 1.333 1933 40 755

1354 13.315 23,855 4174 10.252 2.073 1994 40 773

1335 13,830 24,134 4,321 9997 2133 1335 40 T35

Data I n ut 1336 13,020 25,710 4,703 10,557 2173 1996 40 16
1337 21,084 25,705 5,259 10,740 20933 1337 40 846

1398 21795 28,137 5422 11,085 1,344 1,338 40 383

1333 21643 29,493 5,886 1,793 2,203 1,339 40 923

2000 24,541 30,208 6,702 11,385 2,561 2,000 41 571

200 26.346 F.550 T.043 12,605 2367 2.001 H 1.003

2002 26.703 32151 246 12,938 2,351 2,002 H 1.037

Enter total energy consumed by each sector for the last reference o —
2004 23.564 30216 T.rad 14638 3.325 2,004 43 110

2005 30.401 36,510 5,403 15.091 3.095 2,005 44 1141

. 2006 24.660 37516 6.918 12.5239 2,733 2,008 44 1188

year from the IEA database. Include recent population and Gross T —
2008 25.255 36,81 9,289 15,444 2652 2,003 46 1242

2003 20,710 54,460 9.538 15,866 2348 2,003 46 1135

. 2010 20,904 33,883 3,730 16,866 2,223 2,010 46 1137
Domestic Product data for the country under study ]
L 2mz 20,134 23,543 10037 15,489 2703 20z 47 1152

2013 13,944 27,973 9,606 .61 2833 2013 47 1136

2014 13.231 28,106 8,835 14,635 2758 Z014 47 1152

2015 16044 29,472 10.056 14.654 2463 2015 46 1136

Calculation Importance ‘

Growth rates are calculated Accurate growth rates are crucial for =T — i
based on the last year entered in realistic scenario modeling and Sl .
the tool, providing a basis for energy demand forecasting. S
future projections. h — cs
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mj 4.4 Tool sections
> Auxiliary Section: Data Entry

Energy Sources Sector Contribution

Enter information for each energy Input each source's contribution to
source: coal, crude oil, oil products, different sectors: industry,

natural gas, nuclear, renewables, transportation, residential,
biofuels, electricity, and heat energy commercial, and others.

vectors.
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Unit Conversion

Data is provided in PJ but must be
converted to kteps. The tool includes
auxiliary sheets for automatic

conversion.
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4.4 Tool sections
> Auxiliary Section: Data Entry

2022 DATA

. . Renewables Biofuels and . .
Crude oil Oil products Natural gas Nuclear Electricity
and waste WEH

Production

Imports

Exports

International marine bunkers

International aviation bunkers

Stock changes

Total energy supply
Transfers

Statistical differences

Electricity plants, CHP, Heat Plants

Gas works
Oil refineries 0 -2698 2627 0 0 0 -72
Coal transformation

Liquefication plants

Other transformation

Energy industry own use

Losses

Total final consumption 29 0 1777 549 246 808 3409
Industry 23 0 86 295 86 255 745

Transport 0 0 1260 15 57 14 1347
Residential 1 0 102 131 89 264 587

Commercial and public services 0 0 50 78 10 253 391

Other (Agriculture, fishing) 5 0 279 31 3 20 338

Fishing

Non-specified

Non-energy use
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4.4 Tool sections
> Auxiliary Section: Data Entry

2022 DATA

. . Renewables Biofuels and . .
Crude oil Oil products Natural gas Nuclear Electricity
and waste WEH

Production

Imports

Exports

International marine bunkers

International aviation bunkers

Stock changes

Total energy supply
Transfers

Statistical differences

Electricity plants, CHP, Heat Plants

Gas works
Oil refineries 0 -2698 2627 0 0 0 -72
Coal transformation

Liquefication plants

Other transformation

Energy industry own use

Losses

Total final consumption 29 0 1777 549 246 808 3409
Industry 23 0 86 295 86 255 745

Transport 0 0 1260 15 57 14 1347
Residential 1 0 102 131 89 264 587

Commercial and public services 0 0 50 78 10 253 391

Other (Agriculture, fishing) 5 0 279 31 3 20 338

Fishing

Non-specified

Non-energy use
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» ESC-BAU

Inputs Section

Assumptions are made and input data
is automatically entered from pre-
filled sheets (growth rates and
auxiliary).

o
wi 4.4 Tool sections

Outputs Section

Automatically calculates estimates for
future years. Provides evolution of
growth rates, energy source
contributions to each sector, and
emissions produced.
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Time Frame

Years can be entered manually or
automatically, allowing for flexible
scenario planning.
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> ESC-BAU

INPUTS OUTPUTS

Application example: SPAIN SPAIN ENERGY SIMULATION - BAU
HYPOTHESIS Population GDP Industry Transport Services Domestic  Other (fishing and agriculture)
*BAU scenario, which keeps the contribution percentages of each source
to the consumption of each demand sector CONSTANT OVER TIME. Annual growth rate 0.6 1.9 0.1 1.1 3.1 1.3 4.9
* Electricity is generated with average generation output deducted from 2016 data. Total growth for the period 1.008 1.019 1.001 1.011 1.031 1.013 1.043
* The nuclear contribution remains constant at the 2016 value, given the impossibility of increasing installed capacity. Total 47.61 con L‘;;N (ktep)
The increase that nuclear should contribute is allocated to renewables. S Electricity  Coal on Natural Gas Renewables Nuclear Total o
Industry ktep 6,098 550 2,057 7,054 2,057 ] 17,815 22
INPUTS % " 34" 3" 12" 40" 12" 0
Calculation Constant Value Transport ktep 338 0 30,410 362 1,376 0 32,486 39
% " 1" 0" 94" 1" 42" 0
Services ktep 6,232 ] 1,232 1,921 246 ] 9,631 12
% - 65" a” 13" 20" 3" a
Domestic ktep 6,387 24 2,468 3,169 2,153 1] 14,202 17
% - 45" o” 17" 227 15" (1]
Transport 1.1 Other (fishing and agricultur ::ep 50; . 12? . 6,9;30 . 77; 7:'» 3 8,468 10
Services 3.1 Electricity Generation Kktep 1,987 2,181 13,812 13,430 15,262 46,671
Domestic 1.3 A 4 5 30 20 33
Other (Agriculture, fishing) 4.9 Total source ktep 19,556 2,687 45,336 27,096 19,336 15,262
Electricity balance ktep -1,696
2. Other growth rates (%) f_":‘;:”c‘_'y generated x" 21,252 108,024
N ofal primary ene o
Population 0.6 primary energy o
GDP (billion 2010 USD) 1.9 Total final energy ktep 82,6802
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> ESC-BAU: Results Visualization

