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Content

This paper examines the financing and tariff structures
necessary to modernize and expand Europe’s electric-
ity grids while ensuring fair cost distribution among
consumers. It begins by analyzing the impact of rising
grid tariffs on households across Europe, highlighting
significant variations between countries, particularly
the higher burden faced by lower-income households
in Central and Eastern Europe.

The study then explores the investment needs of elec-
tricity grids, including transmission and distribution
networks, and evaluates different financing options.
These include national public financing, EU-level

Publisher

Forum Okologisch-Soziale Marktwirtschaft (FOS)
Schwedenstrasse 15a
13357 Berlin

Tel +49 (0) 30 76 23 991- 30
Fax +49 (0) 30 76 23 991- 59

foes.de - foes@foes.de

About FOS

The Forum Okologisch-Soziale Marktwirtschaft e.V
(FOS) is anon-partisan and independent political think
tank. Since 1994, we have been advocating for the evo-
lution of the social market economy into an ecological-
social market economy. As both initiators and consen-
sus builders, we engage with decision-makers and key
stakeholders.

Picture Credits

Picture cover page: pexels.com

Forum Okologisch-Soziale Marktwirtschaft e.V.

funding, private investments, and infrastructure funds,
each with distinct advantages and challenges. The pa-
peralso assesses various grid tariff design options, such
as volumetric pricing, capacity-based tariffs, and time-
of-use tariffs, examining their effects on energy policy
goals, revenue stability, and consumer fairness.

The findings emphasize the need for a diversified ap-
proach, integrating multiple financing mechanisms
and tariff structures to balance affordability, efficiency,
and sustainability.

To this end, we conduct independent research, de-
velop concrete policy concepts, and contribute to the
debate on modern environmental policy through con-
ferences, background discussions, and publications.
FOS is committed to a continuous ecological financial
reform that strengthens both environmental sustaina-
bility and economic resilience.
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Abstract

The modernization and expansion of Europe's electricity grid are essential to ensuring energy security, integrat-
ing renewable energy, and meeting climate targets. Rising electricity demand from electrifying heating and
transport further underscores the urgency of grid investments. Delaying these investments could result in bottle-
necks, higher long-term costs, and missed opportunities to optimize grid efficiency. A robust, well-financed grid in-
frastructure is crucial to facilitating the energy transition while maintaining a stable and reliable power supply.

An analysis of Eurostat data reveals that grid fees already represent a significant share of household electricity
costs across Europe, though the burden varies by country. Central and Eastern European (CEE) countries face
particularly high grid cost burdens relative to household income. In Bulgaria, for instance, the proportion of income
spent on grid fees is nearly five times higher than in Denmark. Since grid operators generally recover investment
costs through consumer-paid tariffs, expanding grid infrastructure without financial reform risks exacerbating en-
ergy poverty and inequality.

To address these challenges, a mix of financing mechanisms is available to support grid investments while minimiz-
ing the financial burden on consumers. These include national public financing, EU-level funding, private invest-
ments, and infrastructure funds. While public financing offers lower-cost capital, private sector involvement can
accelerate deployment and drive innovation. EU funding mechanisms, such as the Connecting Europe Facility and
the Modernization Fund, provide additional opportunities, particularly for lower-income countries. However, each
financing option comes with trade-offs, and their effectiveness depends on a country's regulatory framework, grid
ownership structure, and economic conditions. A tailored approach is therefore necessary to ensure cost efficiency
and affordability.

Beyond financing, grid tariff structures play a crucial role in balancing cost recovery, system efficiency, and
fairness. While volumetric tariffs provide a predictable revenue stream, they do not reflect actual grid usage
patterns or peak demand costs. Capacity-based tariffs align charges with peak consumption but may
disproportionately impact low-income households. Time-of-use tariffs offer a promising solution for optimizing
grid usage and integrating renewables, but their implementation depends on widespread smart meter adoption.
Progressive tariffs, which charge higher rates for excessive consumption, can enhance affordability for low-income
households but introduce administrative complexity. Given the strengths and limitations of each approach, no
single tariff design can fully satisfy all policy goals. Instead, a well-balanced combination of different tariff
elements—aligned with the specific circumstances of each country—is recommended.

Ultimately, securing the future of Europe’s electricity grids requires a comprehensive strategy that integrates
diversified financing options and well-designed tariff structures. Policymakers must carefully balance investment
needs, affordability concerns, and incentives for efficient grid use. A coordinated effort among governments,
regulators, and market participants will be key to achieving an energy transition that is both sustainable and
equitable.

Forum Okologisch-Soziale Marktwirtschaft e.V.
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1 Background and Aim

The European Union (EU) has set an ambitious goal to
achieve climate neutrality by 2050. Central to this ob-
jective is the widespread adoption and integration of
renewable energy sources. This transition is critical for
decarbonizing key sectors such as industry, heating,
and mobility, which increasingly rely on electrification.
As a result, electricity demand across Europe is ex-
pected to rise significantly in the coming decades (Eu-
ropean Commission 2019).

This shift from centralized fossil fuel-based generation
to decentralized and variable renewable energy gener-
ation, coupled with rising electricity demand, place un-
precedented demands on the EU's electricity grid. To
accommodate these changes, the grid must not only
expand but also undergo significant modernization to
become more robust, flexible, and digitally enabled.

The importance of this transformation is underscored
in key strategic documents such as the Grids Action
Plan (European Commission 2023) and the Council
Conclusions on Sustainable Energy Infrastructure
(Council of the European Union 2024). These initia-
tives highlight the need for a future-proof electricity
network as a foundational pillar in achieving the EU’s
climate and energy targets. However, the scale of in-
vestment required to modernize and expand the grid is
immense. Overall, total grid investment needs are pro-
jected at €584 billion by 2050, covering electricity
transmission, distribution, and digital infrastructure
(European Commission 2023).

By 2030, approximately €170 billion must be directed
toward electricity networks, including €50 billion for
cross-border interconnections and €120 billion for dis-
tribution systems critical to integrating renewable en-
ergy and new demand sources such as electric vehicles
and heat pumps. Furthermore, adapting the grid for
decentralized renewable energy integration to meet
the EU’s target of 1,000 GW of renewable energy ca-
pacity by 2030 requires an additional €150 billion (Eu-
ropean Commission 2023).

Despite these pressing needs, how this financing will be
secured and how costs will be distributed among stake-
holder public authorities, private investors, and con-
sumers—remains uncertain. At present, most grid-re-
lated costs incurred by operators are passed on to con-
sumers through network tariffs. While this approach
ensures immediate cost recovery, it has led to rising
electricity prices, which disproportionately affect so-
cio-economically vulnerable households (Dieler
2020).

Forum Okologisch-Soziale Marktwirtschaft e.V. « Green Budget Germany

Aim of the briefing

This briefing aims to provide a comprehensive analysis
of the financing challenges and opportunities associ-
ated with modernizing and expanding Europe’s elec-
tricity grid. Its overarching objective is to identify solu-
tions that balance the urgent need for grid investments
with the imperative to protect consumers, particularly
the most vulnerable, from undue financial burden.

