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About YES-Europe

Who we are:

YES-Europe, created through an initiative of the EPFL University of Lausanne in
Switzerland, brought together 50 students from nine European countries for the
first annual conference organised in May 2016 to connect and find meaningful
ways to make a difference in the energy field. Since then, YES-Europe grew inter-
nationally to have an impact at the European level.

What we do:

YES-Europe offers a platform to develop both international as well as national
initiatives to shape the future of energy in Europe and give a space for youth to
act within this fundamental transition. Believing in individual as well as collective
creativity, we support each other in brainstorming, developing & implementing
ideas. YES-Europe has the mission of catalyzing the energy transition by creating
an environment where youth are given a space to develop ideas, take on respon-

sibility, build their local community and act for change.
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Introduction

The European Green Deal is a proposed EU-wide climate change action planandis aimed
at reducing EU CO2 emissions by at least 40% by 2030, compared to 1990 levels and cli-
mate neutrality by the year of 2050. For the EU to reach their target of climate neutrality
oneofthemostimportantgoalsistodecarbonise theirenergysystembyaimingtoachieve
“net-zero greenhouse gas emissions by 2050.” In this regard, the European Commission
has adopted a set of proposals to make the EU’s climate, energy, transport and taxation
policies fit for reducing net greenhouse gas emissions which includes arange of other ini-
tiatives, such as the promotion of electric vehicles, photovoltaics, and energy efficiency.

Climate action is at the heart of the European Green Deal and the EU has created a
binding target for reducing energy-related CO2 emissions. It is also pursuing efforts
to increase energy storage energy efficiency and will improve the well-being and he-
alth of citizens and future generations by prioritising energy efficiency to develop a
power sector based largely on renewable resources, securing an affordable EU ener-
gy supply and to have a fully integrated, interconnected digitised EU energy market.
These activities fully comply with the Paris Agreement obligations, which sets
out a global framework to avoid dangerous climate change by limiting global war-
ming to well below 2°C and pursuing efforts to limit it to 1.5°C. Moreover, the EU
is looking to diversify its energy sources and reduce its amount of reliance on Rus-
sia for natural gas. The European Union’s ambitious renewable energy goal is sure
to inspire other nations to follow suit. In fact, the International Renewable Energy
Agency (IRENA) has said that the 2020s will be “the decade of renewable energy.”

We think the future of energy in the EU is bright and likely to only grow brighter in the
years to come. This report provides a comprehensive overview of the future of energy
in the EU, with an emphasis on trends and the latest developments in the energy sec-
tor.
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1. Sustainable Energy
Development Framework
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1.1 The Paris Agreement goals

The 2016 Paris Agreement is a legally binding international treaty aimed at counte-
racting climate change primarily by reducing the rise in mean global temperature to
well below 2 °C (preferably to 1.5 °C). The 193 parties to the Paris Agreement include
world’s top carbon dioxide emitters such as China, the United States and India. Every
5 years, state parties are required to prepare and submit their so-called Nationally
Determined Contributions (NDCs) - more detailed climate action plans of individual
countries. So far, although all 193 Parties have issued at least their first NDC, only 151
communicated an updated NDC as of 2 November 2021. The United Nations themsel-
ves note that not all of the plans are adequate and sufficient to ensure the fulfilment of
the Paris Agreement climate goals.

Indeed, it seems that the United Nations are unlikely to ensure that the goal of redu-
cing global warming to pre-industrial levels is reached on time. According to the Cli-
mate Action Tracker, the policies presently in place around the world [as of November
2021 - YES-Europe comment] are projected to result in about 2.7 °C warming above
pre-industrial levels. The implementation of the NDCs is projected to limit warming
only to 2.4 °C, which is significantly above even the less ambitious goal of 2 °C. In fact,
even more optimistic research indicates that while it is technically possible to meet the
climate targets, it will actually happen only if all conditional and unconditional pledges
are implemented in full and on time. Considering that full and timely implementation of
all pledges seems unlikely, we should be prepared to assume that the Paris Agreement
goals will not be fulfilled on time.
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Perhaps the most important recent development related to the Paris Agreement is the
2021 Conference of the Parties that took place in Glasgow (COP26) from 31 October
to 13 November 2021. The Conference focused on the need to increase the current
efforts in climate change mitigation. The highlight of COP26 is the adoption of the
final version of the Paris Rulebook, which follows up on the 2018 Katowice climate
package and establishes the main rules for the international transfers of emissions.

The 2018 Katowice climate package adopted at COP24 set out detailed rules on
many aspects of the Paris Agreement, including what information should be provi-
ded by governments in their NDCs and how the Global Stocktake (the process of ga-
thering information to find out how the implementation of the Paris Agreement is
progressing) should be carried out. However, a few outstanding issues were left for
consideration during subsequent negotiations. Notably, the particulars of voluntary
cooperation and non-market approaches were not finalised. COP26 in Glasgow hel-
ped put into practice the so-called Article 6 Rules, which are often considered The
key provisions of Article 6 of the Paris Agreement discussed during COP26 include
Article 6.2 on the cooperative approaches of Parties and Article 6.8 on non-market
approaches. Article 6.2 sets up an accounting framework for international emissions
trading, which allows for international transfer of carbon credits between countries
as well as for cooperation between systems from different countries and regions.
One of the challenges related to the implementation of Article 6.2 in practi-
ce was the risk of double-counting, whereby one country could theoretical-
ly count emissions purchased from a different country towards its own NDC
goal even if that different country already included them in their calculations.
Another potential issue was that, since different countries use different metrics (e.g.,
renewable energy targets or hectares of land afforested), emission trading was more dif-
ficult. COP26 established that Parties must always use a standardised measure of tons
of CO2 equivalent in their accounting, even if their original metrics are different. In ad-
dition, the updated Paris Rulebook implements measures that are likely to decrease the
risk of double counting, such as the prohibition on carrying-over of carbon market uni-
ts from one NDC period to another and limiting the number of accounting exemptions.
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Article 6.8 creates a non-market system to implement Parties’ NDCs. The non-mar-
ket approaches “shall aim to: (a) promote mitigation and adaptation ambition;
Enhance public and private sector participation in the implementation of national-
ly determined contributions; and (c) Enable opportunities for coordination across
instruments and relevant institutional arrangements.” The COP26 update to Arti-
cle 6.8 establishes a treaty body - the Glasgow Committee on Non-Market Appro-
aches - to oversee the implementation of non-market solutions and to introduce
the framework and the work programme by providing opportunities for non-mar-
ket-based cooperation to implement mitigation and adaptation actions in NDCs.

How the new measures will play out in reality remains to be seen. The next COP will
be held soon in Sharm El Sheikh, Egypt. The conference will focus on implementation
issues and Parties will be expected to demonstrate how their legislation, policies and
programmes help achieve the climate goals in practice.

References

[1] https:/www.un.org/en/climatechange/all-about-ndcs

[2] https://climateactiontracker.org/global/temperatures/

[3] https:/www.nature.com/articles/s41586-022-04553-z

[4] https://unfccc.int/process-and-meetings/the-paris-agreement/katowice-cli-
mate-package#eq-10

[5] Article 6 paragraph 8 letters (a) - (c) of the Paris Agreement.

[6] https:/unfccc.int/sites/default/files/resource/cma3_auv_12c_PA_6.8.pdf
[7] https:/news.un.org/en/story/2022/06/1119792
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1.2 Decarbonisation of the Euro-
pean energy

In the light of the global energy crisis, a number of energy strategies might be labelled
as “wrong” or “unsuccessful”. Governments and other national institutions should eva-
luate and acknowledge these failures, analyse them, and attempt to prevent a repeat of
the same situations in the future. Every action or decision has a global impact and con-
tributes to a greater picture, which is why it is crucial for state authorities to remember
this while making a decision that may impact and shape our climate future. Multinatio-
nal negotiations and joint agreements form the main core of climate justice, such as the
Paris Agreement or Kyoto Protocol, both of which were supposed to present a global
legal system on climate, where leaders from around the world made a concerted effort
to strive for climate neutrality by 2050.

Among the big two, yet another example of a greener piece of legislation - the Euro-
pean Green Deal intends to make Europe the world’s first climate-neutral region by
2050. Although with tremendous responsibility comes an inevitable failure: a struggle
to keep such arrangements in place, despite common endeavour and open dialogue.
A coalition of NGOs has been formed creating an alliance to highlight the greatest
negligence: the world’s biggest banks allegedly investing trillions in the fossil fuel indu-
stries just a couple of years after the Paris Agreement was signed. It's not only a blatant
example of climate denialism, it also represents a significant failure of global ethics as
well.

Europe is attempting to restore the balance between human activity and environment
as the region faces a major climate problem that will only worsen overtime. Changing
the existing situation into a fully integrated and secure internal energy market is a de-
manding and extremely challenging endeavour.

This can only be realised if the goals outlined in climate policies for creating neutral
targets are met within a specified timeframe. As the coronavirus crisis has shown, we
are all vulnerable, and it is critical to restore the balance between human activity and
the natural environment. Such techniques are critical components of the large-scale
transformation we are pursuing.