60,000 Primary Energy Demand - BAU Scenario Electricity Generation - BAU Scenario CO, Emissions
' 20,000 120,000 — sty
g 000 — I T 100,000
f‘}_ 40,000 ol %_ 15,000 / 2 5000 ——Transpan
:Ej 30,000 _:;::E § 10,000 :ZO.al § 60,000 =
£ 20,000 I g 5,000 ::e:: : é 40,000 _ Resieeat
S 10,000 & . Nugear 20,000 — ﬁ‘%m.e,
0 . . : : . 2020 2022 2024 2026 2028 2030 0 ——sea
2020 2022 2024 2026 2028 2030 Year 2020 2022 2024 2026 2028 2030
Year Year
Energy Demand Projection Electricity Generation Mix CO2 Emissions Trend
Visualizes the projected energy lllustrates the projected electricity Shows the projected CO2 emissions
demand over time for different sectors.  generation by source over the years. from different energy sectors over
time.
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> ESC-BAU: BAU Diagram
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Purpose /"’_\\\\ Losns _ kep. =t TRANSPORT 334 ktep
/o o\ _———{BTE0093 e 32147 keep 17 %
Provides a comprehensive overview of the ‘i?fi"’/, /V_ssg 2 i e
country's energy context in the Business-As-Usual ” _
/ 2 INDUSTRY 6,050 kiep
H COAL 3% 17,753 ktey JiE %
scenario.  268Thee w e 202
\,,___Zsz
7% RESIDENTIAL 6,305 ktep
NATURAL GAS 0174 4,020 kte 28 %
content 26,749 lep va 3 227/. ! 177 i 45',%;.
_ 251 —
lllustrates the contribution of each energy source i
i i i §<74 SERVICES 6,043 ke
to each sector, showing the conversion of primary P A 3 B seece 043 lep
. ( 18,868 kep 174 64.7
energy to final energy. NG
83% OTHERS 478 kiep
Utility o IS
Helps visualize the current energy flow and identify Hiessiois Balsss
. . . -1696 keep ELECTRICITY
areas for potential improvement in the energy -16% 46,000 kaep 17,554 kaep 19,250 kep
o 7
transition process. 106,425 kep 81371 ktep
100 ~1636| ktep 100 ¥
MOOC 2: Energy transition measurement and monitoring tools
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mj 4.4 Tool sections
> ESC-ET

Purpose Inputs Section

Models an energy transition scenario Allows modification of previously
proposing sustainable improvements established assumptions to create
for the country. different transition scenarios.
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Outputs Section

Can be modified according to the
criteria deemed necessary for the
specific ET scenario being evaluated.
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> ESC-ET

OuTRUTS
SPAIN ENERGY SIMULATION - ET
Application example: SPAIN Fopulation &0F Aty Franspert Services  Demestic Cher f(fishing and agricedfore]
I 5ghe
» P 0.6 19 01 11 21 13 49
*BAU scenario, which keeps the contribution percentages of each source Total growth for e perfed 1.006 1.019 1.001 101 1071 1.013 1.049
to the consumption of each demand sector CONSTANT OVER TIME. Total 4642 a3
* Electricity is generated with average generation output deducted from 2016 data.
* The nuclear contribution remains constant at the 2016 value, given the impossibility of increasing installed capacity. SECTOR Electicite ] 37 o 5.7 o] Adertoar Toral |
* The increase that nuclear should contribute is allocated to renewables. fractustrs: ktep 5.098 550 7 057 7 054 7 057 0 7856 72
*2% annual substitution of oil by biofuels introduced = T 7 T T Y & )
Fransporf Kon 338 1] 29802 362 1,984 1] 32,486 33
INPUTS & ra & & 7 & &
Data Calculation Constant Value Serwces i’fﬂﬂ b6.232 1} 1232 1921 246 1} 9.631 12
& &5 a" 5 a7 g &
1. Average annual rate of change in demand (%) Lemestic f’g’fm 5'3‘3; . 2; - 2'4?3 - 3'“22 - 2'1? . .g 14.202 L
Sector % Eher {fishing and agric, kiep 501 125 6.990 777 75 0 8468 10
Industry 0.1 = &Y i e & 7 &
Transport 1.1 Electicity Goneration  kep 1670 1,833 11,608 8851 15262 39223
Services 3.1 = o4 5 a7 a7 K
Domestic 13 Toiad soevce ktep 19,556 2,369 44,380 24892 15366 15262
Other (Agriculture, fishing) 4.9 Flectricity balance kiep -1.696
Electicifis generafed Kien 17.860
2. Other growth rates (%) Total primary erergee ke 100,573
Population 0.6 & = Y 4o £ & x5
GDP (billion 2010 USD) 1.9 Foral final enaror Kien 82602

INPUTS

Shows the input fields for modifying assumptions in the Energy
Transition scenario.
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OUTPUTS

Displays the calculated results based on the modified
assumptions for the ET scenario.
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> ESC-ET: Results Visualization

Primary Energy Demand - ET Scenario Electricity Generation - ET Scenario CO, Emissions - ET Scenario
60,000 25,000 140,000
= 20,000 = 120,000
g =l £ 20,000
= 40,000 o = g 100,000 —_— Industry
:;5 30,000 HaturmlGas g 15,000 N\ f’ = g 80,000 Transport
a5 / ——— Renewables LE 10,000 - =0l E 60,000 \vf e S 25
% 20,000 Nudear = T el £ Fesidential
£ > E 5,000 ——— Renewables w 40,000 o
< 10,000 a Nudesr 20,000 — O (agricure
0 0 e Electricity
02020 502 204 2006 2008 2030 2020 2022 2024 206 2028 2030 2020 2022 2024 2026 2028 2030 2032
Year Year Year
ET Energy Demand ET Electricity Mix ET CO2 Emissions
Visualizes the projected energy lllustrates the projected electricity Shows the projected CO2 emissions
demand in the Energy Transition generation mix in the Energy Transition  trend in the Energy Transition scenario.
scenario. scenario.
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It is proposed as an example to create an energy transition scenario for Spain in which the following
hypothesis is introduced:

Hypothesis VEn -
| ntro d u Ce a 2% a nn U a I S 4 bst|tut|o n Of O I I by Population GDP Industry Transport Services Domestic Other (fishing and agriculture)
biofuels in the energy mix. s TS T LR N . N
Total 46.43 1183

I m p I e m e n ta t I o n ,3’5?’:3;! ktep . ‘ 6,098 l 550 2,057 7,054 A 2,057 0 17,815 = 22
Modify the output section formulation to reduce —— i f{;: - 29,35: oy ,,95: o R ——
oil use for fuel and replace it with renewable Services k:rep ) e,z:;z, :o 1 z?} 1,93:;, zaE Zo 9,631 12
sources. Domestic f/:ep z 6,3:57 & 2: ' 2,416: ’ 3,12629 - 2,11553 & 3 14,202 17

Other (fishing and agriculture) ktep 501 3 125 8 6,990 3 777 75 0 8,468 10
G o a I Electricity Generation k::;:ep . 1 67:0 1,383:3 11,6;3 8,8;)2 15,2;22 39,223

Total source ktep 19,556 2,369 44,380 24,892 15,366 15,262

Demonstrate how small changes in energy policy
can impact the overall energy transition scenario.
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Therefore, the following equations must be entered for each year of calculation in the outputs section.