The paper is structured as follows:

1. Impact of Rising Grid Tariffs on Consumers:
The first section examines the likely effects of
increasing network tariffs on households, with
a focus on socio-economic disparities. It ad-
dresses the challenge of financing grid mod-
ernization without exacerbating existing cost-
of-living pressures, especially in light of politi-
cal resistance to rising energy costs in some
regions.

2. Exploration of Alternative Financing Mech-

anisms:
The second section evaluates potential fi-
nancing options for grid investments. This in-
cludes leveraging existing EU funds, mobiliz-
ing private investments, and exploring inno-
vative funding mechanisms to support grid
operators while minimizing cost impacts on
households.

3. Analysis of Grid Tariff Design:
The third section investigates the principles
underpinning grid tariff structures and their
role in advancing the energy transition. It as-
sesses the implications of different tariff de-
signs for equity, affordability, and the socio-
economic wellbeing of households across the
EU.

By addressing these dimensions, this briefing seeks to
contribute to an equitable and sustainable pathway for
financing Europe’s energy transition, ensuring that grid
modernization supports both climate goals and social
cohesion.
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2 The impact of rising grid tariffs on
consumers

2.1 Social implications of rising grid
tariffs

Energy costs, particularly grid tariffs, have profound so-

cial implications:

= Energy poverty: Central and Eastern European
countries (CEE countries) face high levels of energy
poverty due to low incomes, energy-inefficient
housing, and limited access to renewable energy or
energy efficiency measures. Rural households in
these regions are disproportionately affected, of-
ten relying on solid fuels for heating and lacking ac-
cess to modern energy solutions (European Parlia-
ment 2022).

= Equity concerns: Inregionswith high grid costsrel-
ative to income, rising tariffs exacerbate inequality,
disproportionately impacting low-income house-
holds and undermining their ability to meet basic
needs.

The need for grid modernization

Modernizing electricity grids is essential for enabling

the energy transition and ensuring long-term afforda-

bility:

= Reducing long-term costs: Investment in smart
grids and efficient infrastructure minimizes energy
losses, enhances reliability, and reduces opera-
tional costs over time.

= Facilitating renewable energy integration: Smart
grids support decentralized energy sources, energy
communities, and demand-side flexibility, critical
for decarbonizing the energy system.

= Addressing energy poverty: Upgraded grids, com-
bined with targeted policies, can lower energy costs
for vulnerable households and reduce reliance on
inefficient, high-cost energy sources.

Balancing investment and consumer protection

Rising grid tariffs, while necessary for financing grid
modernization, must be carefully managed to avoid
undue financial strain on households (CAN Europe
2024).

2.2 Impact of grid tariffs on
households across Europe

To assess the impact of grid tariffs on households in the
different EU member states, we analyzed Eurostat
data ' for 2022 on electricity consumption per

1 https://ec.europa.eu/eurostat/de/web/main/home
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household and average grid tariffs per kWh. We set the
total grid costs (as a product of electricity consumption
and grid tariffs) in relation to income of households.

2.2.1 Electricity consumption

The average electricity consumption of households
varies widely across EU Member State (see Figure 1)
and depends, among other things, on the extent to
which electricity is used for heating.

= Lowest consumption (<2,500 kWh peryear): CEE
countries such as Romania, Latvia, Lithuania and
Poland, but also Italy, consume less than 2,500
kWh per household and year.

= Mid-range consumption (2,500 - < 5,000 kWh
peryear): 19 of the 27 Member States, including the
other CEE countries, have a consumption of be-
tween 2,500 and 4,999 kWh per household and
year.

= Highest consumption (>5,000 kWh peryear): Fin-
land, Sweden Cyprus and France show a consump-
tion of over 5,000 kWh per year. Sweden and Fin-
land have a high proportion of heat pumps and e-
cars. Electricity is also often used for heating in
France. Air conditioners are widely used in Cyprus.

2.2.2 Grid tariffs

Grid costs for households vary widely across Europe,
reflecting differencesin grid infrastructure, investment
strategies, and national energy policies. The following
examplesillustrate the different approaches:

= Poland and Czechia: Despite significant grid con-
gestion and curtailment issues, grid tariffs have de-
creased by 9% in Czechia and 7% in Poland, be-
tween 2017 and 2022. However, this decline has co-
incided with reduced grid investments, jeopardiz-
ing infrastructure reliability and renewable energy
goals (CAN Europe 2024).

= Bulgaria: In contrast, Bulgaria has significantly in-
creased grid investments, aiming for a tenfold in-
crease between 2022 and 2030 to support ambi-
tious solar capacity expansion. This strategy aligns
with its energy transition goals but raises concerns
about affordability for households. Between 2017
and 2022 grid tariffs increased by 65% (CAN Eu-
rope 2024; Eurostat 2024).

Figure 1shows the different grid tariffs per kWh in 2022
according to Eurostat data (for the specific consuming
bands):


https://ec.europa.eu/eurostat/de/web/main/home
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= Lowest costs (< €0.040/kWh): Cyprus
(€0.024/kWh), Malta (€0.027/kWh), Greece

(€0.027/kWh), and Bulgaria (€0.038/kWh).

= Mid-range costs (€ 0.04/kWh - < € 0.08/kWh):
21 EU member states, e.g. Estonia (€0.052/kWh),
Portugal (€0.054/kWh), Latvia (€0.055/kWh)
and Lithuania (€0.058/kWh)

= Highest costs (from €0.08/kWHh): Germany
(€0.080/kWh), Belgium (€0.091/kWh) and lIre-
land (€0.102/kWh),

The average EU grid costis €0.067/kWh. These figures
highlight the disparities in electricity costs across the
region, influenced by factors such as grid moderniza-
tion levels, energy policy priorities, and economic con-
ditions.

Figure 1: Consumption per Household (kWh per year) and Grid Tariff (€/kWh), 2022
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2.2.3 Total grid costs of households

The total annual expenditure for the average house-
hold results from electricity consumption and grid tar-
iffs per kWh. Figure 2 shows the absolute burden in €
per household and year. Households in Ireland face the
highest costs (almost €450 /year), with the high grid
tariffs per kWh having a major impact, while the elec-
tricity consumption is average. In Sweden and Finland,

Forum Okologisch-Soziale Marktwirtschaft e.V.

on the other hand, high electricity consumption is the
main determining factor for the total costs. Germany is
in the upper midfield with costs of €259/year for grid
tariffs. None of the CEE countries is above the EU av-
erage in terms of the absolute level of costs. Except for
Croatia, all CEE countries have costs of less than
€200/year for an average household. This is because
both electricity consumption and grid costs per kWh
are comparatively low.
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Figure 2: Total grid tariff costs (€), 2022.
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2.2.4 Share of grid costs on netincome