11
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To meet the European Union’s goals, each Member State must align and modernise its
national energy and climate policies. In order to make the transition to a climate-neu-
tral economy, the European’s strategy presents a vision of the profound economic and
societal adjustments. It seeks to ensure that this change is socially just, leaving no indi-
viduals or regions behind through a couple of steps:

fully decarbonising embracing clean and
Europe's energy supply connected mobility
maximising benefits from developing smart
energy efficiency network infrastructure
reaping the benefits of putting industrial
bio-economy modernisation at the
centre of a fully circular
economy

There are certain immediate fixes we can aim for in addition to the longer-term objecti-
ves of lowering carbon emissions globally. About 12% of the GHG emissions in the EU
originates from buildings, which is why we need to focus on the long term solution. Any
house may be energy-efficient, regardless of when it was constructed. However, older
homes should be updated to perform better in terms of energy efficiency with cutting
edge technologies, since modern building regulations already demand higher efficiency.

While there are still insufficient resources to accomplish the target stated above, the
European Union is confronted with the task of developing a fully integrated and cli-
mate-neutral energy mix. To minimise GHG emissions, there are a number of specific
policies and sources of funding to fight this battle. In fact, the initial step was the im-
plementation of the EU ETS which is the world’s first international emissions trading
system that adheres to the “cap and trade” philosophy. It establishes an upper limit
on the total amount of greenhouse gases that can be released by all participating en-
tities. Allowances can be traded and are either sold at auction or given away for free.

12
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Although many believe the European Union’s carbon trade system has proven to be an
effective tool in reducing GHG emissions, the system has also been severely criticised.

Since the European Union is committed to assisting coal areas in making a fair transi-
tion, it is crucial to highlight that about 20% of the EU’s total electricity generation co-
mes from coal. In addition, it offers employment for over 230,000 people in mines and
power plants spread throughout 31 regions and 11 EU nations. What is encouraging, the
system has seen an almost 30% decrease in overall coal power generation since 2012.
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In a number of places around Europe, power stations have been decommissioned
along with mine closures due to the diminishing demand for coal. However, there
are still coal regions suffering with their own transition. In reality, coal accounts for
over 70% of Poland’s electrical generation. The country requires reliable power sour-
ces to supplement renewable production, and some modifications to existing units
are required. Plants receive state assistance for supplying baseload power, however
this is expected to change when the stricter EU emissions restrictions apply to power
plants receiving such support, which has been the main topic of the ongoing debate.

While coal continues to be a major fuel in the European energy mix, the shi-
ft to cleaner energy sources and cutting-edge technologies, like carbon captu-
re and storage, are essential to achieve European goals of reducing CO2 emissions
by at least 55 percent from 1990 levels by 2030 and becoming the first clima-
te-neutral region of the world by 2050. Coal is the most CO2-emitting fossil fuel
and nations should remember the time to fight for a cleaner future starts now.

14
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1.3 The EU taxonomy for sustai-
nable activities

In order to accomplish the European Union’s climate and energy targets, we
must change our lifestyle and daily habits into more sustainable ones. The Eu-
ropean Union paved the road for “greener” investments in sectors such as bio-
diversity, renewable energy, and the circular economy by passing the Europe-
an Green Deal. As a result, the Taxonomy Regulation was enacted to promote fair
competition and legal stability for all businesses operating in every Member State.
It establishes six environmental objectives:

1 Climate change mitigation; 4 The transition to a circular eco-
nomy;

5 Pollution prevention and con-

2 Climate change adaptation;
trol;

The sustainable use and pro- 6 The protection and restoration
tection of water and marine of biodiversity and ecosystems;
resources;

Taxonomy is a method of classification that creates a list of economically viable envi-
ronmental practices. A unified vocabulary and a precise explanation of what is meant
by “sustainable” are necessary for this to happen. Investors can find advice on business
ventures that qualify as ecologically friendly under those provisions. Article 8 of the Ta-
xonomy Regulation (Taxonomy Regulation) aims to increase transparency in the market
and help prevent greenwashing by providing information to investors about the envi-
ronmental performance of assets and economic activities of financial and non-financial
undertakings. This provision aims also to increase the space for green finance through

15
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transparency about companies’ environmental performance. Additionally, it requires
European businesses to disclose the extent of their taxonomy-aligned operations. Any
activity left off the list risks losing access to sustainable financial instruments and run-
ning afoul of long-term EU policy goals. By precisely defining whether a business or
industry is running sustainably or ecologically friendly, as opposed to instances of gre-
enwashing, taxonomy establishes a foundation for the concept of sustainability. The-
refore in a sense, the regulation seeks to reward and promote environmentally friendly
and sustainable business methods.

In spite of the fact that there has been an enormous disagreement within the Member
States on the inclusion of nuclear energy and gas as “sustainable” sources of energy,
the scientific explanation is indisputable: they are both crucial to the battle against
climate change. According to Article 10(2) of the Taxonomy Regulation, strict require-
ments must be met before certain nuclear and gas activities can be added to the list of
those already covered by the first Delegated Act on climate mitigation and adaptation.
These quality standards include:

1) that gas and nuclear power both help
the world move toward climate neutrality

2) that nuclear power meets environmen-
tal and safety standards

3) that gas helps the world move away
from coal and toward renewable energy
sources.

Following the latest failure of an attempt to stall the legislation in the European Parlia-
ment at the beginning of July 2022, the planned inclusion of specific nuclear and gas
activities into the European Union’s list of widely recognised as ,green” investments is
expected to take effect at the beginning of 2023. There has been a consistent incre-
ase in the share of gaseous fuels to generate electricity, and for economies currently
relying heavily on high-carbon energy sources, the use of gas appears to be the only
solution on the road to net zero.

16
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This trend, which is gradually gaining in popularity, may only lose steam when nuclear
power units are sourced. And while investment in gas infrastructure is a half-measure
on the road to full climate neutrality, it could be used in the future for the transmission
and distribution of biogas or hydrogen.

Moreover, each gas-related activity must adhere to strict emission standards, replace
any existing coal facilities that cannot be converted to renewable energy, reach prede-
termined emission reduction goals, and completely transition to renewable or low-car-
bon gases by the year 2035.

1 Electricity generation from fossil gaseous fuels;

2 High-efficiency co-generation of heat/cool and power from fossil gaseous
fuels;

Production of heat/cool from fossil gaseous fuels in an efficient district
heating and cooling system.

17
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1.4 Diversification of Energy Resources

The foundation for constructing the energy security system of European nations is the
process of diversification of their energy supply channels and routes, but more impor-
tantly, of their sources.

In the event of the Russian war the European Commission changed their tracks on the
green transformation. For example, the Baltic Sea is a key region for varying the sour-
ces of energy supply, which shows that political conflicts can also affect supply routes.
Based on many sources, European’s dependency on Russian imports of oil, gas and coal
is between 25%-45%, depending on which resource you're taking into account. As a
result, the European Union is planning to swiftly make Europe independent from Rus-
sian gas by 2030 by means of diversification of supplies and unlocking zero-emission
energy sources such as hydrogen or biomethane, thus making countries more resilient
in terms of being dependent on one large supplier. As a result of the discussed practice
(REPowerEU), a fair redistribution of energy among Member States may be achieved.

The International Energy Agency (IEA) predicts that the EU’s power demand would
rise by 12-26% by 2040, despite the fact that the EU’s overall energy consumption is
expected to remain relatively stable. To fulfil this rising need for electricity, the EU wiill
need to strengthen its reliance on natural gas, sustainable energy, and modern techno-
logy. As part of the energy transition, natural gas will improve energy security, availa-
bility, and affordability in Europe, especially as it replaces coal-fired power generation.

To maximise natural gas’s impact on the European energy market, a number of obsta-
cles must be resolved, such as lowering methane emissions from the natural gas in-
dustry but also challenges encountered by geopolitical rivalry. Despite great progress
being made by the EU in the construction of LNG terminals, reverse flow infrastructu-
re, and natural gas pipelines, there are still regions of Central and Eastern Europe (CEE)
that lack a variety of natural gas supply choices.

In order to establish a Mediterranean gas hub in the southern part of Europe, which will
contribute to the diversification of the EU’s energy suppliers and routes overall, the EU
is actively pursuing an energy discussion with its partners in the Eastern Mediterrane-
an and North Africa. The Mediterranean region can serve as a major source and route
for supplying gas to the EU, especially in the light of Algeria’s enormous potential for
both conventional and unconventional gas resources as well as related infrastructure
development plans. Because of their considerable offshore gas reserves, Egypt, and
Cyprus are considered to be vital partners.

18
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2.1 Overview

Energy efficiency has become a critical issue globally, especially in the European Union
(EU) countries. The EU countries are facing a significant challenge to reduce energy
consumption while maintaining their economic growth. To address this issue, the EU
has set ambitious targets for energy efficiency in its member states, both in the short
term and long term by 2030 and 2050.