CONTRIBUTION (ktep)
SECTOR Electricity Coal oil Natural Gas | Renewables | Nuclear Total |%
Industry ktep 6,098 550 2,057 7,054 2,057 0 17,815
% £ 34" 3 12" 40 127 0
Transport ktep 338 0 362 1,984
% £ 1”7 0 5 0
Services ktep 6,232 0 0 9,631
% £ 65" 0" 0
Domestic ktep 6,387 24 0 14,202
% i 45" 0" 17" 22" 15" 0
Other (fishing and agriculture) ktep 501 125 6,990 777 75 0
% 6" 17 83" 9 1 0
Electricity Generation ktep 1,670 1,833 11,608 8,851
% 4 ] 30 23
Total source ktep 19,556 2,369 44 380 24,892 15,366 15,262
Electricity balance ktep -1,696
Electricity generated ktep 17,860
Total primary energy ktep 100,
% -2 2 44 25 15 15
Total final energy ktep 82,602
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Primary Energy Demand - BAU Scenario

Primary Energy Demand - ET Scenario
60,000 60,000
— 50,000 —
§ — | E SD"':H:H} Coal
= 40,000 il X 40,000 oil
= )
EI:I Matural Gas g Matural Gas
d 30,000 < 30,000 -
L e e newables i Renewables
- -
IE 2'}_.':“]} — — Nuclear IE EGJEHII' /,r"'—_ Mutlear
& 10,000 & 10,000
] . : : , 0 T . . |
2022 2024 2026 2028 2030 2022 2024 2026 2028 2030
Year Year
Energy Mix Comparison Emissions Reduction
Visualizes the difference in energy mix between the Business As lllustrates the potential reduction in emissions achieved through
Usual and Energy Transition scenarios. the Energy Transition scenario.
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** Key Takeaways from the Energy
4 Planning Module

1 Scenario Comparison

The tool enables a clear comparison between Business As Usual and Energy Transition scenarios, highlighting potential benefits
of policy changes.

2  Flexibility

Users can easily modify assumptions and inputs to model various energy transition strategies and their impacts.

3 Comprehensive Analysis

The tool provides insights into energy demand, electricity generation mix, and CO2 emissions, offering a holistic view of the energy
system.

4 Decision Support

By visualizing potential outcomes, the tool aids policymakers in making informed decisions about energy transition strategies.
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UNIT 5
GENERA TOOLS:

STRATEGY EVALUATION
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monitoring tools
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UNIT 5. GENERA TOOLS:
STRATEGY EVALUATION

INDEX

Strategy evaluation method 1
2 Calculation tool
Strategy evaluation tool 3
4 Selection of the most promising energy

policies
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ﬁ 5.1 Strategy evaluation method

Purpose Key Components

This unitfocuses on tools and Not only are the technical or economic

L S e parameters of the implementation of

different energy transition strategies
using the GENERA framework.

sustainability-related measures, such as
photovoltaic solar energy in isolated
communities, considered, but also the
environmental, social and political

variables involved in the final decision

MOOC 2: Energy transition measurement and monitoring tools

“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held 54

responsible for them.”

UNIVERSITAT
POLITECNICA
DE VALENCIA

Outcome

The Analytical Hierarchical Process
(AHP) method is proposed to be used
to obtain the solutions that best meet
the municipal needs. Participants will
learn how to effectively compare and
evaluate various energy transition
pathways to inform policy decisions.
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5.1 Strategy evaluation method
Method

The method proposed by the GENERA project consists of facilitating training in quantitative energy terms (calculation of energy saved per
measure and CO2 emissions mitigated), as well as providing training in the use of multi-criteria techniques that allow the joint evaluation of
quantitative and qualitative aspects.

1. Calculation Module 2. Strategy evaluation module
Graphic Alternatives Total |Normal | Ideal | Ranking
I 4} Ene rgy savings {kWh !yea r} 56?445 943 CAlLl Improv]ng::]:a]ér:;;atlon of municipal 00181/ 0.0549 [l0.2733 8
- CAL2 Improvement of municipal lighting 0.0101] 0.0306 (01522 11
(] CA1.3 Heating, ventilation and air-conditioning _ 3 !
C’; CO2 emissions saved per year (kgCO2 eq) 453956.7544 VYT e e e S i s L
consumption 00605 0.1831 09118 z ° Qualltatlve and
CALS Municipal Transport Reposition 0.0197) 0.0596 |0.2967 7 A A .
CAZ.1 Industrial Process improvement 0.0031] 0.0094 | 0.0469 13 q uantitative evaluation of
CA2.2 Renewal of industrial equipment 0.0034( 0.0104 00517 12 a ct i o n s
. . . . CA2.3 Improvement of Industrial buildings 00031 0.0093 [0.0461 14
. Actlon§ to- be included in the action plan S g o o e I o T - Ranking of the most
* Qua':‘tltatlve re.su It.s . R CA32 Netwo;ko:li\-’ :;ch;lrching points uiuzﬂ 0?083? [1:411‘39 5 prom iSing measu res
° PrOV|des techr"cal |nformat|on to po“cyma ke rs CA3.3 Promoting public transport 0.0272] 0.0823 [0.4100] 6
CA4.1 Ecomovil O.0130( 0.03594 [0.1962 9
CA4.2 Information stands OO29E] 00902 |0.4490 4
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2. Strategy evaluation module
Representing the problem in a hierarchical structure allows to get an
overview of the whole process and at the same time to analyze whether
the model adequately represents the relative magnitude of each criterion.

« Level 1: in reference to the different areas that affect the
municipal level.

« Level 2: the indicators that affect each level.

« Level 3: each of the strategies is evaluated according to the
previous levels.

111
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@i 5.1 Strategy evaluation method

MODULE 4
MULTICRITERIA DECISION-MAKING

PROCESS

OBJECTIVE

v ,
(I‘,.,~ MUNICIPALITY
v v v ¥
TECHNICAL ECONOMIC SOCIAL ENVIRONMENTAL POLITICAL
v ¥ v v ¥
* C0; Emissions .
) . * Political
; I'édaturltg Investment :En:Ei?’;L:ent Acceptance
+ Deman * 5 ibili
i . * Compatibility
Eweragi ?gfl I;::Sirements with national
+ EXCess o * i
51 . energy policy
EIECFFIEIE_‘,T Rengwal:ule objectives
« Efficiency fraction

' |
STRATEGY 3 J

STRATEGY 1 STRATEGY 2
I—\l’ J(—I ... STRATEGY N
W
MULTIDISCIPLINARY \
EXPERT's VALIDATION /
ET

[ RAKING OF BEST

STRATEGIES

|
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5.2 Calculation Tool
G g
Method
: : o INFERENCE
Tool implemented in excel spreadsheet that allows to calculate emission MODULE 3

oft

DESCRIPTION: It seeks to adapt the measures to the municipality that applies the tool, performing the calculations based on the information

a n d e n e rgy Sa VI n gs fo r C e rta I n m e a S u re S Of m u n i C i p a | i n te reSt’ provided by the user. The more information, the more it adapts to the municipality of analysis. @

erforming the calculations based on the information provided by the O
P 8 P y ifh bhuvessae SRIMER Ol [} vlieeso
user. The more information, the more it adapts to the municipality of or vALEes B c.oca - SO ATTE

Ly

analysis. ZREAD S.A.
- I‘ Development Agency of South Aegean Region
* Municipal Buildings and Public Facilities: This section includes all pisclaimer:
actions related to muniCipal buildings and equipment under the "Funded.by the European Union. Views an(! opiniens exprelssed are however thgse of the authorf(s) only an.d do not
o . . necessarllyre.zﬂectthoseofnthe European Union or CINEA. Neither the European Union ner the granting authority can be
responsibility of the city council. held responsible for them.
* Industry: This section includes all industry-related actions and an incentive
programme for energy saving and efficiency and the use of renewable ®
energy in housing and SMEs. This section has the aim of reducing final 202, AWARENESS
energy consumption and CO2 emissions B coovi
« Transport: This section includes information and actions related to the ?'E"“’gy savings (kiWhiyear) [ szass]
improvement of transport at municipal level. L g [COZ emissions saved per year (kaCO2 ea)] w57
. . . . . . -Infurmalinn stands
« Awareness: This section includes information and actions related to [} [Erray savings (&Widgean ]
recycling and environmental awareness of citizens & (COZ omissions saved per yosr (a0 sal] Tz
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5.2 Calculation Tool

Municipal Buildings and Public Facilities

Improving the insulation of municipal buildings

Window improvements (replacement of glass) and facade insulation.