However, in view of low household incomes in CEE
countries, the relative burden (share of grid costs on
netincome)is usually higher compared to the EU aver-
age (1.13%). In Bulgaria and Croatia, the burden is over
2% of netincome. The lowest burden occurs in high-in-
come countries that have both moderate electricity
consumption and grid tariffs (Denmark, Luxembourg,
the Netherlands). Figure 3 shows results for all 27 EU
member states.
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Lowest burden (< 0.75%): Denmark (0.49 %), Lu-
xembourg (0.53%), Netherlands (0.56%), Cyprus
(0.58%), Malta (0.59%),

Mid-range burden (0.75% - < 1.5%): 17 member
states such as Italy (0.89%), Latvia (0.90%), Ger-
many (0.91%), France (0.95%), Estonia (0.95%),
Czechia (1.11%), Poland (1.21%), Finland (1.36%),
Sweden (1.41%) and Romania (1.49%)

Highest burden (from 1.5%): Spain (1.53%), Slovakia
(1.72%), Hungary (1.88%), Croatia (2.16%) and Bul-
garia (2.38%)
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Figure 3: Share of grid tariff costs on net income (%),2022.
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2.2.5 Keytakeaways

Grid tariffs vary widely across EU Member States:
They are over four times higher in Ireland than in
Cyprus. The EU average is about €0.067/kWh,
ranging from about €0.024/kWh to over
€0.10/kWh.

The average electricity consumption of house-
holds also varies greatly: The consumption de-
pends, among other things, on the extent to which
electricity is used for heating or cooling as well as for
electromobility. Consumption in Finland and Swe-
denis more than four times higher than in Romania.

The absolute level of annual network costs of
households also shows a widespread: A house-
hold in Ireland pays almost five times as much as a
household in Romania.

The relative burden in relation to income, i.e. the
proportion of income spent on network costs, is
particularly important: Again, we find a large
spread. Households in some CEE countries are par-
ticularly affected due to low incomes. Spain also has
a comparatively high burden. For households in
Bulgaria, the relative share of costs in net income is
2.38%, almost five times as high as in Denmark
(0.49%).

Grid tariffs are only one price component of the
electricity price: Depending on the country, the

Forum Okologisch-Soziale Marktwirtschaft e.V.
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share of grid tariffs on total electricity price can vary
greatly. In addition to procurement costs, other
taxesand levies on electricity in particular play a key
role in how high the overall electricity price is. Data
on the absolute level of the electricity price is also
available from Eurostat.

Energy is essential for safety, health, and eco-
nomic well-being: A modern and reliable electric-
ity grid ensures uninterrupted access to power
while supporting renewable energy integration and
enhancing energy security. However, rising net-
work tariffs—driven by the need for significant grid
investments—present affordability challenges for
households, particularly the most vulnerable.

Rising grid tariffs driven by the need for modern-
ization and investment therefore affect house-
holds in the countries to varying degrees: Even if
grid tariffs per kWh were to rise equally in all mem-
ber states, due to lower incomes, households in
CEE are particularly burdened. Therefore, solutions
must be found for the financing of investments / re-
financing via grid tariffsin order not to burden these
households disproportionately. Various options are
presented in the next chapters.
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3 Electricity grids in Europe -
ownership and investment needs

Investments in the modernization, expansion, and
management of electricity grids are approached differ-
ently across Europe. These differences stem from vary-
ing grid structures, ownership models, and regulatory
frameworks in each country. The European electricity
network consists of two interconnected layers: high-
voltage transmission grids, responsible for transporting
electricity over long distances, and medium-to-low-
voltage distribution grids, which connect most end-us-
ers to the system. Transmission grids are intercon-
nected across most neighboring European countries,
allowing for cross-border electricity flows.

The European Union mandates that grid operators
must function independently to ensure non-discrimi-
natory access for all market participants. The regulatory
framework introduced under the Third Energy Pack-
age in 2009 specifies ownership and operational re-
quirements for transmission and distribution grids.
However, each EU member state hasits ownregulatory
approach to determining investment incentives and
return structures for TSOs and DSOs. National regula-
tors oversee the financial and operational frameworks
that govern grid operators, influencing their ability to
recover investment costs and maintain financial stabil-
ity while expanding and modernizing the grid.

This chapter provides an overview of the current frame-
work for electricity grids, with a specific focus on Ger-
many and Poland.

3.1 Transmission Grid

The Third Energy Package of 2009 introduced strict
unbundling rules for transmission system operators
(TSOs), safeguarding that no market participants will
face discriminatory grid access (European Commission
2024; European Parliament/European Council 2024).

The EU’sunbundling rules for TSOsinclude three mod-
els:

e Ownership Unbundling: Energy companies
must divest their transmission networks en-
tirely, preventing any supply or production
company from holding a majority share or in-
terfering in TSO’s operations.

e Independent System Operator (ISO): Energy
supply companies may retain ownership of
transmission networks but must delegate op-
eration, maintenance, and investment re-
sponsibilities to an independent company.

e Independent Transmission System Operator
(ITO): Energy supply companies may own and
operate

transmission networks via
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subsidiaries, provided all critical decisions are
made independently.

TSOs are subject to the oversight of national regulators
to ensure compliance with these unbundling require-
ments (European Commission 2024; European Parlia-
ment/European Council 2024).

Many TSO's are fully or partially owned by the state.
While many countries have one TSO, some countries,
e.g., Germany, have multiple. In Germany there are four
TSOs (see Figure 4).

e 50Hertz: The federal government holds a 20%
stake through the state-owned KfW bank.

e TransnetBW:The federal government holds a 25%
stake through KfW in this subsidiary of EnBW.

e  Amprion: Privately owned by a consortium of in-
vestors, including infrastructure funds.

e TenneT: Owned by the Dutch government, with

ongoing discussions about German government
participation.

Figure 4: Four Transmissions System Operators in
Germany

Source: (Bundesnetzagentur 2025a)

Poland has one state-owned TSO, Polskie Sieci El-
ektroenergetyczne (PSE). The Polish State Treasury
entirely owns PSE.

3.2 Distribution Grid

Distribution system operators (DSOs) are subject to
less stringent unbundling requirements (European
Commission 2024; European Parliament/European
Council 2024).:

e |egalUnbundling: DSOs must be separate le-
gal entities from vertically integrated utilities.

e  Functional Unbundling: DSOs must maintain
independencein decision-making and organ-
ization.

e Accounting Unbundling: Separate financial
records are required for distribution activities.

DSOs serving fewer than 100,000 customers are ex-
empt from legal and functional unbundling
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requirements (European Commission 2024; European
Parliament/European Council 2024).

Germany’s distribution grid is highly fragmented, with
866 DSOs, some of which are municipal utilities, some
are private energy companies, and some are public-pri-
vate partnerships (Bundesnetzagentur 2023).

The Polish distribution grid is divided into 205 DSOs
(Lighthief 2024). Poland’s largest DSOs are legally un-
bundled but primarily owned by vertically integrated
state-controlled companies:

e PGE Dystrybucja (owned by Polska Grupa
Energetyczna).

e Tauron Dystrybucja (part of the Tauron
Group).

e Energa Operator and Enea Operator are also
state-controlled.