The EU'’s energy efficiency target for 2030 is to reduce energy consumption by at least
32.5% compared to 2007 levels. This target is part of the EU’s overall goal to reduce
greenhouse gas emissions by 40% by 2030. The EU’s energy efficiency target for 2050
is even more ambitious, aiming for a 60% reduction in greenhouse gas emissions com-
pared to 1990 levels.

To achieve these targets, the EU has implemented several policies and measures to
promote energy efficiency, such as the Energy Efficiency Directive (EED) and the Ener-
gy Performance of Buildings irective (EPBD). In addition to that, energy labelling and
minimum energy performance standards for products, as well as financial incentives
and regulations for building renovations are also implemented. The EU has also establi-
shed the Energy Efficiency Directive, which sets binding targets for energy efficiency
improvements in all sectors, including industry, buildings, and transport.

Each member state has its own national energy efficiency targets to reach by 2030,
which are based on their individual energy consumption and economic performance.
Member states are required to develop national energy efficiency plans every three
years, which outline their strategies and measures to achieve their targets. The plans
are then reviewed and monitored by the European Commission to ensure that they are
effective.

Some member states have already made significant progress towards their energy ef-
ficiency targets. For example, Denmark, Finland, and Sweden have set some of the
highest national targets for energy efficiency and have implemented policies to sup-
port the use of renewable energy sources. Germany has also made significant progress
towards its energy efficiency goals, particularly in the building sector, where it has im-
plemented strict energy performance standards for new and renovated buildings.

20
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Despite these efforts, some member states are still struggling to meet their targets,
particularly in the transport and industry sectors. The EU has recognized this challen-
ge and is working to support member states in their efforts to achieve their energy
efficiency goals. For example, the EU has established a funding program called the
European Regional Development Fund, which provides financial support for energy
efficiency projects in member states.

In conclusion, the EU’s energy efficiency targets for 2030 and 2050 are ambitious, but
achievable with the right policies and measures in place. Member states have a signi-
ficant role to play in reaching these targets and must continue to implement effective
energy efficiency policies and strategies. The EU will continue to support its member
states in their efforts to reduce energy consumption and greenhouse gas emissions,
promote sustainable development, and build a more energy-efficient future.

References

[1] Directive (EU) 2018/2002 of the European Parliament and of the Council
of 11 December 2018 amending Directive 2012/27/EU on energy efficiency

[2] Long-term low greenhouse gas emission development strategy of the
European Union and its Member States
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The past year experienced high fluctuations in electricity prices in Europeans reaching
historical peaks. The recent IEA report shows elevated future prices and a tight winter
ahead. This article highlights the workings of European electricity markets, the recent
price cap mechanisms and what to expect in 2023.
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Figure 1 Indexed quarterly average wholesale prices for selected regions, 2019-2024.1
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3.1 How does the EU electricity market
work?

Since the liberalisation, the European Electricity market has operated on rules overse-
en by the European Union’s Agency for the Cooperation of Energy Regulators (ACER).
These rules promote competition and energy supply security and incentivise renewable
investment.

Electricity is traded in a centralised platform where participants can exchange electri-
city transparently according to the price they are willing to pay or receive and accor-
ding to the capacity of the electrical network. The main players in the market include:

Blie oo ) 2

Generators Aggregators Suppliers

EET=] : : /’
1T il

Traders Consumers Market and system
operators

Because of the unique nature of electricity, the prices formed are the result of outco-
mes of an array of markets - day-ahead, intraday, forward, ancillary, balancing, capa-
city, market coupling, and OTC/bilateral. The market operates in such a way that the
generators are dispatched in the order of increasing cost from the least to the most
expensive until the demand is met, thus fulfilling the demand at the most affordable
cost. The final price is determined by the marginal price of the last generator that has
been dispatched, and all the generators dispatched at this point in time will receive a
price equal to the marginal price of the last dispatched generator in the merit order.
When the demand is high, the supply and demand curves meet at the cost of the addi-
tional generators, the gas turbines. And, when this occurs, when gas and CO2 allowan-
ces are expensive, the electricity prices peak.
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This system allows fair competition and encourages PV and wind investments due to
their relatively lower marginal costs. The end cost paid by the customer depends on
the type of agreement they have with their supplier (which the customers are free to
choose thanks to liberalisation) but is influenced by the wholesale market price, tran-
smission and distribution charges, and the taxes to fund renewable incentivisation and
energy efficiency measures which vary widely from country to country.

25
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3.2 What caused the electricity price
spike?

The pandemic had a significant impact on the energy sector in the EU. Reduced mo-
bility and economic activity resulted in a significant drop in energy demand. Digital
solutions and changes in occupancy patterns led to new energy consumption patterns,
with lower electricity consumption in buildings during certain times of the day. Redu-
ced sales and lower revenues due to consumers’ inability to pay their bills left energy
utilities struggling. The pandemic also caused uncertainty in the supply chain, project
shutdowns, and reduced revenues from energy sales, which reduced firms’ and gover-
nments’ capacity to invest in energy projects. As lockdown measures were lifted and
industries resumed their activity, there was a surge in energy demand that led to higher
energy prices?. Some EU Member States introduced support mechanisms such as tax
exemptions to protect low-income consumers.

The Russian Federation’s invasion of Ukraine further deepened the energy crisis as
the EU relies heavily on Russian energy imports. Natural gas prices soared, leading to
declining industrial output and increased household bills. These factors have led to a
significant increase in energy prices, with EU day-ahead prices peaking at €405/MWh
in August 2022, a 532% increase from January 20213. By late 2022, these changes had
begun to impact retail prices. Russia’s deliberate actions precipitated the energy crisis
to disrupt Europe’s energy supply. As a result of the limited flow of gas into Europe, we
are experiencing a supply crisis that has directly affected European electricity markets.
Furthermore, there have been shortages in nuclear and hydropower generation, exa-
cerbating the situation. In 2022, Europe faced its worst drought in at least 500 years,
pushing hydro generation to its lowest level since at least 2000. EU nuclear power fell
by 16% (119 TWh) in 2022. Of this fall, 69% was in France from outages, and 27% was
because of German nuclear plants. In 2022, a record number of French nuclear reac-
tors went offline, resulting in the lowest output in 30 years*.
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A particularly bad year for hydro power in Europe

Electricity generation (TWh)
Dotted line = 2000-2021 average
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3.3 The EU Natural Gas Price Cap

On 19 December 2022, European Union energy ministers agreed on a cap on gas pri-
ces following months of debate. Prices at the main trading hub in the EU will be capped
if they exceed €180 per megawatt-hour (MWh) for three consecutive days and exceed
global prices by more than €35/MWh over the same three days. The measure, known
as the market correction mechanism, could be extended to other trading hubs. The
European Commission will submit a second legislative proposal by the end of March
2023. Germany, the Netherlands and Austria were not convinced of the price limit,
with Hungary voting against measure 5.

The Czech EU Council Presidency wants to reach a deal on gas price caps by favouring
qualified majority voting since countries like Germany need to be fully on board with
the idea. The measure will be in place for a year from 15 February 2023. The triggers
for the cap are lower than the European Commission’s original proposal, which was
called useless by many countries as it would not have prevented the price spike expe-
rienced in August this year. A lower cap means the mechanism is more likely to come
into effect and be in place for longer. The energy regulator agency (ACER) will monitor
markets and publish a notice on its website, preventing transactions above a “dynamic
bidding limit”.

The agreement also means the EU has unlocked two other pieces of emergency legi-
slation merged into a package at a previous energy ministers meeting. This includes
measures to boost European solidarity around gas supplies, like mandatory joint pur-
chasing and a fallback agreement between countries in case of a supply emergency.
The agreement also unlocks a law to speed up the process of building renewable ener-
gy infrastructure. While there are safeguards in place, it is difficult to see the ultimate
impact the measure could have, commented Simone Tagliapietra, a senior fellow at the
Bruegel economic think-tank in Brussels.
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3.4 How did the EU survive winter
2022?

The European Union tackled the energy crisis of 2022 by increasing wind and solar
energy generation and reducing electricity demand. Only a small portion of the energy
gap created by nuclear and hydro was filled with increased coal generation, and only
14% of the 28 TWh increase in EU coal power in 2022 can be attributed to the reacti-
vation of coal units. The fall in electricity demand towards the end of 2022, due to mild
temperatures, energy efficiency investments, and reductions in industrial and commer-
cial output, contributed to lower coal and gas generation. In addition, some mandatory
electricity demand reductions introduced by the European Commission in September
2022 have been implemented, applying only until 31 March 2023.

Moreover, the invasion of Ukraine by Russia in 2022 caused gas shortages and fossil
fuel price hikes, resulting in a cost-of-living crisis in Europe. However, wind and solar
energy successfully delivered through the energy crunch, with solar power generating
more than a fifth of EU electricity in 2022, which was a record. The increase in solar
energy generation, along with the rise in installations and capacity, was the largest ever
absolute increase in solar electricity generation, rising by 39 TWh (+24%).

Furthermore, solar energy’s contribution to the energy mix was higher between May
and August, producing 12% of the EU’s electricity, and exceeded 10% for the first
summer in history. Households in Europe also installed rooftop solar panels massively,
adding 25 GW in 2022, which is 8 GW more than in 2021, representing 66% of the
EU’s installed solar capacity.