Improvement of municipal lighting

Replacement of luminaires with more efficient luminaires

Heating, ventilation and air-conditioning systems

Improvement of heating, cooling and DHW systems.

Introduction of renewable energies and self-consumption

Possibility of integrating renewable energies such as: solar thermal, photovoltaic and biogas, as well as
introducing self-consumption at municipal level.

Municipal vehicle fleet

Current municipal vehicles: retired versus purchased with new technologies (hybrid and electric).

Industry

Process improvement

It focuses mainly on actions to improve energy metering and monitoring elements, as well as
energy optimisation.

Renewal of equipment

Replacement, renovation and improvement of process machinery with more energy-efficient
ones.

Industrial buildings

Improvement of insulation, renovation of installations, air-conditioning and lighting systems.

Change of energy vector

Diversification of energy sources to less polluting ones and replacement of heating and
pumping equipment with more efficient sources.

MOOC 2: Energy transition measurement and monitoring tools
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Input Data

Window’s materials and isolation

N° of Bulbs and replacements

Heating and cooling Demand

Type of heating/cooling systems, Fuel,
Equipment available, coolant, fans etc.
Annual Electrical Demand: type of
building, Surface, DHW Demand etc.
RE Available and technologies

Vehicles to replace with EV

Incentive lines depending on the industry
sector

Actions to be implementend througout
the sector: equipment, efficiency, energy
generation, type of process etc.
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Transport

@i 5.2 Calculation Tool

Cycling Routes

Emission savings per km of cycling compared to conventional vehicles.

Network of EV recharching points

Emission savings per installed recharging point

Promoting public transport

Municipal transport-related awareness-raising measures

Awareness

Ecomovil

Installation of ecomovils in municipalities to promote recycling

Information stands

Different measures to promote environmental awareness and responsible
consumption at the municipal level

MOOC 2: Energy transition measurement and monitoring tools
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Input Data

Inhabitants

Distance of the cycleway to be builted-up
N° of EV Chargers and power

Measures related to promotion of public
transport: speed zones, fees, tolls etc.

Inhabitants

Awareness plan

Events: school, associations, citizens etc.
Recycling points

Bonuses for self-consumption
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@i 5.2 Calculation Tool
Results E C ® i

RESULTS

DESCRIPTION: This section shows the resuits of the different cotegories defined in the tool.

 For each action is obtained: |
« Energy Savings (kWh/year) |

[ T
@ | MUNICIPAL BUILDINGS AND PUBLIC FACILITIES

« (CO2 emissions saved (kgCO2 eq)

-Impruved insulation of municipal buildings

G) |Energy savings [k'whivear] | 1058858.15?|
M emissions saved per year ]
- The results will be used as quantitative information for boes e —
-Impruvement of municipal lighting
th e n eXt m O d U I e o G) |Energy savings (kwhivear] | 1855.?|
t‘; [CO2 emissions saved per year (kgCO2 eq)| 580.065|

-Heating, ventilation and air conditioning systems

m |Energy savings [k'whivear] | 15228_?5|

t‘; |CD2 emizsions saved per vear [kgCO2 eq]| ?515,134243|
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Tool

As a support tool, the “Super Decisions” software is used
as a decision support method that implements the AHP.
The objective would be to achieve a planning of
measures according to the municipal casuistry.

Features

» Free software

« Allows you to easily define the elements, their
relationships, enter the importance of the relationships
and obtain the results.

» The program is implemented in Spanish and English,
selectable from the menu
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@ Super Decisions Main Window: RHODES.sdmod -
File D

are Computations Networks Help

esign  Assess/Comp. : -
B0E 8 DEEL]
O 2Criteria @@/

1 Goal Nodel B1 Technicall
\ B2 Economicl
B3 Sociall
| |

B4 Ecological Impact|

BS Politicall
\" CA2.1 Industrial Process improvementl

CA2.2 Renewal of industrial equipmentl

Alternatives

CA1.1 Improving the insulation of municipal buildingsl

CA1.2 Improvement of municipal IightingI

CA1.3 Heating, ventilation and air-conditioning systemsl

CA1.4 Introduction of renewable energies and self—consumptionl

CA1.5 Municipal Transport RepositionI

CA2.3 Improvement of Industrial buildingsl

-

B1.1 Maturity
B1.2 Municipal RE Share (%)l
B1.3 Annual Energy Savings (MWh)l

CA2.4 Change of energy vectorl
CA3.1 Cycling Routesl
CA3.2 Network of EV recharging pointsl

B1.4 Municipal Energy consumption share

CA3.3 Promoting public transportl
B1.5 Annual R Energy Production (MWh)l

CA4 .1 Ecomovill

CA4.2 Information standsl

B1.6 Implementation Ratel

R?2 1 Invactmant ((:"\I



https://www.superdecisions.com/
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wj 5.3 Strategy evaluation tool
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Indicator

Criteria to which it applies

Level 1 and 2 are entered into the tool,
and the corresponding connections are
made between them according to the
following table.

QQ Technical

¢y Ecological impact
&, Economic
a2& Social

e Political

Maturity

Municipal RE Share (%)

Annual Energy Savings (MWh)
Annual RE Production (MWh)
Implementation Rate

Investment

Annual Profitability (kWh/€)
Available Funding and Grants
Public Acceptance

Job Creation

CO2 Emissions Reduction (tC0O2)
Biodiversity Impact

Land Change of Use

Political Acceptance

Compatibility with national Policies
Compatibility with regional Policies
Compatibility with EU Policies

S0 oo

&

O Qg Oy Oy Oy

8o oo o0

d oOH

B Kb EP

Kb Bk EF EF BF
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ﬁ 5.3 Strategy evaluation tool

Evaluation

Each of the indicators should be evaluated and
weighted according to the relative importance of
(technical, social,

each criterion ecological,

economic and political impact).

Weighting
For this purpose, weights (from 1 to 10) are
assigned to each of the indicators.

Procedure

The same procedure is carried out for each of the
alternatives or proposed actions.

Comparisons wrt "B1 Technical"

P NS0 A NP

10
11
12

13.
14.