3.3 Investment needs

The energy transition poses significant challenges for
grid infrastructure, necessitating large-scale invest-
ments to accommodate decentralized renewables,
electrification, and digitalization.

The EU estimates multi-billion-euro investments are
required annually to modernize and expand grids
across Member States. The European Commission es-
timates an investment need of €584 billion by 2050
(European Commission 2023):

e €113 billion for electricity transmission,
e €294 billion for electricity distribution,
e €177 billion for digital infrastructure.

The German ministry of energy an economics esti-
mated an investment need of €50 billion for the ex-
pansion of the transmission grid by 2030 (BMWK
2023). Other studies estimate an investment need of
€651 billion by 2045 for all investments into the power
grid (Institut far

Konjunkturforschung 2024).

Makrookonomie und

Poland’s grid investment needs are estimated at over
€110 billion by 2040, including €28 billion for distribu-
tion networks by 2030 (CAN Europe 2024).

4 Financing and refinancing grid
investments.

Investments in grid infrastructure are pivotal for sup-
porting the energy transition, integrating renewable
energy sources, and ensuring energy security. To mod-
ernize and expand the electricity grid, grid operators
across Europe rely on a mix of public and private fund-
ing mechanisms. These mechanisms are designed to
balance affordability for consumers with the financial

Forum Okologisch-Soziale Marktwirtschaft e.V.

needs of grid operators to enhance and sustain the
grid.

While financing mechanisms ensure the availability of
capital for grid expansion, affordability remains a key
consideration. In many countries, e.g., in Germany, the
majority of grid investment costs are recovered
through consumer-paid network tariffs. Investment
strategies, regulated returns on investment and inter-
est costs incurred from loans and debts therefore have
adirect effect on household electricity bills.

4.1 Strategic Investment Planning
and Capital Allocation

Grid expansion and modernization begins with a thor-
ough assessment of grid expansion needs, which are
based on projected energy demand, grid stability re-
quirements, and regulatory targets. Grid operators de-
velop comprehensive investment plans to outline the
necessary infrastructure upgrades and their financing
strategies which have to be approved by the national
regulatory authority (BMWK 2023; Bundesnetzagen-
tur 2025b).

4.2 Unlocking private capital for
grid investments

To meet investment needs, grid operators will often
rely on private investments and loan capital. Private fi-
nancing mechanisms include bond issuances, bank
loans, and equity financing, which provide crucial fund-
ing for grid modernization and the integration of re-
newable energy (European Investment Bank 2023).

The return on equity is set by the national regulatory
authority to balance investor incentives with consumer
protection. A higher return increases investment prof-
itability but also raises consumer costs through grid tar-
iffs (tagesschau.de 2023). In Germany, for example, the
currentregulated return on equity stands at 7.23 % pre-
tax. The rate has recently increased to attract more in-
vestment. However, the level of return on equity has
been criticized as a driver for rising grid tariffs (Bundes-
netzagentur 2024a; VZBV 2019).

Private financing introduces efficiency and innovation,
asinvestors seek to optimize grid operations and adopt
modern technologies. However, private capital gener-
ally is attached to higher interest rates than public fi-
nancing, leading to higher overall investment costs.
These costs are typically passed on to consumers
through grid tariffs. Fully relying on private investments
at high equity return rates will, in the long term, result in
increased grid tariffs, placing a financial burden on
households and businesses. Reducing the return on
equity could lower consumer costs but may also dis-
courage private sector participation, potentially
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leading to underinvestment in grid infrastructure (In-
stitut far Makrodkonomie und Konjunkturforschung
2025).

The cost of private financing also depends on the cre-
ditworthiness of grid operators and market conditions.
Grid companies that take on high levels of debt may ex-
perience credit rating downgrades, which, in turn, in-
creases borrowing costs. Some economists predict that
due to the large volume of capital required for grid in-
vestments, the creditworthiness of some grid operators
may decline, limiting access to affordable financing op-
tions (Dezernat Zukunft 2024).

Larger transmission system operators (TSOs) can issue
bonds to access capital markets, while smaller distribu-
tion system operators (DSOs) often rely on bank loans,
which can be more expensive. In a notable example of
equity financing, National Grid (the UK’s TSO) exe-
cuted the largest rights issuance in the UK since 2009,
raising £7 billion in 2024 to finance grid expansion. This
illustrates how equity financing can be a viable alterna-
tive to debt for large-scale infrastructure projects
(Bruegel 2025).

Policymakers must carefully balance private sector in-
volvement to ensure that grid investments remain both
attractive forinvestors and affordable for consumers. A
diversified financing approach, combining private cap-
ital with public funding mechanisms, can help mitigate
cost impacts while ensuring sufficient investment in
the electricity grid.

4.3 The role of public financing

To reduce borrowing costs, and to ensure sufficient ac-
cess to funding, national governments can leverage di-
rect budget allocations, low-interest loans and public
borrowing to finance grid investments.

Public financing offers strategic advantages, including
lower borrowing costs compared to private entities, re-
ducing the overall financial burden on consumers.
Moreover, public funding enables centralized and stra-
tegic resource allocation, prioritizing critical infrastruc-
ture projects essential for the energy transition. Long-
term public commitments foster a stable planning en-
vironment, which is crucial for large-scale grid invest-
ments. However, direct budget allocations from the
government create political dependencies. Public fi-
nancing is subject to changing political priorities and
public support. In times of budgetary constraints, gov-
ernments may struggle to allocate sufficient funds for
grid investments, as competing demands for public re-
sources can limit available financing. Additional public
spending can require tax increases or budget realloca-
tion, which may face political and social resistance.
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4.3.1 EU-level financing: Opportunities and
Challenges

At the EU level, grid investments can be supported
through various funding mechanisms, including the
European Investment Bank (EIB), the Connecting Eu-
rope Facility - Energy (CEF-E), the Cohesion Fund,
and the Modernization Fund. These financing instru-
ments aim to foster cross-border energy infrastructure,
support low-carbon energy projects, and address re-
gional disparities in grid development.

The EIB has played a significant role in financing energy
infrastructure, with €4 billion invested in domestic
electricity networks and €3.5 billion in cross-border
electricity projects between 2010 and 2022, covering
40% of total project investment costs (EIB 2023). Ad-
ditionally, the European Bank for Reconstruction and
Development (EBRD) provides financial support for
grid projects, particularly in the EU’s newer member
states and Greece.

The CEF-E, the EU’s primary fund for energy infra-
structure, has allocated €5.8 billion to the energy sec-
tor for the period 2021-2027. The Cohesion Fund pro-
vides financing for national electricity networks, focus-
ing on reducing socio-economic disparities. Mean-
while, the Modernization Fund, which is financed
through revenues from the EU Emissions Trading Sys-
tem (ETS), supports energy network investments in 13
lower-income EU countries.