European governments responded to Russia’s invasion of Ukraine by accelerating cli-
mate policies, cutting fossil fuel imports, and reducing electricity demand, but the pu-
blic’s significant investments in rooftop solar panels were a silent revolution that com-
plemented top-level action.
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3.5 What will be the future?

Since the liberalisation, the European Electricity market has operated on rules overse-
en by the European Union’s Agency for the Cooperation of Energy Regulators (ACER).
The future of energy in the EU is promising, with solar power leading the way. According
to Solar Power Europe, the installed solar capacity is expected to increase significantly
in 2023, with a medium scenario prediction of 54 GW and a high scenario prediction
of 68 GW. This growth rate is expected to continue, with annual capacity additions
reaching 85 GW (medium) and 120 GW (high) by 2026. The European Commission
has set solar capacity targets of 400 GW by 2025 and 740 GW by 2030 as part of its
REPowerEU plan to replace fossil fuels with renewables. However, Solar Power Euro-
pe’s high scenario shows that these targets may not be ambitious enough. It is crucial
for Member States to ensure that their regulations and infrastructure enable the rapid
deployment of renewables necessary to meet these targets.

In 2022, coal and gas generation increased due to outages of France’s nuclear power
plants and a drought, but in 2023, fossil generation is expected to decrease significant-
ly due to the return of French nuclear plants, an increase in solar and wind generation,
hydro returning to normal, and a continuing fall in electricity demand. The fall in gas
generation is expected to be faster than coal, and the power sector is expected to be
the fastest falling segment of gas demand in 2023, contributing to a more secure gas
system in the EU.

To further accelerate the deployment of renewables and protect consumers from vo-
latile fossil fuel prices, the European Commission has proposed a reform of the EU
electricity market®. This reform aims to provide more protection to consumers, boost
renewables, and support demand-side measures. It also enables EU citizens to become
more active players in the energy market, granting them a wider choice of contracts
and clearer information. Energy retailers will be required to inform households about
the “advantages and risks of different types of contracts”. The proposal seeks to em-
power consumers and enable them to share energy within a community, while reinfor-
cing protection for small consumers. However, more action will be needed, especially
by network operators, to ensure the EU takes advantage of 21st-century digital tech-
nologies and promotes consumer-focused innovation.
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In conclusion, the future of energy in the EU is trending towards renewables, with solar
power leading the way. The European Commission’s REPowerEU plan and the propo-
sed reform of the EU electricity market are steps in the right direction to expedite re-
newables deployment and protect consumers from volatile fossil fuel prices. However,
more action will be needed to ensure the EU meets its solar capacity targets and takes
full advantage of digital technologies to promote consumer-focused innovation. The
EU energy crisis presents both challenges and opportunities for the future of energy in
the EU, and it is crucial for Member States to work together towards asustainable and
secure energy future.
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4. Energy Prices changes
across Europe
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The ongoing war crisis between Russia and Ukraine has had a significant impact on
energy and electricity prices in EU member states. The crisis began in early 2022 when
Russia launched a military offensive in Ukraine, leading to a surge in gas prices and di-
sruptions to gas supplies to Europe. This article will explore the changes in energy and
electricity prices in EU member states in recent months due to the war crisis.

One of the most significant impacts of the war crisis has been on gas prices. Gas prices
in Europe have soared due to the disruption in gas supplies from Russia, which is one
of the primary suppliers of gas to the EU. The price of gas in the European Union has
increased by over 500% compared to the same period last year, reaching record highs
in some countries. This has had a severe impact on households and businesses that rely
on gas for heating and energy.

The increase in gas prices has also led to a rise in electricity prices. Many countries in
the EU rely on gas-fired power plants to generate electricity, and the increase in gas
prices has led to a rise in the cost of producing electricity. This, in turn, has led to an
increase in electricity prices, which has affected both households and businesses.

The impact of the war crisis on energy and electricity prices has been felt across the
EU, but some countries have been hit harder than others. Countries that are heavily
dependent on Russian gas, such as Bulgaria and Slovakia, have been particularly af-
fected.

Some EU member states have implemented measures to mitigate the impact of the
energy and electricity price increases. For example, the German government has an-
nounced that it will provide financial assistance to low-income households to help
them pay their energy bills. The French government has also announced measures to
help households and businesses cope with the increase in energy prices, including tax
breaks and subsidies for renewable energy projects.

In conclusion, the ongoing war crisis between Russia and Ukraine has had a significant
impacton energy and electricity prices in EU member states. The increase in gas prices
has led to a rise in electricity prices, affecting households and businesses across the
EU. While some countries have been hit harder than others, the impact of the crisis
has been felt across the region. Governments and businesses will need to continue to
implement measures to mitigate the impact of the price increases and invest in alter-
native sources of energy to reduce their reliance on Russian gas.
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4.1 The future of Energy depending on
costs

The problem with renewable energies and new technologies has always been mainly
one of cost. As with any novelty introduced into society, it takes time for it to become
the preserve of all. However, in the case of energy, there is not much time, and there is
a need for decisive and effective intervention by national governments to invest more
in research and to reduce the production costs of the materials needed to build energy
transformation plants.

The war in Ukraine has clearly demonstrated how, among others, the cost of fossil
fuels is directly proportional to any political instability on a global scale, and this cannot
be borne by individual states, nor can it be a justification for reactivating local resource
extraction plants with high CO2 emissions.

In contrast to fossil fuels, renewable energies have a more stable and independent
cost, as it is within the possibilities of each state to concentrate investments on one or
more technologies in line with the natural conditions of the territory. For example, the

UK can focus more on wind power than on photovoltaics.

On that note, we should dwell on the two aspects discussed so far and draw clear con-
clusions: on war and photovoltaics.
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The graph here clearly demonstrates how costs for photovoltaic systems have fallen
significantly over the last ten years, while fossil gas costs have soared over the last
two years. Of course, this does not distract from the need to reduce the total costs of
new installations even more, but it is important to bear in mind that energy transition
projects are long-term in nature, and therefore large sums of money must be invested
now to see significant benefits in the future. More specifically, the cost of building new
facilities for clean resources is still less than the total long-term maintenance cost of
existing fossil gas plants.

Considering that prices for renewable energy are at historic lows; and considering a
16% decline for Concentrated Solar Power (CSP), 13% for onshore wind and 9% for
offshore wind in the last year; and considering that new renewable energy projects
added in 2020 alone will save emerging economies up to $156 billion throughout their
lifetime—the choice is simply political and dependent on the foresight of national go-
vernments and energy companies.
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4.2 The new path and analysis on diffe-
rent markets

Meeting the energy needs of European citizens is a complex task, as European coun-
tries have different internal and external energy sources.

The various different crises that have hit the continent have obviously shaped the
energy market and public opinion. The characteristics of the 2008 financial crisis differ
from those of the 2020 pandemic era, thus leading to different needs and different
investment projects at national and European level.

The most important objective to reduce emissions and complete the energy transition
is to modulate the energy taxation system. The current model dates back to 2003,
which is not in line with European political plans and the Green Deal, so the European
Commission proposed to the European Parliament and the Council to re-evaluate the
system and update it to the current situation.

The guidelines indicated by the European Commission envisage a recalculation of taxes
no longer on the basis of the volume of energy produced, but on the basis of environ-
mental and production efficiency. The idea is therefore to impose heavier taxes on the
most polluting energy productions, and turn that revenue to invest in renewable ener-
gy and the construction of new plants. Specifically, according to the 2020 European
Commission report, taxes and levies account for 41% and 30-34% of households and
industry electricity prices, respectively, and for 32% and 13-16% of the households
and industry gas price.

This analysis is in line with the positive trend followed by the EU. To date, the costs of
producing clean electricity are equal to those of producing energy from fossil fuels;
the only obstacle is the cost of the raw material of the plants and the adaptation of old
transmission equipment to new technologies.
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5. I'he European Strategic
Energy Technology Plan
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HYDROGEN

Hydrogen deserves special focus. This energy carrier has great potential for the future,
as it allows energy produced from clean sources to be transported without polluting.
For the purposes of our analysis, it is worth focusing on just two types of hydrogen:
blue and green.

The first type involves the transformation (Steam Methane Reforming) of natural gas
into hydrogen and CO2, the latter being stored so as not to be released into the envi-
ronment and cause damage. However, there might be unintentional leakage of metha-
ne during conversion processes.

The second, which is of greater interest, is the one that does not emit any pollutants.
When energy is produced through a renewable source, such as wind and solar, this is
then processed through electrolysis, from which hydrogen and oxygen are generated;
the latter released into the atmosphere without causing any damage.

It is precisely here that investment must be made so that this process is more usable
and becomes the primary source of energy production.

In the firstinstance, itis important to reduce the costs of activating the electroly-
1 sis process. The research and development sector needs more funds so that
further cost-effective solutions can be found, as dependence on the cost of
electricity alone is fickle. Of course, it is good that hydrogen made by electroly-
sis of water is now cost-competitive, thus following a trend that helps achieve
the 2030 and 2050 targets of the European Union and the Paris Agreement,
but the market is ever changing, and the situation might pose new obstacles.