15
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B1.1 Maturity

B1.1 Maturity

B1.1 Maturity

B1.1 Maturity

B1.1 Maturity

B1.2 Municipal ~
B1.2 Municipal ~
B1.2 Municipal ~
B1.2 Municipal ~

. B1.3 Annual Ene~
. B1.3 Annual Ene~
. B1.3 Annual Ene~
B1.4 Municipal ~
B1.4 Municipal ~
. B1.5 Annual R E~

node in "4 Indicators" cluster
B1.2 Municipal RE Share (%) is moderately more important than B1.1 Maturity
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mi 5.4 Selection of the most promising energy policies
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After performing the simulation or synthesizing the —————————————————————

Csraphic Alternatives Total | Mormal | Ideal |Ranking
whole model, the results will be obtained for each of CALl 'mpm‘*iﬂﬂﬁg_ﬁ;ﬂ“ﬂn of municipal 1, o011 0 0549 02733 8

CA1.2 Improvement of municipal lighting 0.0101({ 0.0306 (10.1522 11

CAl.3 Heating, ventilation and air-conditioning
systems

the alternatives or actions in this case.

(.0o64| 02008 {|1.0000 1

CAl.4 Introduction of renewable energies and self-
consumption

T | .| |

. 0.0605)| L1831 [j0.9118 2
« The Normal column presents the results in the

CA L5 Municipal Transport Reposition L0197 0.0396 ([0.2967 7

form of priorities_ This is the wusual way of CAZ2.1 Industrial Process improvement 0.0031][ 0.0094 [0.0469] 13

. CA2.2 Renewal of industrial equipment (L0034 0.0104 ({00517 12

reporting the results. CA2.3 Improvement of Industrial buildings  [0.0031/{ 0.0093 [j0.0461] 14

. . CA24 Ch f energy vect 0.0110| 0.0333 [0.1636) 10

+ The Ideals column is derived from the Normals | R

CA3.1 Cycling Routes 0.0373|| 0.1130 (05625 3

COlumn by dIVIdIng eaCh Of Its entries by the CA3.2 Network of EV recharching points 0.0277|| 0.0837 | 0.4169 5

d : CA3.3 Promoting public transport V272 000823 ({04100 f

hlgheSt value in the column. CA4.1 Ecomovil 0.0130 0.0394 [0.1962] 9
 The ranking column shows the final result of the L | CAdZinformanionsands 00798)00%02 A%l 24

order of alternatives.
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Ranking of measures

> The results can be expo rted and Introduction of renewable energies and self-consumption
more visual graphs can be information stands
Obtained. Cycling Routes

Heating, ventilation and air-conditioning systems
Promoting public transport

Improvement of municipal lighting

Network of EV recharching points

Improving the insulation of municipal buildings
Improvement of Industrial buildings

Municipal Transport Reposition

Change of energy vector

Renewal of industrial equipment

Ecomovil

Industrial Process improvement

)
o
=
o
[N)
©
w
o
~
o
%)
o
o
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UNIT 6

CASE STUDIES USING THE
MONITORING TOOL

MOOC 2: Energy transition measurement and
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UNIT 6. CASE STUDIES USING THE
MONITORING TOOL

INDEX

Introduction to case studies 1
2 Case study in Spain
Case study in Italy 3
4 Case study in Greece
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o
wi 6.1 Introduction to Case Studies

Purpose Learning Objectives

This unit presents real-world case Understand how the tool is used in
studies demonstrating the application practice, interpret results, and apply
of the GENERA Monitoring Tool in insights to different scenarios.

various contexts.

Case Studies

The case studies to be evaluated are located on the island of Ibiza (Spain), Sardinia

(Greece) and Rhodes (Greece).

MOOC 2: Energy transition measurement and monitoring tools
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Outcome

Gain practical knowledge on using the
GENERA tool for energy transition
planning and monitoring in diverse

\

Sardinia (Italy)

\ \

settings.

Ibiza (Spain) Rhodes (Greece)
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wi 6.2 Case Study 1: Ibiza (Spain)

DE V/\LENCI/\

. . | SPAIN 2,022 |
»  Study of the Spanish National Context
/ a N\ s ot e T
44,530 ktep .. ) .. am: = '1.’07:
GENERA tool \‘f” ;/
Application of GENERA's energy planning tool 7 o S E—| N
\ 2,651 kiep ) 22 3.2 %
Refe rence Data ﬁd RESIDENTIAL E,305 ktep
. . NATURAL GAS 14.020 ktep JEE M
Data entered in the tool take 2022 as the reference year (since 2023 26,749 oep e 0%
is incomplete for some sectors) (International Energy Agency). — - A SEAVIEES -
RENEWABLES T 1863 202 3,338 ktep v
18,888 kiep _—4 2iPs B4.7 1
Energy Balance Cﬁf"_;
QOil is the main source in the transport sector and in other sectors Mucteas B 478 aep
4.3 o 58 %
such as agriculture, fishing, etc. On the other hand, natural gas is -
Electricity Balance 2050 G
more involved in the industry, residential and service sectors. In G 3w 0| 5000 ks |55 kep 2250 e
L. . L. . PRIMARY ERERGY | 00 15262 33 —FINACERERGY | o
addition, in electricity production, natural gas and renewables are the 6425 keep assefoep |00

main producers.
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»  Study of the Spanish National Context

Primary Energy Demand - BAU Scenario Electricity Generation - BAU Scenario CO, Emissions
60,000 20,000 120,000 —— ndusty
= 50,000 o e = 100,000
E X 15,000 / _ e Transport
=< 40,000 —il X 80,000
E Natural Gas @ ——— ; — SErViCes
E 30,000 R £ 10,000 — g 60,000
E 20,000 o Nuclear E 5,000 ::1:1;:2 E 40000 _ ——Fedema
£ 1000 E — 20,000 —_— T por
0 —glse'!mdly
02020 222 2004 2006 2008 2030 w0 2024\{ ear 06 aem 2030 02020 2022 2024 2026 2008 2030
Year Year
Spain's energy context is characterized by the use of Natural gas also shows a growing trend and greater
oil mainly for the transport sector, which in turn involvement in the industrial, residential and
generates most of the country's emissions. There is a service sectors.

growing trend towards the use of renewable energy, In terms of emissions, the most damaging sector is

mainly for electricity production, but also for transport, followed by electricity generation.

residential use.
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ﬁ 6.2 Case Study 1: Ibiza (Spain)

» Summary of actions of Sant Antoni de Portmany (lbiza)

Context Challenges

Located in the northwest of the island of Ibiza. The « It has set the promotion of renewable energies so that they

municipality has an area of 12,662 hectares and a represent at least 32% of the energy consumption of the municipality

population of 27,431 inhabitants. in the year 2030.