While EU-level financing offers long-term, low-inter-
est funding and de-risking measures for private invest-
ments, there are limitations. Available funds are re-
stricted, and not all EU member states are eligible for
every program. Additionally, application and approval
processes can be highly bureaucratic and time-con-
suming, slowing down access to critical funding (Brue-
gel 2025).
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Example: Poland - Leveraging EU Funds for
Transformation

Poland is the largest beneficiary of European in-
vestment funds, with nearly €66 billion from
sources like the European Structural and Invest-
ment Funds (ESIF), the National Recovery and Re-
silience Plan (RRP), and the Modernization Fund
allocated to climate action this decade. Of this,
€10.5 billion is earmarked for grid investments and
energy storage, primarily as loans:

ESIF (FEnlKS Programme): €1.12 billion sup-
port for transmission and distribution net-
works, including the deployment of 221 smart
grid management systems and 250 MWh of
energy storage.

The National Recovery and Resilience Plan
(RRP): €8.69 billion fund for grid and storage
projects, including 880 km of new rural distri-
bution grid, large-scale battery systems, and
hydroelectric storage modernization.

Modernisation Fund: €666 million to finance
smart energy infrastructure, electric vehicle
grid development, and storage solutions for
network stabilization.

4.3.2 State Ownership: Strategic Control vs.
Market Efficiency

Governments can also reduce financing costs and en-
sure strategic control over electricity grids through
state ownership. A majority public stake in transmis-
sion and distribution operators can help overcome
capital shortages by allowing direct equity contribu-
tions from the state. This approach lowers financing
costs and enables grid operators to secure additional
debt more easily (Institut fir Makrookonomie und
Konjunkturforschung 2025). Public ownership also en-
sures alignment with national policy objectives, includ-
ing security of supply and affordability. However, state
ownership carries risks, including potential inefficien-
cies due to bureaucratic decision-making, mismanage-
ment, and political interference. Publicly owned com-
panies may prioritize broader policy goals over cost ef-
ficiency, potentially leading to higher long-term costs
(Dezernat Zukunft 2024; Haney/Politt 2010).

Alternatively, governments can hold minority stakesin
grid operators, preserving private sector efficiency
while retaining strategic influence. This model allows
private investors to maintain operational efficiency and
innovation, although the cost-reducing impact of state
involvement is less pronounced compared to majority
state ownership (Di Pillo et al. 2020). State ownership
requires high upfront investment, which may face po-
litical opposition.
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Example: Germany - Failed attempt to nation-
alize Tennet

The challenges of state ownership were evidentin
the failed attempt by the German government to
acquire TenneT’s German transmission assets.
Despite high profits, TenneT reinvested little eq-
uity into German grid expansion, financing most
of its investments through debt and only imple-
menting one-fifth of its planned projects by 2022.
The proposed takeover was structured to avoid
violating Germany’s constitutional "debt brake,"
as the required loans would have been classified
as a financial transaction rather than new public
debt (Dezernat Zukunft 2024). However, the deal
ultimately failed, with the government citing
budgetary constraints and concerns over the fis-
cal impact of the acquisition. Additionally, Ger-
many’s finance ministry reportedly favored only a
minority stake in TenneT rather than full national-
ization, based on market-oriented principles (BR
24 2024).

4.3.3 Infrastructure Funds: Mobilizing Capital

Infrastructure funds can represent an alternative
source of financing for the expansion of network infra-
structures. The idea is that the government establishes
afund, whose shares are sold to private investors, or the
fund is equipped with public funds. The capital of the
fund is invested in infrastructure projects, generating
market-level returns for the investors. Public infra-
structure funds can be financed both with private cap-
ital and independently of the private sector. In Ger-
many, where the constitutional "debt brake" restricts
the level of government borrowing, infrastructure
funds offer a way to mobilize additional investment
while remaining outside these fiscal constraints. By
structuring funds separately from the core government
budget, investments in critical infrastructure, such as
grid modernization, can proceed without conflicting
with debt limitations (Deloitte et al. 2024).

The choice of shareholder structure brings different
advantages and disadvantages:

An infrastructure fund funded with public resources
invests in infrastructure projects independently of the
private sector. The financial resources can be provided
by the federal budget, through loans, or revenues (e.g.,
from the EU Emissions Trading System). Due to a spe-
cial credit authorization, the fund can take out loans at
favorable conditions, independent of the debt re-
strictions. The financing costs are relatively low com-
pared to others, as the state does notimpose return ex-
pectations on the TSOs (frontier economics 2024).
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In a public-private infrastructure fund, the state es-
tablishes a fund and sells shares to private investors.
The state provides favorable conditions (e.g., default
guarantees), creating a market-standard risk-return
profile for private investments. This results in a high lev-
erage effect for private investments with relatively low
state involvement (frontier economics 2024). However,
the fund must deliver a market-standard return, mean-
ing there are no lower financing costs compared to pri-
vate financing sources.

The infrastructure fund offers state-backed guaran-
tees, which can lower financing costs and attract inves-
tors. The attracted private capital reduces the reliance
on public funds and promotes long-term investments
(Institut fir Makrookonomie und Konjunkturforschung
2025).

The cost-efficiency, however, is not guaranteed since
private investors may demand higher returns, increas-
ing overall costs. All types of infrastructure funds re-
quire robust governance to prevent inefficiency or mis-
use.

4.4 Key takeaways

= Balancing investment needs and affordability:
Expanding and modernizing electricity grids is es-
sential for the energy transition. However, ensur-
ing that investment costs remain affordable for
consumers is a key challenge, as grid expansion is
primarily financed through consumer-paid net-
work tariffs in many countries.

=  Private investment and its trade-offs: Private in-
vestmentis an essential component of grid financ-
ing, helping to alleviate pressure on public budg-
ets while introducing innovation and administra-
tive efficiency. However, higher financing costs
from private investors—especially when returns on
equity are high—can increase grid tariffs for con-
sumers. Policymakers must balance the need for
private capital with measures to keep grid costs
manageable.

=  Public financing as a cost-effective alternative:
National public financing offers a viable and cost-
effective mechanism for funding grid investments,
as governments benefit from lower borrowing
costs than private entities. However, public budg-
ets are often constrained, especially during eco-
nomic downturns, limiting the ability to rely solely
on government financing.

= State ownership for strategic control: Public
ownership of transmission and distribution net-
works can enhance regulatory control and lower fi-
nancing costs. However, the risk of bureaucratic
inefficiencies and political interference must be
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carefully managed. The failed attempt by Ger-
many to acquire TenneT highlights the complexi-
ties of state ownership in grid expansion.

Infrastructure funds as a flexible solution: Infra-
structure funds, particularly public-private part-
nerships, can provide flexibility and access to addi-
tional capital, reducing costs for consumers. These
funds allow investment without adding to public
debt constraints but require strong governance to
prevent inefficiencies and ensure cost-effective-
ness.

Need for a mixed approach: No single financing
model is sufficient to meet future grid investment
needs. A diversified strategy—combining private
investments, public funding, EU-level support,
and innovative financing mechanisms like infra-
structure funds—will be essential to balance cost
efficiency, affordability, and long-term sustainabil-
ity. Ultimately, a balanced mix of these financing
mechanisms, tailored to the economic, political,
and social contexts of each European country, will
be critical in ensuring a resilient, sustainable, and
modernized electricity grid.
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Table 1: Overview of different financing mechanisms

Advantage Challenge/Disadvantage

Private capital and ¢  Private capital is utilised. * High interest rates and return on equity will drive up

loans *  Noburden on public budgets. costs of grid.