Secondly, another issue to consider is the transport of hydrogen itself. To date, 2
the current European gas network is suitable for the efficient transport of natu-

ral gas, not for renewable gas.

Since the European Union has the goal of not using hydrogen generated from
natural gas from 2030 onwards, it is important to focus large investments on
upgrading the European network to be suitable for hydrogen without damaging
plants and equipment.
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In view of this, to accelerate the achievement of the goals set in the Green Deal, it is
worth opting for blue hydrogen over other polluting energy sources. However, there is
a serious risk of losing sight of the ultimate goal, and thus delaying the adaptation of
national and EU policies in favour of green hydrogen.

Recently, the European Commission has launched two consultations on two delegated
acts clarifying EU rules applicable to renewable hydrogen under the 2018 Renewable
Energy Directive. Once adopted, these documents will complete the Commission’s
overall proposal for a regulatory framework for renewable hydrogen. The first propo-
sal, covering Renewable Fuels of Non-Biological Origin (RFNBO), sets the criteria for
products that fall into the “renewable hydrogen” category, important to meet the re-

newable energy targets for the transport sector. The second proposal on the methodo-
logy for GHG savings puts forward a detailed scheme to calculate the life-cycle emis-
sions of renewable hydrogen as well as recycled carbon fuels to meet the greenhouse
gas emission reduction threshold set in the Renewable Energy Directive.

However, hydrogen production could incentivise electricity generation from fossil
sources, which would undermine the climate benefit of hydrogen and its role in stren-
gthening EU energy security. This is why the Commission is also setting requirements
that will ensure that increased generation of renewable hydrogen is matched with a
corresponding rise in the renewable power production. Hydrogen has been identified
as an important part of the solution for hard-to-decarbonise sectors, such as aviation
and maritime and certain industrial sectors. In the REPowerEU plan, the Commission
tabled the concept of the hydrogen as an accelerator to roll out this new technology
even more quickly. The REPowerEU ambition is to produce 10 million tonnes of re-
newable hydrogen in the EU by 2030 - increased from the 5.6 mt already foreseen
within the proposals of the EU framework to decarbonise gas markets published in
December 2021 - and to import 10 mt of renewable hydrogen from third countries’.
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Nowadays almost all hydrogen demand comes from refining and industrial uses, as it is
involved in production of chemical products, such as plastics and fertilisers. In Europe
96% of hydrogen production is through natural gas, resulting in significant amounts of
CO2 emissions?.

Renewable hydrogen can be obtained via electrolysis using renewable electricity to
split water into hydrogen and oxygen. In 2020, this process accounted for ~0.03% of
hydrogen production for energy and chemical feedstocks worldwide. Of installed glo-
bal electrolyser capacity of 290MW, more than 40% is based in Europe?.
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Thus, hydrogen can be used to replace fossil-based transport and industrial processes,
since in fuel cells the opposite reaction occurs, producing electricity from hydrogen.
When produced at times when solar and wind energy resources are abundantly avai-
lable, renewable hydrogen can also support the EU'’s electricity sector, providing long-
term and large-scale storage. Therefore hydrogen can help improve the flexibility of
energy systems by balancing out supply and demand when there is either too much or
not enough power being generated, helping to boost energy efficiency throughout the
EU.

Although renewable hydrogen offers a solution to decarbonize the EU economy, seve-
ral challenges need to be addressed, such as the high investment cost of technologies
and the high energy losses and the storage issues due to the physical properties of
hydrogen.

Hydrogen hubs are regions where various users of hydrogen across industrial, transport
andenergy markets are co-located. Hubs help in reducing the cost of the infrastructure,
and support economies of scale in producing and delivering hydrogen to customers.
Hubs also facilitate opportunities for sectors to innovate and collaborate, while deve-
loping the workforce and skills needed to support a future hydrogen industry. Indeed,
hubs are likely to reduce carbon emissions in hard-to-abate sectors (e.g., iron and steel,
petrochemical industrial sub-sectors), improve air quality, grow and diversify the re-
gional economy creating new jobs, provide businesses with more choices to increase
revenue and reduce emissions and last - but not least - improve energy security.

Concerning the European framework, the FCH-Regions’ Hub supports regional and
local authorities and other public bodies across the European Union to develop and
turn their concepts for regional hydrogen and fuel cell (FCH) projects into detailed
work plans. In this perspective, raising awareness and providing project development
assistance to regional FCH projects will further accelerate the deployment of hydrogen
in Europe, contributing to carbon neutrality and zero pollution.

Several hydrogen hubs are going to be built across Europe. For instance, in April it has
been announced that a 500 MW green hydrogen facility — one of Europe’s largest sin-
gle-site renewable H2 projects — is to be built at the Portuguese port of Sines by 2025.
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It will use 500 MW of electrolysers to produce 50,000 tonnes of green hydrogen and
500,000 tonnes of green ammonia annually. In total, 11.9 GW of green hydrogen
projects have been unveiled in Iberia in the first four months of the current year4, ma-
king Iberia quickly become Europe’s green hydrogen hub.As for Italy, protocols have
started for the realisation of ‘Hydrogen Valleys’, green hydrogen production sites in di-
sused industrial areas in several regions. Indeed, the goal declared in the Italian Natio-
nal Recovery and Resilience Plan (NRRP) is to install 5 GW of electrolyzers by 2030. In
Denmark, instead, the project Green Hydrogen Hub Denmark is a large-scale hydrogen
hub project that aims to establish a complete Power-to-X value chain by 2025 compri-
sing of a 350 MW electrolysis plant, 200,000 MWHh large-scale hydrogen storage and a
number of industrial hydrogen customers, including a 320MW Compressed-Air-Ener-
gy-Storage (CAES) facility.

As previously stated, storage - as well as hydrogen storage - can play a crucial role both
in balancing the supply and the demand and in reducing the dependence from fossil
fuels. However, the storage of hydrogen is challenging. Being the lightest molecule,
hydrogen gas has a very low density: 1 kg of hydrogen gas occupies over 11 m3 at
room temperature and atmospheric pressure®. Thus, for the storage of hydrogen to be
economically viable, its storage density must be increased. Several methods to store
hydrogen at increased density exist.

However, all these methods require some input of energy in the form of work, heat, or,
in some cases, hydrogen-binding materials.

Hydrogen storage technologies are divided into three main categories:

1 Hydrogen may be stored as gas or a liquid in pure, molecular form without any
significant physical or chemical bonding to other materials;

2 Molecular hydrogen may be adsorbed onto or into a material, held by relatively
weak physical van der Waals bonds;
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3 Atomic hydrogen may be chemically bonded (absorbed). Nowadays, the most
common methods are compression and liquefaction.

Concerning the compressed hydrogen, the low hydrogen density leads to large storage
specific volumes, and, thus, high investment costs. The storage of compressed hydro-
gen can be situated underground mainly in salt cavities which are the most suitable for
a number of reasons, including low construction costs, low leakage rates, and minimal
risks of hydrogen contamination®. However, not all regions have the proper geological
prerequisites for salt cavity storage, or even less preferred underground storage op-
tions, such as depleted oil or gas fields,and aquifers. Alternatively, metal containers
are chosen. While a metal container increases investment costs, it ensures the stability
of the storage, the purity of stored hydrogen, and it can be applied independently of
location.

The density of pure hydrogen may also be increased via its liquefaction (condensation).
However, it is a very energy-intensive process as the boiling point of hydrogen is ex-
tremely low (253 C at 1 bar) and, moreover, hydrogen gas does not cool down during

throttling processes (adiabatic, isenthalpic expansion) for temperatures above around
73 C. The latter problem necessitates precooling in the liquefaction process, most often
by the evaporation of liquid nitrogen. Nonetheless, even if the specific energy demand
of liguefaction can be significantly lowered, the capital costs of a liquefaction plant
are still a significant part of the overall costs of liquefaction, even for larger plants. For
instance, it has been estimated that the capital investment constitutes around 40-50%
of the specific liquefaction costs for a new 100 tpd liguefaction plant.

After the hydrogen has been liquefied, it is essential that it can be stored so that eva-
poration is minimised. The evaporation of liquid hydrogen constitutes not only a loss
of the energy spent liquefying the hydrogen but also, eventually, a loss of hydrogen
as the evaporated gas must be vented due to the pressure build-up inside the storage
vessel [6].

Summing up, most of the covered storage technologies are still being very actively
researched, indicating that further advances are still to be made. Beyond physical,
thermodynamic, and economic arguments, it is fundamental to remark that the initial
successful choice of a large-scale hydrogen storage technology is likely to significantly
impact the further developments of a hydrogen infrastructure, since few full-size




FUTURE OF ENERGY REPORT YES-EUROPE

alternatives exist globally. The production and storage of large amounts of hydrogen
for one application may well catalyse other actors to move in a similar direction due
to reasons of economy of scale and availability. Therefore, possible synergies between
applications or industries should be taken into account at an early stage, at least re-
gionally. One example of such a synergy may be between an industrial application of
large-scale hydrogen storage and a hydrogen distribution network for fuel cell vehicles.