« Increase the city's energy efficiency by 32.5% by the year 2030, with

After signing the Covenant, it should consider “the respect to 2005 energy consumption.

adaptation of structures including the allocation of - The global emissions reduction target for the year 2030 represents a

adequate human and economic resources” as a formal reduction of 63.838.23 tons of CO2.
commitment

GENERA tool
Application of the GENERA inference module.
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Actions

The main actions included in the generation tool are as follows

G Municipal Buildings And Public Facilities

« Indoor lighting renovation

« Substitution Of Lights For More Efficient Ones
 Installation of aerothermal energy in municipal facilities

« Photovoltaic solar energy installations

« Replacement of municipal vehicles with more efficient ones

MOOC 2: Energy transition measurement and monitoring tools

@i 6.2 Case Study 1: Ibiza (Spain)

» Summary of actions of Sant Antoni de Portmany (lbiza)
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g |

unicipal lighting

BUILDINGS
St e the st

[1] Current Bulbs CFL yFluorescentes

[2] New Bulbs LEDs=

Lhter manisl

Number ot luminaires o

20

STREETS
St ST the dist

[1] Current Bulbs Mletal Halogen |
[2] New Bulbs LEDs |
Lhter manusl

be replaced 50

Enerqgy saving [k¥hiYear])

CO2 emissions save d per year [kgCO2 eq)

Lhter manus

[1] Maz. Fower [W])

[2] Maz. Power
Lhter manus
Hours of use [h] [SUMMER]. _

Lhter manus)

Llefaelt pale

75

Lhter manus)
el Hours of use [h) [SUMMER]

"W Hours of use () [VINTER]. [

Llefaelt paie

10
14

Llefawt yaive
42

33
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» Summary of actions of Sant Antoni de Portmany (lbiza)

Actions

LOCATION

|
. | |
8% ‘ Cycling Rnutes‘ BALEARES
Inhabita ”‘

G Transport

« Increase of cycling routes

« Network of EV recharging points

« Measures to promote public transport and reduce private vehicle use

¢ Awareness

« Awareness-raising information stands
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>  Multicriteria Decision in Sant Antoni

. . . . . Alternative Rankings
Municipal priorities
. . ) . ) L . ) . Graphic Alternatives Total |[Normal|| Ideal |[Ranking
Considering the priorities established by the municipality, the criteria CAL1 Improving the insulation of municipal buildings __[0.0181]0.0549 [0.2733] 8
used tO pI’IOFItIZG the dlfferent |eve|S are as fO”OWS. CA1.2 Improvement of municipal lighting 0.0101} 0.0306 ||0.1522 11
) E || CA.3 Heating, ventilation and air-conditioning systems ||0.0664|| 0.2008 ||1.0000|| 1
- Raise awareness and educate citizens about climate change. I e cone imse—
.. CAZ2.1 Industrial Process improvement 0.0031| 0.0094 ||0.0469|| 13
* Promote ene rgy efficien Cy an d the use of renewable sources. CA2.2 Renewal of industrial equipment 0.0034] 0.0104 [0.0517] 12
CA2.3 Improvement of Industrial buildings 0.0031|| 0.0093 ||0.0461 14
« Encourage responsib|e resource management \E CA2.4 Change of energy vector 0.0110( 0.0333 [0.1656] 10
] CA3.1 Cycling Routes 0.0373 0.1130 [0.5625] 3
. DeSIgn 3 SUStaInab|e and eff|C|ent mun|C|pa||ty F CA3.2Nenvorkof:EVrecl.larchingpoints 0.0277 0.0837 ||0.4169 5
CA3.3 Promoting public transport 0.0272|| 0.0823 |0.4100 6
CA4.1 Ecomovil 0.0130(| 0.0394 ||0.1962 9
CA4.2 Information stands 0.0298| 0.0902 ||0.4490 4
GENERA tool

Application of the multi-criteria module and software SuperDecisions
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> Results

Ranking of measures in Sant Antoni

Heating, ventilation and air-conditioning systems
Introduction of renewable energies and self-consumption
Cycling Routes

Information stands

Network of EV recharching points

Promoting public transport

Municipal Transport Reposition

Improving the insulation of municipal buildings
Ecomovil

Change of energy vector

Improvement of municipal lighting

Renewal of industrial equipment

Industrial Process improvement

Improvement of Industrial buildings

o

01 02 03 04 05 06 07 08 09 1

6.2 Case Study 1: lIbiza (Spain)

ENERGY

CO:z
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PRIORITY ACTION SAVINGS SAVINGS CATEGORY
(MWh/year) (tCO2e)
1 Heating, ventilation and air-conditioning 16.23 251 Mur.ll.c!pal
systems- facilities
2 Introductl9n of renewable energies and self- 56.10 2594 Mur.u‘c!pal
consumption facilities
3 Cycling Routes - 856.10 Transport
4 Information stands 33.55 77.22 Awareness
5 Network of EV recharging points 2931.68 Transport
6 Promoting public transport 37.86 Transport
7 Municipal Transport Reposition 18.93 Mur.ll.c!pal
facilities
8 Improving the insulation of municipal buildings 1056.95 475.63 Murlll‘c!pal
facilities
9 Ecomovil Awareness
10 Change of energy vector Industry
. . Municipal
1 Improvement of municipal lightin 1.95 0.88 e
P patlighting facilities
12 Renewal of industrial equipment Industry
13 Industrial Process improvement Industry
14 Improvement of Industrial buildings - - Industry
TOTAL 1164.78 4430.95
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responsible for them.”
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»  Study of the Italian National Context

| ITALY 2,022
G E N E RA tOOI - ih_ sssss TRANSPORT TE4 ktep
Application of GENERA's energy planning tool N /

Reference Data e
Data entered in the tool take 2022 as the reference year (since 2023

a3 1672 (574 RESIDENTIAL 5,565 ktep
(1P 0————— 0.00x 28,588 kep s
SZw 25 185 x

NATURAL GAS
D523 keep

is incomplete for some sectors) (International Energy Agency).

Energy Balance <

SERVICES 5.165 kiep
13,948 kiep ET TN
123 58.6 %

18,65

The use of fossil fuels such as oil, mainly for the transport and

agriculture/fishing sectors, and natural gas for the industrial,

residential and services sectors, as well as for electricity generation, —[ cLecracTy } i
. s . [ PRIMARY ENERGY | 0 1} 0 FINAL ENERLGY

are particularly relevant. In addition, renewables are also especially HDS bep otles |0 e

significant in the residential sector

MOOC 2: Energy transition measurement and monitoring tools
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»  Study of the Italian National Context

Primary Energy Demand - BAU Scenario Electricity Generation - BAU Scenario CO, Emissions
60,000
25,000 160,000 sty
= 50,000 = 140,000
£ o g 20000 . 120,000 —_— ——Transport
= 40,000 —il = z
§ Natural Gas @ 15,000 Coal E 100,000 s SETVICES
g 30,000 . 2 —ail S 80,000
- enewanies 10’000 E e Residential
£ 20,000 — z Natural Gas £ 00000
E E 5’000 Renewables 40,000 e — e Other
o o (Agriculture,
10,000 . et 20,000 frhinel
0
0 T T T T ' 2020 2022 2024 2026 2028 2030
2020 2022 2024 2026 2028 2030 v 2020 2022 2024 2026 2028 2030
ear
Year Year

Italian energy context is characterized by the use of Natural gas also shows a growing trend and
natural gas and oil mainly, whose major contribution is  greater participation in the industrial, electricity
divided between the transport and electricity generation  generation, residential and services sectors.

sectors. Renewable energies are more involved in the The most damaging sector in term of emissions is

residential and electricity sectors and there is a growing electricity generation, followed by transport.

trend mainly for electricity production.

MOOC 2: Energy transition measurement and monitoring tools
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» Summary of actions of Stintino (Sardinia)

Context Challenges

Stintino is a town in the Italian province, region of .
Sardinia, with 1,212 inhabitants.

Actions planned in relation to new buildings and the increase of
existing buildings with higher performance.

« Improvement of accessibility conditions in the urban area:

The municipality of Stintino joined the Covenant of transportation methods, bicycle lanes and pedestrian areas.