*  Creditworthiness can be limited if the volume of bor-
rowed capital increases.

* No dependency on political
decisions.

EU-level financing *  Low cost of borrowing. *  Limited funds.

¢ Financial securityand de-risk- «  Notall countries are eligible.

ing private investment. «  High level of bureaucracy.
State Ownership * Lowering financial burden on  *  Risk of political interference and bureaucratic ineffi-
consumers. ciencies.

e Ensuring strategic alignment +  Burden on federal budget.
of critical infrastructure.

Infrastructure Funds * Insurance of the state while ¢ Returnsforinvestorscan be high, burdeningthe con-

utilizing private capital. sumers.
* Favorable borrowing condi- <+ Riskof mismanagement and bureaucratic inefficien-
tions. cies.
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5 Grid tariff design principles to
incentive flexibility and grid
financing while ensuring the most
vulnerable are protected.

In many countries, costs associated with maintaining,
modernizing, and expanding the electricity grid are
passed on to consumers through grid tariffs. In 2023,
EU households paid an average of €0.29/kWh, with
grid tariffs making up approximately 25% of the total
electricity price. However, significant variations exist
between countries (Heinrich Boll Stiftung/Green Eu-
ropean Foundation 2024).

As demand for grid investments increases, these costs
could rise further, leading to affordability and equity
challenges.

To tackle these challenges, grid tariff design must
evolve to achieve three key objectives: incentivizing
system-friendly consumption, ensuring cost-reflectiv-
ity and financial stability, and protecting vulnerable
consumers (eurelectric 2021; Stute/Klobasa 2024).

5.1 Key Principles for Grid Tariff
Design

Incentivizing system-friendly consumption

Tariffs should encourage consumers to adopt system-
friendly consumption patterns by providing price sig-
nals that reflect the grid's capacities and limitations.
This approach can optimize grid utilization, reduce
peak loads, and defer costly infrastructure expansion
(eurelectric 2021).

Ensuring cost-reflectivity

Grid tariffs should accurately reflect the true costs of
grid usage and provide a stable and predictable reve-
nue stream to finance necessary investments. This re-
quires balancing fixed and variable cost components to
ensure fair cost allocation and financial sustainability
(European Parliament/Council of the European Union
2024).

Protecting vulnerable households

Grid tariffs must also be designed in a way to protect
vulnerable consumers who lack the means to shift their
demand or invest in energy-efficient appliances. Fair
cost allocation mechanisms are essential to maintain
affordability and prevent excessive financial burdens
on low-income  households  (Heinrich Boll
Stiftung/Green European Foundation 2024).
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5.2 Grid Tariffs in Germany

5.2.1 Standard Grid Tariff Structure

German household grid tariffs consist of two main
components:

e Base charge (€/year): A flat fee that applies
equally to all households, irrespective of their con-
sumption.

e Fixed volumetric charge (€/kWh): A rate based
on electricity consumption.

The variable charge per kWh consumed makes up
much of the price, hence it is considered a volumetric
system.

Industrial customers in Germany pay individually cal-
culated grid tariffs, which consider factors such as max-
imum power demand, voltage level, and energy con-
sumption (Stute/Klobasa 2024).

5.2.2 Development of Grid Tariffs

In 2023, grid tariffs in Germany amounted to approxi-
mately €22.6 billion. These tariffs are regulated by a
revenue cap framework to ensure cost efficiency and
fair returns for grid operators. The average household
grid tariffs in 2024 were €0.1162/kWh, accounting for
28% of the total electricity price. Over the past years,
grid tariffs in Germany increased from 0,07 Euro per
kWh in 2017 to 0,09 Euro per kWh in 2023 (see Figure
5).

Until 2025 grid tariffs used to fluctuate significantly be-
tween regions, due to factors such as grid capacity,
population density and amount of renewable energy
generation (EnBW 2024). Starting from January 2025
regional differences will be equalized among regions
(Bundesnetzagentur 2024b).

Figure 5: Development of grid tariffs in Germany
(annual consumption 2 500 kWh -
4 999 kWh)
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5.2.3 Introduction of Time-Variable Tariffs

From April 1, 2025, German consumers will have the
option to select time-variable grid tariffs as an alterna-
tive to existing flat-rate grid charges. These tariffs in-
clude high, standard, and low tariff periods throughout
the day, encouraging consumption shifts to low-tariff
periods to reduce peak demand and optimize grid uti-
lization. According to the regulations in § 14a of the En-
ergy Industry Act (Energiewirtschaftsgesetz), grid op-
erators have the authority to control these consump-
tion devices in the event of grid overload, ensuring a
stable and efficient power supply. Consumers can
choose between a flat-rate reduction or a percentage
reduction in their energy price, with additional time-
variable tariffs becoming available from April 2025 to
provide greater flexibility and cost savings (FfE 2024).

5.2.4 Impacts and Challenges

Germany's volumetric grid tariff model primarily incen-
tivizes reducing overall consumption, supporting en-
ergy efficiency goals. However, the introduction of var-
iable tariffs for electric vehicle charging marks a step
toward incentivizing flexible consumption. Despite this
progress, the current design has been criticized for its
low cost-reflectiveness, as the mainly volumetric
charge does not accurately reflect contributions to grid
costs, which are predominantly driven by peak de-
mand. Additionally, it presents equity challenges: The
base charge disproportionately affects low-income
households by applying a uniform fee while house-
holds with solar panels, which are often wealthier, are
able to significantly reduce their contribution to the
system, exacerbating social inequalities.

5.3 Grid Tariffs in Poland

5.3.1 Standard grid tariff design

Poland’s household grid tariffs also consist of two pri-
mary components:

= Base charge (PLN/year): A fixed fee that ap-
plies regardless of consumption.

e  Volumetric charge (PLN/kWh): A consump-
tion-based fee.

Unlike Germany, Polish consumers can choose from
various tariff groups to better suit their consumption
patterns. The most popular option is the G11 tariff,
which offers a fixed electricity price irrespective of the
time of day or week (single-zone tariff). Other available
tariff options include:

= (G12: Atwo-zone tariff with lower rates at night
and higher rates during the day.
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= G12r: Similar to G12 but with additional re-
duced rates for premises and water heating.

=  G12w: Provides lower electricity rates during
nights and weekends.

= Special tariffs: Certain distribution system op-
erators (DSOs), such as ENEA and TAURON,
offer customized tariffs with varying time
zones and rates tailored to specific consumer
needs.

Additionally, larger consumers are subject to capacity-
based elements that align costs with peak grid usage,
ensuring a fair distribution of infrastructure expenses.