Transport remains one of the most polluting industries worldwide and is expected to
recover after the COVID-19 pandemic?. In 2018, road transport alone accounted for
26% of all carbon dioxide emissions in the European Union?. As global transport is
expected to rebound after the COVID-19 pandemic?, transport-related emissions are
bound to increase as well. The use of zero- and low-emission vehicles in both public
and private transportation is seen as one of the key drivers of green transition®.

The market share of electric vehicles has been growing steadily in recent years>, rai-
sing both hopes for a more sustainable future and concerns related to disposing of
used batteries as well as the carbon footprint of the entire value chain®. However, hy-
drogen-powered vehicles remain a novelty and enjoy limited popularity, mostly in the
public sector. Hydrogen-based technologies are generally younger than their electric
counterparts and raise more serious safety concerns’. The engineering complexity of
hydrogen engines and the fact that the hydrogen must be highly compressed for road
use are often quoted as obstacles to the development of this technology?.

Finally, it should be noted that clean methods of production of hydrogen are expen-
sive and relatively inefficient. Industrial-scale production of hydrogen uses up large
amounts of fossil fuels and causes large emissions. As a matter of fact, in the current
state of technology, hydrogen is an energy sink, rather than an energy source’. Sca-
ling up electrolysis (the most common and very energy intensive hydrogen production
method) is likely to result in an increase of pollution, as the majority of European infra-
structure still runs on fossil fuels. Therefore, the main challenge hydrogen faces right
now is the lack of “green” method of production.
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Nevertheless, European Union seemingly moved away from endorsing hydrogen as
fuel in transportation, focusing instead on promoting the production of green hydro-
gen to decarbonise heavy industries, such as steelmaking®®. In late 2021, the “Clean
Hydrogen Partnership” replaced the “Fuel Cells and Hydrogen 2 Joint Undertaking” as
EU'’s principal hydrogen development plan. The move underlined the change in focus in
the EU hydrogen approach from personal and public mobility towards heavy industry.

Nowadays, in the context of transportation, hydrogen is used predominantly as bus
fuel across the European Union, which must cut its transportation emissions by 72%
to be able to reach the 2°C Paris Agreement target!'. However, hydrogen buses are
far from becoming the mainstream solution. In some countries, such as Poland, only a
handful of them are in use in major cities'?, due to lack of financing and the required
infrastructure (hydrogen refueling stations). German cities ramp up their orders for
new hydrogen buses, but they are currently in the initial phases of the procurement
process?®. It seems that the next stage of development of hydrogen technologies in pu-
blic transport is going to be the emergence of hydrogen-fueled trains. For instance, as
part of its hydrogen policy, Poland plans to have its first hydrogen train up and running
by 2025, although it is not out of the question that the first vehicles of this kind will be
operational sooner, as companies intensify their efforts!4.

In terms of private transportation (i.e., personal vehicles), the main barriers to wide-
spread use of hydrogen fuel cells cars are primarily cost and lack of infrastructure. Like
many new technologies, hydrogen fuel cells are expensive to manufacture, produced in
guantities much smaller than their conventional counterparts and still viewed by con-
sumers as a novelty rather than a viable alternative to traditional engines. Safety con-
cerns remain a factor, despite the fact that according to recent research, potential risks
are comparable to, or possibly smaller than, those resulting from the use of gasoline®.
In terms of pricing, hydrogen cars are generally considered more expensive to purcha-
se, which limits their popularity. As far as infrastructure is concerned, it should be no-
ted that hydrogen cars require specialised refuelling stations, which are more difficult
to build and maintain than typical EV charging stations. Hydrogen must be stored,
vaporised and compressed on site, which means that hydrogen charging stations are
more likely to resemble traditional gas stations - and be more expensive to construct
and maintain as a consequence.
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In conclusion, the application of hydrogen as fuel in both public and private transpor-
tation is likely to be slowed down by relatively high investment costs (especially when
funding is more urgently needed in other energy sectors, including RES) and the fact
that the majority of hydrogen that can be currently produced is not green. It seems that
producing clean hydrogen at scale will be only a result of a successful energy transition,
rather than its key component.

References

[1] https:/www.iea.org/reports/tracking-transport-2021

[2] https:/www.destatis.de/Europa/EN/Topic/Environment-energy/Carbon-
DioxideRoadTransport.html

[3] https:/www.iea.org/reports/tracking-transport-2021

[4] https:/www.woodmac.com/news/opinion/evs-the-biggest-lever-in-dri-
ving-the-energy-transition/

[5] https:/www.iea.org/data-and-statistics/data-product/global-ev-outlo-
ok-2022

[6] https://youmatter.world/en/are-electric-cars-eco-friendly-and-zero-emis-
sion-vehicles-26440/

[7] https://inldigitallibrary.inl.gov/sites/sti/sti/3318091.pdf

[8] https:/www.carwow.co.uk/blog/hydrogen-vs-electric-cars#gref

[9] https:/www.euractiv.com/section/energy/opinion/why-von-der-leyens-
european-hydrogen-bank-is-a-bad-idea/

48




FUTURE OF ENERGY REPORT YES-EUROPE

[10] https:/www.euractiv.com/section/energy/news/e2-billion-clean-hydro-
gen-partnership-another-move-awayfrom-hydrogen-cars/

[11] https:/fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Eu-
rope_Report.pdf

[12] https:/www.google.com/search?q=polska+autobusy+wodorowe&-
source=hp&ei=C7QlY7q-MMiqggAa7s7K oCA&iflsig=AJiIKOeBAAAAAYyXC-
G2AGhXbYLZoegbVxOGcy6N2Md1H1&ved=0ahUKEwj676P04Jv6AhVI-
FcAKHbuZDIUQ4dUDCAY&uact=5&oqg=polska+autobusy+wodorowe&gs_
Icp=Cgdnd3Mtd2I6EAMyYBggAEBAQFjIGCAAQHhAWMgUIABCGAZzoFCA-
AQgAQ6CwguEIAEEMcBENEDOgUILhCABDolCC4QgAQQ1AI6CwgUuEIAE-
EMcBEK8BOgllJjol CAAQHhAPEBY6BAgAEBM6CAgAEBAQFhATUABYWR-
ZgrxdoAHAAeAGAAfsBIAGREJIBBjlyLjEuMZgBAKABAQ&sclient=gws-wiz

[13] https:/www.greencarcongress.com/2022/05/20220531-rvk.html

[14] https:/klimat.rp.pl/transport/art36612811-pociagi-na-wodor-wjezd-
zaja-na-tory-w-europie-pojawia-sie-takze-w-polsce

[15] https:/www.sciencedirect.com/science/article/abs/pii/
S036031990900202X




FUTURE OF ENERGY REPORT YES-EUROPE

SOLAR ENERGY

PV energy represents one of the most widespread clean energy resources along with
hydropower and wind. It has been very successful in recent years, accounting for al-
most 10% of the energy generated worldwide. In particular, it generated more than
1,000/TWh in 2021, just below wind energy, which stands at around 1,800/TWh in
the same year.

From 2010 to 2020, we saw an exponential decrease in the production costs of pho-
tovoltaic systems, but an opposite trend occurred between 2020 and 2021 due to the
halt in the production of materials and components because of the COVID-19 pande-
mic. Crucial is the sourcing and cost of a material, polysilicon, which is mostly produced
in China. Emblematic in this regard is the price difference from $11/kg at the beginning
of 2021, to well over $30/kg at the end of the same year.

Although costs have now stabilised, it is clear that these are not everlasting and are,
instead, susceptible to external events. It is expected, however, that in the longer-term
this energy resource will become even more competitive in the world energy market,
and this is mainly due to the continuous research and development of new technologies
that optimise the use of materials and more efficient plant construction. One example
of this is the further adoption of bifacial technologies from increasingly efficient cells.
More specifically, from 2010 to 2020 there has been an increase in crystalline module
efficiency of more than 7%, which is the result of research that has changed the tech-
nigue of plant development.

All in all, when it comes to Solar PV total installation costs, these depend on optimised
production processes, labour costs and module efficiency. By investing more in rese-
arch, and adapting labour and labour costs to new energy trends, together with tax re-
venues from less clean energy, the total production costs of new photovoltaic systems
can be drastically reduced.
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CARBON CAPTURE

The future of Carbon Capture and Storage (CCS) in the European Union has been the
focus of much discussion and research over the past few years. At its core, CCS tech-
nology captures emissions from major industrial sources and stores them underground
in hopefully a future where they can be permanently eliminated.

The technology has been in development for many years, but has hit a few roadblocks
in recent years, most notably the potential cost of constructing and maintaining the ne-
cessary infrastructure. This subtitle will provide a brief overview of CCS technology, in-
cluding an explanation of the potential benefits and costs of implementing this appro-
ach to emission reduction. It will then discuss the legal and economic aspects of CCS
in the European Union, including the likely impact of new legislation and the potential
for private market involvement. Finally, will provide a tentative conclusion on the futu-
re of CCS in the EU, suggesting that while there are many obstacles to overcome, the
potential benefits of this technology warrant continued investment in its development.
CCS technology captures emissions from industrial sources and stores them under-
ground.