Mayors initiative with the main objective of reducing . Reduced dependence on conventional energy sources.

CO, emissions by 20%. -« Implementation of awareness, training and citizen participation

processes to improve sustainability and education in terms of
energy consumption.

GENERA tool
Application of the GENERA inference module.

MOOC 2: Energy transition measurement and monitoring tools
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» Summary of actions of Stintino (Sardinia)

Actions
The main actions included in the generation tool are as follows

G Municipal Buildings And Public Facilities

Solar Energy System?

Batteries for storage?

PHOTOVOLTAIC

Surplus compensation

« Improving energy efficiency in municipal buildings Buing rgy onsumpion (K y=ar) 20
. . . . . Types of solar collector _ Performance (%) -llecmrs ize (W) ]
« Substitution Of Lights For More Efficient Ones ———rr e

« Improvement of building conditioning = i

Stored Energy (kWh)

“

 Introduction of renewable energies in public buildings

Energy savings (kWh/Year) [ 254773.51 | $
« Replacement of municipal vehicles with more efficient ones P P E Nt

MOOC 2: Energy transition measurement and monitoring tools
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» Summary of actions of Stintino (Sardinia)

Actions

oooooooo

G Industry |

Please select the indusery line in'which the measures apphy

Change of energy vector

In the tertiary and productive sector, measures and = ]

Process improvemsnt

promotion of environmental management tools are also
introduced to improve industrial buildings.

G Transport

* Increase of cycling routes

« Network of EV recharging points

« Measures to promote public transport and reduce private vehicle use

MOOC 2: Energy transition measurement and monitoring tools
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» Summary of actions of Stintino (Sardinia)

Information stands

Actions & |

‘ Select the actions you plan to implement in your municipality

G Awareness

This category includes raising public awareness, creating
communication and awareness plans, workshops for o

Bl (property and real estate tan)

schools and energy consumption reduction strategies.

ICIO [Construction and works tax) ®

In addition, discount rates for sustainable bioclimatic Y Bz oty T

Muricipal Fees

constructions are also proposed.

Responsible energy consumption
strategies

CD2Z emissions saue d per year [kgCD2 eq) | 43911340

Energy saving [KWhiTear] [ I6465.345 | m
| My

MOOC 2: Energy transition measurement and monitoring tools
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>  Multicriteria Decision in Stintino

Municipal priorities
Considering the priorities established by the municipality, the criteria used to
prioritize the different levels are as follows:

Alternative Rankings
® Ad a pt th e m u n I CI pa | Ity S p u b | I C fa CI | Itl eS . Graphic Alternatives Total |[Normal| Ideal [Ranking
CAL.1 Improving the insulation of municipal buildings 0.0146| 0.0441 |0.1219 8
A . . . . HEC CAL.2 Improvement of municipal lighting 0.0190( 0.0571 |0.1578 6
[ ]
| nVO |Ve C VI I SOCI ety to d eve | O p a n d Im p rove th e a Ctl O n p | a n Wlth C Itlze n CA1.3 Heating, ventilation and air-conditioning systems 0.0268| 0.0809 |0.2234 4
E CA1.4 Introduction of renewable energies and self-consumption||0.1201| 0.3622 | 1.0000 1
awareness. CAL.5 Municipal Transport Reposition 0.00850.0257 0.071L] 11
CA2.1 Industrial Process improvement 0.0044| 0.0134 (0.0370|| 14
. . . . e . . CA2.2 Renewal of industrial equipment 0.0060( 0.0182 [0.0501 12
°
Reduce energy Consumptlon through aCtlonS N mun|C|pa| bUlldlngS. CAZ2.3 Improvement of Industrial buildings 0.0121] 0.0366 |0.1010 9
CA2.4 Change of energy vector 0.0091] 0.0273 |0.0755 10
« Inclusion of PV systems in buildings and land in the municipality, as well as £ CA3.| Cycling Routes__ 0.0337]0.1015 [0.2803] 2
CA3.2 Network of EV recharching points 0.0185| 0.0556 |0.1536 7
. o e . . T CA3.3 Promoting public transport 0.0215] 0.0649 |0.1790 5
promoting their installation at the individual level. CAd 1 Eoomond 5.0055 00167 lo0seal 13
CA4.2 Information stands 0.0317| 0.0956 0.2640 3

« Development of heating with cogeneration plants.

GENERA tool

Application of the multi-criteria module and software SuperDecisions

MOOC 2: Energy transition measurement and monitoring tools
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> Results

6.3 Case Study 2: Sardinia (Italy)

Ranking of measures in Stintino

Introduction of renewable energies and self-consumption  —  —

Cycling Routes

Information stands

Heating, ventilation and air-conditioning systems
Promoting public transport

Improvement of municipal lighting

Network of EV recharching points

Improving the insulation of municipal buildings
Improvement of Industrial buildings

Change of energy vector

Municipal Transport Reposition

Renewal of industrial equipment

Ecomovil

Industrial Process improvement

MOOC 2: Energy transition measurement and monitoring tools
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ENERGY CO:z
PRIORITY ACTION SAVINGS SAVINGS CATEGORY
(MWh/year) (tCO2e)
Introduction of renewable energies and ici
1 ) & 277.77 124.12 Municipal
self-consumption facilities
2 Cycling Routes - 26.80 Transport
3 Information stands 36.47 43.91 Awareness
Heating, ventilation and air-conditionin ici
4 & & 15.52 6.94 Municipal
systems facilities
5 Promoting public transport 0.015 Transport
- Lo Municipal
6 Improvement of municipal lighting 27.60 12.33 fadilitios
7 Network of EV recharging points 366.55 Transport
Improving the insulation of municipal ici
8 proving pa 1.45 0.65 Municipal
buildings facilities
9 Improvement of Industrial buildings 1279.30 571.85 Industry
10 Change of energy vector - - Industry
.. . Municipal
1 Municipal Transport Reposition 1.15 facilitios
12 Renewal of industrial equipment Industry
13 Ecomovil Awareness
14 Industrial Process improvement Industry

Disclaimer: “Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held

responsible for them.”

TOTAL 16019.74 1154.32
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»  Study of the Greek National Context

GENERA tool
Application of GENERA's energy planning tool

Reference Data
Data entered in the tool take 2022 as the reference year (since 2023

is incomplete for some sectors) (International Energy Agency).

Energy Balance

High presence of oil in all sectors, although it stands out mainly in the
transport sector, and others such as agriculture and fisheries. Natural
gas is most involved in electricity generation, followed by the industrial
and residential sectors. Renewable energies are also producers of
electricity and have a great impact on the residential sector

MOOC 2: Energy transition measurement and monitoring tools
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»  Study of the Greek National Context

Primary Energy Demand - BAU Scenario Electricity Generation - BAU Scenario CO, Emissions
12,000 4,000 35,000
& 10,000 = o = 3,500 30,000
£ 8,000 ail & 3,000 ¥ 25,000 industry
. o g 2,500 e Col Z 30,000 e e nsport
3 6,000 e g 2,000 o g Y
U:J e Renewables L 1,500 I E 15.000 — S rVices
= 4,000 g Natural Gas E Residential
— | (1] —
E ! ke § 1‘000 . Renewsables b 10;000 other (agrical
= —_ — er riculture,
e 2,000 a 500 e NUClear 5,000 fishing)
0 e Electricity
D _————_
0 T T T T 1 2020 2022 2024 2026 2028 2030
2020 2022 2024 2026 2028 2030 Vear 2020 2022 2024 2026 2028 2030
Year Year

The Greek energy context is mainly characterized by the use of oil  The sector that emits the most emissions is the
and natural gas in sectors such as transport and agriculture electricity generation sector due mainly to coal,
and fishing. and it is followed by transport.