5.3.2 Developments of grid tariffs in Poland

Between 2022 and 2024, grid tariffs and retail electric-
ity prices for household customers and small and me-
dium enterprises in Poland were regulated by a price
cap. From 2023 to 2024, distribution grid tariffs forend
consumers increased by an average of 2.9% (URE
2023). However, due to the price cap, this adjustment
primarily affected consumers who exceeded the con-
sumption limits defined in the law of October 7, 2022.
For those below the threshold, the lower distribution
tariffs based on the 2022 tariffs remained in effect until
June 2024. In 2023, the electricity price was frozen at
the 2022 level of PLNO,412/kWh (net), with a partial
unfreeze introduced in mid-2024 (ING 2024). The offi-
cial tariff set by the Energy Regulatory Office (URE) for
2024 stands at PLNO,623/kWh, but the government
imposed a cap of PLNO,500/kWh until the end of
2024 and suspended the capacity charge during this
period. In December 2024, the Polish government ex-
tended these protective measures into 2025 to pre-
vent retail prices from rising to the official tariff level of
PLNO,623/kWh (see Figure 6).

Figure 6: Development of grid tariffs in Poland
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5.3.3 Incentives for flexible use

In 2024, Poland introduced pilot programs for time-
variable tariffs to incentivize off-peak consumption and
reduce peak load strain. These tariffs include
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differentiated price periods throughout the day, en-
couraging consumers to shift demand to lower-cost
hours.

5.3.4 Impacts

Poland’s grid tariff system, like Germany’s, primarily fol-
lows a volumetric pricing model, which encourages
overall reductions in electricity consumption. This sup-
ports energy efficiency goals but does not sufficiently
incentivize system-friendly consumption patterns or
the efficient use of grid infrastructure. The introduction
of dynamic price elements, which began in 2024, has
the potential to improve flexibility in electricity demand,
butits fullimpact remains to be seen.

Similar to the German model, Poland’s volumetric tariff
structure has been criticized for its low cost-reflective-
ness. Since grid costs are largely driven by peak de-
mand rather than overall electricity consumption, this
model does not adequately align individual consumer
contributions with their actual impact on grid infra-
structure. As aresult, consumers who reduce their total
energy use but still rely on the grid during peak periods
do not contribute proportionally to the cost of main-
taining and expanding the network.

The Polish tariff system also presents equity challenges.
Fixed charges can disproportionately burden low-in-
come households, which typically have lower electric-
ity consumption but pay the same base fee as wealthier
households. As Poland moves towards greater tariff
differentiation and the integration of dynamic pricing
mechanisms, ensuring both cost-reflectiveness and
social fairness will be critical to avoiding unintended
distributional effects.

5.4 Evaluating Grid Tariff Design
Options for Achieving Energy
Policy Goals, Revenue Stability
and Equity.

The design of grid tariffs plays a critical role in shaping
energy consumption patterns, ensuring grid stability,
and distributing costs fairly among consumers. This
chapter explores various tariff design options, evaluat-
ing their potential to achieve the objectives laid out in
chapter 5.1.

Generally, grid tariffs consist out of two or more com-
ponent, which are fixed charges (€/point of delivery),
capacity-based charges (€/kW), and volumetric
charges (€/kWh) (Lu/Price 2018).

5.4.1 Volumetric tariff design

Volumetric tariffs charge consumers based on the total
amount of electricity consumed, making them the
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most common tariff structure across European grid
systems. Their simplicity and predictability provide a
stable revenue stream for grid operators, ensuring cost
recovery for grid maintenance and expansion. Addi-
tionally, volumetric pricing encourages overall energy
efficiency, as consumers have a direct financial incen-
tive to reduce electricity consumption.

However, tariffs that are exclusively or largely volumet-
ric do not accurately reflect the primary cost drivers of
the grid. Grid expansion and maintenance costs are
largely determined by peak demand rather than overall
electricity consumption. Because volumetric tariffs ap-
ply a uniform price per kilowatt-hour regardless of
when electricity is used, they do not provide incentives
for consumers to shift demand away from peak times.
This can result in inefficient grid use and an underin-
vestment in demand-side flexibility.

Furthermore, volumetric pricing can result in an unfair
distribution of costs. Consumers with low overall elec-
tricity consumption but high peak demand may not
contribute adequately to grid costs, while households
with consistently high electricity use may face dispro-
portionately high charges. This structure does not ac-
count for the flexibility potential of certain technolo-
gies, such as heat pumps and electric vehicles, which, if
properly incentivized, could help reduce grid strain by
shifting consumption to off-peak hours (eurelectric
2021). Additionally, households with solar PV systems
can significantly lower their grid payments, even
though they still rely on the grid during peak demand
periods. This shifts the financial burden onto consum-
ers without access to self-generation technologies, ex-
acerbating social inequalities. (Azarova et al. 2018;
Wang et al. 2022).

As energy systems evolve and peak demand becomes
amore pressing concern, future tariff structures should
integrate elements that better reflect grid usage pat-
terns. This could include a combination of volumetric
charges with capacity-based or time-of-use compo-
nents to improve cost-reflectiveness, incentivize de-
mand flexibility, and ensure a fair allocation of grid
costs.

5.4.2 Capacity-Based Tariff Design

Capacity-based tariff components charge consumers
based on their peak demand during a specified period,
aligning grid costs with capacity requirements.

Capacity-based pricing effectively supports energy
policy goals by encouraging demand reduction during
peak times and improving grid efficiency. These tariffs
generate stable and predictable revenues, as peak
loads are a key driver of grid costs. However, they may
disproportionately affect vulnerable households with
limited flexibility to shift consumption, potentially
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increasing financial inequality if not accompanied by
compensatory measures (Wang et al. 2022).

Capacity tariffs can lead to higher bills for certain con-
sumers, such as public EV charging stations, which may
have low utilization but require significant capacity
(eurelectric 2021).

5.4.3 Time of Use tariffs

Time-of-Use (ToU) tariffs charge different prices for
volumetric consumption at different times of the day,
week, or year. They can be static (fixed periods based
on historical data) or dynamic (adjusted in real-time
based on grid demand)(Lu/Price 2018; Wang et al.
2022).

ToU tariffs are highly effective in integrating renewable
energy and enhancing grid efficiency by encouraging
consumers to align their usage with renewable genera-
tion peaks. Although they introduce revenue variability,
well-designed pricing models can mitigate these chal-
lenges. Wealthier households, better equipped with
automation technologies, may benefit more, poten-
tially increasing inequalities. Nevertheless, indirect
benefits such as lower system costs can offset some of
these  disparities  (Agora Energiewende/For-
schungsstelle fUr Energiewirtschaft e. V. 2023;
Bergaentzlé et al. 2023; Stute/Klobasa 2024).

Strategic pricing models, such as critical peak pricing,
can reduce grid reinforcement needs and help renew-
able integration. However, implementation requires
substantial data availability and advanced metering in-
frastructure. Flexibility markets can complement static
ToU tariffs to manage grid congestion effectively
(eurelectric 2021; FOS 2024).