The stored emissions can then be disposed of in a way that doesn’t contribute to cli-
mate change, potentially eliminating them from the atmosphere in a future where GHG
emissions are reduced. There are a number of different applications for CCS, including
the capture of CO2 from coal-fired power plants, industrial emissions from oil and gas
production, and the removal of CO2 from waste management facilities.

The potential benefits of CCS depend largely on the future level of global emissions,
but include the following key advantages: Reduced emissions - CCS technology is ef-
fective at reducing emissions from major industrial sources. In some cases, it is esti-
mated that CCS could reduce emissions by up to 90%. CCS technology is simpler and
more efficient than other approaches to emission reduction, such as emissions trading
schemes. This means that it would be easier to comply with existing regulations and
would require fewer resources to manage. Longer-term storage - Unlike other emis-
sion-reducing technologies, such as solar or wind power, CCS has the ability to store
emissions for a prolonged period of time, potentially eliminating them from the atmo-
sphere in a future where GHG emissions are reduced.
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However, despite the many benefits of CCS, the technology has been met with several
roadblocks in recent years. chief among these are the potential cost of constructing
and maintaining the necessary infrastructure, as well as the potential for private sector
involvement.

While these challenges remain, many believe that CCS has the potential to play a signi-
ficant role in reducing global greenhouse gas (GHG) emissions and thereby preventing
the most serious consequences of climate change. The legal and economic aspects of
CCS in the European Union are nascent and largely undefined at this stage. Significant
gaps in the legal framework exist, notably around the ownership and management of
CO2 storage facilities. Some analysts have suggested that private sector involvement
could be crucial to the long-term success of CCS in the EU, but the specifics of this
involvement remain largely absent.

Given the infancy of the legal and economic aspects of CCS in the EU, it is difficult to
provide a definitive conclusion on the likely impact of new legislation. However, it is
likely that new legislation would play a role in accelerating the development and upta-
ke of CCS in the EU. It is also likely that the private sector would be involved to some
degree, although the specifics of this involvement are still largely absent.

In conclusion, CCS technology has the potential to play a significant role in reducing
global greenhouse gas (GHG) emissions and thereby preventing the most serious con-
sequences of climate change. While there are many obstacles to overcome, the poten-
tial benefits of this technology warrant continued investment in its development.
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NUCLEAR ENERGY

Many European countries see nuclear energy as an important solution for achieving
both energy security and climate goals. As of September 2022, there are 171 operatio-
nal reactors spread across 13 European countries?®. However, a handful of EU coun-
tries, notably Germany, oppose the development of more nuclear power plants, which
they consider dangerous and not environmentally friendly. Despite their opposition,
the European Parliament voted to keep nuclear energy in the Complementary Dele-
gated Act for the EU Taxonomy?’. As a consequence, generating energy from nuclear
sources is now formally considered an environmentally sustainable economic activity
- a move that will make it easier to obtain financing for developing new facilities.

All nuclear activities must meet the necessary safety and waste management stan-
dards, be in complete conformity with all applicable legal obligations, use the best
available technology, and be subject to Commission oversight in order to qualify. When
it comes to finance, decommissioning planning, and waste disposal, more and tighter
restrictions have been anticipated in the stated regulation.

1. Research, development and deployment of advanced te-
chnologies (“Generation V") that minimise waste and im-
prove safety standards;

2. New nuclear plant projects with existing technologies for
energy generation of electricity or heat (“Generation I11+”);

3. Upgrades and modifications of existing nuclear plants for
lifetime extension purposes'®
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The countries that want to increase the number of nuclear power plants or build their
first ones usually have in place policy or strategy documents that outline the basic as-
sumptions and goals that are to be achieved in a specific time frame. Below follows an
outline of nuclear energy policies in selected EU countries. About 10% of the world’s
energy is generated by some 440 nuclear power plants. The percentage is not very
high but will increase in view of new plants being built and the reduction in the use of
polluting energy sources. Surprisingly, the cost of energy produced by nuclear power
is higher than that of cleaner energies, such as solar power ranging from $36 to $44/
MWHh, and energy produced by onshore wind between $29 and $55/MWh. Nuclear
power, on the other hand, costs approximately $152/MWh. Without wishing to argue
about the convenience or otherwise of the reliance on nuclear energy, and the time
required for new plants to be built, it is important to focus the analysis on the very cost
of building a plant.

As highlighted by a study by the Nuclear Energy Agency (NEA), the biggest problem
concerns the capital to be invested. Since these are long-term projects, with a plant to
be completed in no less than three years, investors require greater guarantees for their
invested capital, which increases interest rates. Capitalised financial costs therefore in-
crease with the lead time of a project and, as a result, vary significantly from one project
to another. This is also due to the fact that it takes time for the investment to pay off,
which a priori compromises the start of a project, and consequently undermines a pro-
cess of reducing CO2 emissions. It would then be possible to target various points in
the process of building a nuclear plant in order to reduce total costs. Summarizing:

1 Labour costs must be addressed, and this can be reduced by developing more
accurate;

2 Better governance and control of the work could reduce costs, as time would
be;

3 Since turbines and reactors are the most expensive components of the entire
project, it would be useful to invest in research so that engineers would have
more resources to develop new systems that optimise final costs.
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4 By reducing the time, which can be achieved by investing in the previous points
first, financial costs are obviously reduced, and thus the cost of capital is signifi-
cantly reduced, resulting in a total reduction in the cost of building a plant.
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BUILDINGS

Commercial buildings, such as office buildings and shopping malls, also consume a si-
gnificant amount of energy. The energy consumption of commercial buildings is higher
than that of residential buildings due to the need for lighting, heating, cooling, and
ventilation for larger spaces.

To reduce energy consumption in commercial buildings, energy-efficient lighting and
HVAC systems can be installed, and renewable energy sources such as solar and wind
power can be utilized. Energy audits can also be conducted to identify areas for energy
efficiency improvements.

EU member states have implemented various measures to improve the energy efficien-
cy of buildings. These include:

Energy Performance Certificates (EPCs): EPCs provide informa-
tion on the energy efficiency of buildings and are required for
all buildings that are sold or rented out. The certificates rate
buildings on a scale from A (most efficient) to G (least efficient).

o ||

Building Codes: Building codes set minimum energy efficiency
_ standards for new buildings and major renovations.
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ﬂ;— Energy Audits: Energy audits identify opportunities to impro-
Vv ve energy efficiency in buildings and recommend cost-effective
' measures to reduce energy consumption.
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Different EU member states have implemented various initiatives to improve the ener-
gy efficiency of buildings. Here are some examples:

_

Germany has implemented the Energiewende (energy transi-
tion) initiative, which aims to reduce greenhouse gas emissions
by transitioning to renewable energy sources. The country has
also implemented the KfW Efficiency House program, which
provides financial incentives for building owners to invest in
energy-efficient upgrades.

—_

Denmark has implemented the Energy Renovation Scheme,
which provides financial incentives for energy-efficient upgra-
des to buildings. The country also requires all new buildings to
meet the energy efficiency standards of the low-energy class,
which is equivalent to an EPC rating of A.

_

France has implemented the Grenelle de I'lEnvironnement initia-
tive, which sets targets for reducing greenhouse gas emissions
and improving energy efficiency. The country has also introdu-
ced tax incentives and low-interest loans for energy-efficient
upgrades to buildings.
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]

The Netherlands has implemented the Energy Performance of
Buildings Directive, which requires all new buildings to be ne-
arly zero-energy buildings by 2021. The country also provides
subsidies for energy-efficient upgrades to buildings.

The building sector is not the only sector that consumes energy. Other sectors, such as
transportation and industry, also play a significant role in energy consumption. Howe-
ver, the building sector is unique in that it offers a significant opportunity for energy
savings through energy efficiency improvements.

According to the International Energy Agency, the building sector has the potential to
deliver almost 40% of the energy savings required to meet global energy and climate
goals. In comparison, the transportation sector has a potential to deliver approximately
25% of energy savings, while the industry sector has a potential to deliver around 15%
of energy savings.

Therefore, while other sectors also contribute to energy consumption, the building
sector is uniquely positioned to make a significant contribution to reducing energy
consumption and greenhouse gas emissions through energy efficiency improvements.

In conclusion, the building sector, including both residential and commercial buildings,
is a significant consumer of energy globally. However, through the implementation of
energy-efficient measures, such as the use of renewable energy sources and energy-ef-
ficient lighting and appliances, significant energy savings can be achieved. Compared
to other sectors, the building sector offers a significant opportunity for energy savings,
making it an important area of focus for policymakers and energy efficiency experts.
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As global temperatures continue to rise, the need for cooling technologies in the bu-
ilding sector has become increasingly important. In the European Union (EU) member
states, cooling technologies are used in both residential and commercial buildings to
maintain comfortable indoor temperatures.