Renewable energies are more involved in the residential and
electricity sectors. There is a growing trend in the use of renewable

energies, mainly for electricity production.

MOOC 2: Energy transition measurement and monitoring tools
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»  Study of the Greek National Context

Context Challenges

Smallest inhabited island of the Dodecanese withan . |t has a large photovoltaic park and the installation of solar energy

area of 28 km2. Itis part of the regional unit of facilities is planned. It is estimated that the island's energy needs

Rhodes. It has a permanent population of 330 can be covered.

inhabitants (increasing during the summer months). . The municipality has set itself the target of reducing CO, by 105%
by 2030, which exceeds the required 40% by far, so the emissions
must be very demanding.

GENERA tool
Application of the GENERA inference module

MOOC 2: Energy transition measurement and monitoring tools
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>

Summary of actions of Halki (Greece)

Actions
The main actions included in the generation tool are as follows

G Municipal Buildings And Public Facilities

Improving energy efficiency in municipal buildings

Substitution Of Lights For More Efficient Ones

Improvement of building conditioning

Introduction of photovoltaic solar energy for power production
Replacement of municipal vehicles with more efficient ones

MOOC 2: Energy transition measurement and monitoring tools
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& ‘ Heating, ventilation and air conditioning systems ‘

Select the aption that bestsuitsyourcurrent system:
Heating and cooling in a single sustem, independent OH'W

Click an the number that comesponds tathe
chosen option:

i eal @ 2915.07 ]
[ cew |
NEW SYSTEM

Fleasze select the tpe of system to be uzed
Heating and cooling in 2 single sustem, independent OH'

Click on the number that corresponds to the chosen
option:

BAIT.3 |

3550.307 |

Daily Energy Savings [EWhiYear 2997.90 m
— I
CO02 Emissions Saved Annual [gCD2 eq) 1798732 a'
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» Summary of actions of Halki (Greece)

Actions Py

Premoting public transport

‘ Please select the measures applied in the promotion of public transport:

G Transport

Emissions saved by
Share CO2 savings Apply municipality
(kg of carbon dioxide )

 Increase of cycling routes

« Promoting public transport

Tolls (depending on rush hour or
not)

¢ Awareness e
« Implementation of Ecomovil |
L. . . Ahorro energético (kWh/Afio) [ 0.000 | Eﬂ
« Awareness-raising information stands e

Emisiones CO2 ahorrada al afio (kgCO2 eq) [ 64.125 | l'

MOOC 2: Energy transition measurement and monitoring tools
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»  Multicriteria Decision in Halki
Municipal priorities

Considering the priorities established by the municipality, the

criteria used to prioritize the different levels are as follows:

GE

Application of the multi-criteria module and software SuperDecisions

Promotion of recycling and organics reduction.
Energy audit in municipal buildings.

Information to users to improve the behaviour and optimal use
of the different equipment.

Substitution of LED lamps in lighting systems.

Development of heating with cogeneration plants.

NERA tool

MOOC 2: Energy transition measurement and monitoring tools
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Alternative Rankings
Graphic Alternatives Total |Normal| Ideal |[Ranking
CALl.1 Improving the insulation of municipal buildings 0.0108| 0.0327 ||0.0940 8
CAL.2 Improvement of municipal lighting l0.0172[ 0.0520 [0.1494] 6
CA1.3 Heating, ventilation and air-conditioning systems 0.0310| 0.0936 ||0.2690 3
E CA1.4 Introduction of renewable energies and self-consumption||0.1154 0.3479 (|1.0000 1
CALl.5 Municipal Transport Reposition 0.0078| 0.0234 ||0.0674|| 10
CA2.1 Industrial Process improvement l0.0040] 0.0119 [0.0343] 14
CA2.2 Renewal of industrial equipment [0.0048[ 0.0143 [0.0412] 13
CA2.3 Improvement of Industrial buildings l0.0107] 0.0323 [0.0928] 9
CA2.4 Change of energy vector [0.0064] 0.0192 [0.0552] 11
CA3.1 Cycling Routes l0.0310[ 0.0935 [0.2688] 4
CA3.2 Network of EV recharching points l0.0154] 0.0464 [0.1334] 7
CA3.3 Promoting public transport lo.0266] 0.0801 [0.2301] 5
CA4.1 Ecomovil [0.0053] 0.0160 [0.0461] 12
E CA4.2 Information stands l0.0453[ 0.1366 [0.3928] 2
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6.4 Case Study 3: Halki (Greece)

> Results

Ranking of measures in Halki

ENERGY CO:z
Introduction of renewable energies and self-consunmptio PRIORITY ACTION SAVINGS SAVINGS  CATEGORY
(MWh/year) (tC02e)

Information stands 1 Introduction of renewable energies and 262 157 Municipal

Heating, ventilation and air-conditioning systems I ———S————— self-consumption ' ' facilities
Cvcling Routes  —— 2 Information stands 0.33 0.68 Awareness

ycing Heating, ventilation and air-conditioning o o Municipal

Promoting public transport I g systems : : facilities
Improvement of municipal lighting ~ EEE— 4 Cycling Routes - 5.79 Transport
Network of EV recharching points s 5 Promoting public transport - 0.06 Transport

6 Improvement of municipal lightin 4.38 2.63 Municipal

Improving the insulation of municipal buildings = P patlighting ) ) facilities
Improvement of Industrial buildings  E— 7 Network of EV recharging points - - Transport

o o Improving the insulation of municipal Municipal

Municipal Transport Reposition ~H== 8 buildings 6.27 3.76 facilities

Change of energy vector 9 Improvement of Industrial buildings - - Industry

e ey 10 Municipal Transport Reposition - - Industry

Municipal

Renewal of industrial equipment HH 11 (SR O S ety i 113 facilities

Industrial Process improvement Bl 12 Ecomovil 0053 0.031 Industry
13 Renewal of industrial equipment - - Awareness

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 14 Industrial Process improvement - - Industry

TOTAL 16.65 17.47

MOOC 2: Energy transition measurement and monitoring tools
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Key Lessons from Case Studies

Purpose of the GENERA Tool

1 Developed to assist municipalities, particularly on islands, in creating energy transition action plans with national, regional, and local insights.
Modular and Tailored Approach
2 The tool includes different modules, allowing qualitative data integration for better adaptability to smaller municipalities.
Comprehensive Data Management
3 It provides precise context through national, regional, and local data, helping policymakers set clear sustainability goals.
Usability and Future Improvements
4 Designed to be user-friendly but could benefit from enhancements, such as a manual and improved information visibility.
Y Yy
Pilot Testing and Expansion
5 Tested in several island municipalities in Spain, Italy, and Greece, yielding energy-saving measures and CO2 reductions, with plans for further

refinement and expansion

MOOC 2: Energy transition measurement and monitoring tools
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