There are two main types of cooling technologies:

Active Cooling Technologies

Active cooling technologies rely on electricity to function and include air con-
ditioning units and mechanical ventilation systems. These technologies are
effective at providing quick and consistent cooling, but they consume a signi-
ficant amount of energy and can be costly to operate.

In recent years, there has been a push towards more energy-efficient active
cooling technologies in the EU. For example, the EU has implemented regu-
lations that require air conditioning units to meet minimum energy efficiency
standards. This has resulted in the development of more energy-efficient air
conditioning units, such as those that use inverter technology or utilise natural
refrigerants instead of synthetic ones.

Passive Cooling Technologies

Passive cooling technologies, on the other hand, rely on natural phenomena
such as ventilation and shading to cool buildings. These technologies do not
require electricity to function and can be more cost-effective in the long run.

Passive cooling technologies include natural ventilation, shading devices such
as blinds and awnings, and building orientation and design to maximise natu-
ral ventilation and shading. Passive cooling technologies can be particularly
effective in areas with mild to moderate climates, where cooling demands are
lower.
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According to the European Environment Agency, energy use for cooling buildings has
increased by 212% in the last decade. Passive cooling technologies can reduce energy
consumption for cooling in buildings by up to 90%. Passive cooling technologies can
also improve indoor air quality and provide a more comfortable indoor environment.

The need for cooling technologies differs from one country to another according to the
diverse weather conditions.

-
e

Spain is known for its hot and dry summers, and cooling tech-
nologies are a necessity in many buildings. Active cooling tech-
nologies such as air conditioning units are commonly used in
residential and commercial buildings in urban areas.

However, passive cooling technologies are also gaining popu-
larity, especially in rural areas. One example of passive cooling
technology used in Spain is the use of earth tubes. These are
underground pipes that circulate cool air into buildings.

Italy has a warm Mediterranean climate, and cooling technolo-
gies are commonly used in buildings. Active cooling technolo-
gies such as air conditioning units are prevalent in commercial
buildings. In residential buildings, passive cooling technologies
such as shading devices and cross-ventilation are commonly
used. One example of passive cooling technology in Italy is the
use of loggias. These are open-air spaces that provide shade
and ventilation to buildings.

60




FUTURE OF ENERGY REPORT YES-EUROPE

Belgium has a temperate climate, and cooling technologies are
not as commonly used as in warmer countries. However, with
the increase in summer temperatures due to climate change,
cooling technologies are becoming more prevalent. Passive co-
oling technologies are the most commonly used in Germany,
and building regulations require energy-efficient design featu-
res.

Sweden has a cooler climate than many other EU countries, and
the need for cooling technologies is relatively low. However,
with the increase in summer temperatures, cooling technolo-
gies are becoming more prevalent. Passive cooling technologies
are the most commonly used in Sweden, and energy-efficient
building design is a priority.

One example of passive cooling technology used in Sweden is
the use of thermal mass. This is the use of materials that can
absorb and release heat, providing a natural cooling effect.

—

—
Greece has a hot and dry climate, and cooling technologies are
necessary in many buildings. Active cooling technologies such

as air conditioning units are commonly used in both residential
and commercial buildings.

However, passive cooling technologies are also gaining popula-
rity. One example of passive cooling technology used in Greece
is the use of wind towers. These are tall structures that provide
ventilation and cooling to buildings.
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In conclusion, active cooling technologies currently dominate the building sector in
Europe, particularly in countries with warmer climates. However, there is a growing
interest in passive cooling technologies due to their energy efficiency and low environ-
mental impact. As building codes and regulations become more focused on sustaina-
bility, it is likely that the share of passive cooling technologies will continue to grow in
the coming years.
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Reducing energy consumption in the building sector is essential for both individuals
and policymakers to tackle climate change and meet energy targets. Here are some re-
commendations for both individuals and policymakers to reduce energy consumption
in the building sector:

Recommendations for Individuals

1 Upgrade insulation: One of the simplest and most effective ways to reduce
energy consumption in the building sector is to upgrade insulation. This helps
to keep the building warm in winter and cool in summer, reducing the need for
heating and air conditioning.
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2 Install energy-efficient lighting: Switching to energy-efficient lighting such as
LED bulbs can help to reduce energy consumption significantly. They consume
less energy and last longer than traditional incandescent bulbs.

3 Upgrade to energy-efficient appliances: Replacing old appliances with ener-
gy-efficient models can help to reduce energy consumption significantly. Look
for appliances with the Energy Star label, which indicates that they meet energy
efficiency guidelines.

4 Use natural light: Maximising natural light in a building can reduce the need for
artificial lighting, which in turn reduces energy consumption.

5 Optimise temperature control: Setting the thermostat to a reasonable tempe-
rature can help to reduce energy consumption. Reducing the temperature in
winter and increasing it in summer can help to save energy.

Recommendations for Policymakers

Implement building codes: Policymakers should implement building codes that 1

mandate energy-efficient designs and construction practices. This will ensure

that new buildings meet energy efficiency guidelines and help to reduce energy
consumption in the building sector.

Provide incentives: Policymakers can provide incentives for property owners 2

to upgrade insulation, install energy-efficient lighting, and replace old applian-

ces with energy-efficient models. This can include tax incentives, rebates, and
grants.
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Increase public awareness: Policymakers should increase public awareness 3
about the importance of energy efficiency in buildings. This can include public
campaigns, educational programs, and workshops.

Encourage the use of renewable energy: Policymakers should encourage the 4
use of renewable energy sources such as solar and wind power in the building
sector. This can include incentives for property owners to install solar panels or

wind turbines.

Implement energy efficiency programs: Policymakers should implement ener- 5
gy efficiency programs that target the building sector. This can include energy
audits, energy management systems, and building retrofit programs.

The benefits of reducing energy consumption in the building sector are significant. It
can help to reduce greenhouse gas emissions, lower energy bills for individuals and
businesses, and create jobs in the energy efficiency industry. Additionally, energy effi-
ciency measures can improve indoor air quality and make buildings more comfortable
for occupants.

Moreover, reducing energy consumption in the building sector can help to create a
more sustainable future. With the world’s population expected to reach 9 billion by
2050, the demand for energy is only going to increase. Therefore, it is essential to re-
duce energy consumption in the building sector and promote sustainable development.
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6. Final thoughts
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The Russia-Ukraine war has quickly sent shock waves to the European economy, cau-
sing an increase in price of primary energy commodities, thus influencing all the energy
chain.

Furthermore, the uncertainty related to the supply of natural gas from Russia repre-
sents a matter of interest for the future of our continent, both in short and long term.
According to the European Commission, 85% of Europeans believe that the EU should
reduce its dependency on Russian gas and oil as soon as possible to support Ukraine.
Concerning young Europeans, we interviewed a sample population in order to investi-
gate how they are perceiving this energy crisis and whether and how they are facing it.
Almost 80% of them think that this unstable condition is already having an impact on
their daily life.

During the last winter, 54% of the interviewees turned down their heating system
whenever it was possible, in order to save natural gas but also money as its price expe-
rienced a steep increase after the beginning of the war. Only 5% of the total sample
population continuously turned down the heating system, even giving up their own
comfort.

Concerning expectations for last summer the statistics are much more heterogeneous.
To the question “During this summer, how much are you willing to use less air-cooling?”
16% replied “Not at all”, 16% “l won't use it”, while the remaining fraction is mostly not
supposed to renounce to keep home cool. This result may be due to the fact that this
survey was conducted in the first weeks of this summer, when the hot temperatures
were already taking toll in all the continent, reaching, for instance, the unprecedented
40°C in the UK and temperatures even higher in the Mediterranean area.

After investigating the behaviour in the residential sector, responsible for 28% of final
energy consumption, we focused on the transport sector, as oil products’ price has
started increasing significantly after the invasion. For instance, smart working was re-
vealed to be a usual solution to save money for private transport for almost 45% of
young people, comprehending students and employees. However, for those owning a
car, 53% declared that they have not started yet to use it economically, for instance
reducing speed whether possible. At the same time, 64% of interviewees have signifi-
cantly increased the use of public transport in this year. Indeed, 45% preferred many
times to walk or bike short journeys instead of driving. In this context, it is fundamental
to enhance this positive trend, as it is happening in Spain, where the government
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has recently announced that 100% of local rail transport season tickets will be refun-
ded to passengers while in Germany the choice to reduce to €9 the three-month se-
ason, valid for all local public transport (i.e., trams, regional trains, metros and ferries),
has provoked a huge shift of the demand from private to public transport.

Summing up, there is a higher willingness to reduce consumption and also CO2 emis-
sions in the transport sector rather than in the residential one. Surely, energy saving
alone can not be the answer for Europe’s energy security issues, as it needs to be sup-
ported by actions such as energy efficiency improvements, diversification of supplies
and roll-out of renewable energy.

However, energy savings are the quickest and cheapest way to address the current
energy crisis, and reduce bills as stated by the European Commission in the REPowe-
rEU plan. Therefore, knowing which is the perspective of young Europeans can be a
starting point for a further discussion. Finally, 77% of them declared to be worried
about what may happen during next winter, when natural gas demand will reach its
annual peak and the political situation will still be too uncertain.
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