A condition for any dynamic pricing model is the avail-
ability of smart meters. Smart meters are essential for
implementing dynamic time-of-use tariffs, as they en-
able real-time data collection and communication be-
tween consumers, grid operators, and energy suppliers.
Unlike traditional analog or digital meters, smart me-
ters consist of a modern measuring device and a smart
meter gateway, which transmits electricity consump-
tion data securely and allows for remote monitoring
and management. This capability is crucial for dynamic
pricing, asitensures that consumers are charged based
on real-time grid conditions, encouraging demand
shifts to off-peak periods. Without smart meters, it
would be impossible to accurately track and apply var-
ying electricity prices throughout the day. However,
the rollout of smart meters across Europe varies signif-
icantly: while countries like Sweden and Spain have al-
ready achieved full smart meter deployment, adoption
remains low in Germany (1%) and Poland (12%), high-
lighting a major barrier to the widespread introduction
of dynamic tariffs (GridX 2024).
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5.4.4 Progressive Tariffs

Progressive grid tariffs adjust electricity rates based on
consumption levels orincome brackets, aiming to alle-
viate financial burdens on low-income households
while maintaining predictable revenue streams for grid
operators. Two main models illustrate how such a sys-
tem could be implemented.

In the first model, each household receives a baseline
allocation of electricity at a lower rate, covering a per-
centage of the typical consumption for its household
size. This could be structured as either fixed monetary
credit or a specific energy allowance. Households con-
suming below theirallocated baseline could potentially
receive arebate for unused electricity, which could also
serve as an incentive for self-generation through solar
PV systems. The second model introduces a tiered
pricing system where households pay a lower base rate
for essential consumption, with rates progressively in-
creasing for additional usage. For example, a two-per-
son household might receive 70% of the average con-
sumption at a base rate of 20 ct/kWh, with higher rates
of 50 ct/kWh and 80 ct/kWh applying beyond set
thresholds, and consumption exceeding 140% classi-
fied as luxury use at 120 ct/kWh. Such an approach en-
sures basic needs are met affordably while discourag-
ing excessive consumption (Konzeptwerk neue
Okonomie 2022).

A key advantage of progressive tariffs is that they sub-
sidize essential electricity use while charging higher
rates for increased consumption. This enables cross-
subsidization, where higher-tier users contribute to re-
ducing the cost burden on lower-tier consumers. Fur-
thermore, individual household circumstances can be
considered, ensuring a more tailored and equitable
system. By guaranteeing affordable access to essential
electricity, progressive tariffs could alleviate anxieties
about rising energy costs and prevent political back-
lash that might otherwise favor continued fossil fuel in-
vestments. In addition, reducing overall electricity de-
mand supports the energy transition by lowering infra-
structure expansion costs and easing reliance on re-
newable energy sources, which remain limited in the
short term. Importantly, progressive tariffs could be
combined with capacity-based or time-of-use pricing,
aligning social fairness objectives with incentives for
system-friendly electricity consumption (Konzeptwerk
neue Okonomie 2022).

However, these models also present challenges. The
second model, with its multiple pricing tiers, introduces
significant complexity, making it difficult for consumers
to predict and manage their energy bills. Even the first
model, which applies subsidies broadly, risks being
costly if not carefully designed, as it provides financial
support to all households regardless of need. Another
concern is that penalizing higher consumption could
conflict with electrification goals. As households
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transition from fossil-fuel heating and combustion en-
gines to electric alternatives such as heat pumps and
electric vehicles, high electricity usage may not neces-
sarily indicate inefficiency but rather sustainable en-
ergy use. Addressing this would require exemptions or
additional allowances for electric vehicle charging, fur-
ther complicating tariff structures.

Overall, progressive tariffs offer a promising mecha-
nism for reducing the burden of grid costs on house-
holds, but their practicality and complexity must be
carefully assessed. The direct impacts will depend on
the specific design of the system, including the thresh-
olds, cross-subsidization levels, and potential exemp-
tions for electrification-related consumption. Further
research is needed to explore how progressive ele-
ments could be effectively integrated with capacity-
based or time-of-use tariffs to balance social fairness
with system efficiency.

Nevertheless, direct financial support, such as subsi-
dies or energy vouchers, is often recommended as a
more effective solution for addressing energy poverty
without influencing consumption behavior. Ensuring
that financial transfers adequately meet the energy
needs of vulnerable households is essential to achiev-
ing social and economic objectives while maintaining
market efficiency (Dobbins et al. 2016; eurelectric
2021).

5.4.5 Key takeaways

=  Grid tariff design shapes consumer behavior
and cost distribution: The structure of grid tariffs
significantly impacts energy consumption pat-
terns, grid stability, and cost allocation among
consumers. A well-designed tariff system should
balance cost-reflectiveness, affordability, and in-
centives for efficient grid use.

=  Volumetric tariffs provide stability but lack
Cost-reflectiveness: Volumetric tariffs, the most
widely used model, offer simplicity and predictable
revenue streams. However, they do not reflect ac-
tual grid costs, which are driven by peak demand
rather than total energy consumption. This can
lead to inefficient grid use and an unfair distribu-
tion of costs, especially as consumers with low total
usage but high peak demand may not contribute
adequately to grid financing.
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Capacity-based tariffs align costs with peak de-
mand but raise equity concerns: By charging
based on maximum power usage, capacity-based
tariffs encourage consumers to reduce peak de-
mand, which supports grid stability. However, they
candisproportionately impact low-income house-
holds and certain users, such as EV charging sta-
tions with low utilization but high capacity needs.

Time-of-use tariffs promote flexibility and re-
newable integration: Time-variable tariffs, which
adjust prices based on demand fluctuations, can
incentivize consumers to shift usage to off-peak
periods, improving grid efficiency and supporting
renewable energy integration. However, they de-
pendon smart meteradoption, which varies widely
across Europe, with some countries nearing full
deployment and others lagging behind.

Progressive tariffs enhance affordability but in-
troduce complexity: Progressive grid tariffs,
which increase rates based on consumption levels
or income brackets, can reduce financial burdens
on low-income households and support equitable
cost distribution. While they can provide security
for basic electricity needs, they introduce adminis-
trative complexity and may conflict with electrifi-
cation goals unless tailored exemptions are incor-
porated.

Multiple tariff elements should be combined:
No single tariff structure can address all chal-
lenges. A mix of volumetric, capacity-based, and
time-of-use pricing—potentially combined with
progressive elements—could balance fairness,
cost-reflectiveness, and incentives for flexibility.
However, careful design is required to avoid un-
necessary complexity.

Direct financial support may be more effective
for addressing energy poverty: While progressive
tariffs offer a means of redistributing costs, direct
financial support such as targeted subsidies or en-
ergy vouchers may be a more efficient way to pro-
tect vulnerable households without distorting
consumption behavior. Ensuring that financial as-
sistance meets the actual energy needs of low-in-
come consumers remains a key priority for equita-
ble tariff design.



Powering the future: Balancing Grid Investments and Consumer Protection in Europe’s Energy Transition - Page

210f25

Table 2: Overview of different tariff design options

Incentivizing system- | Ensuring Cost-reflectivity | Protecting vulnerable
friendly consumption households

Volumetric

Capacity-based

Time-variable

Progressive

Generally fair, but poten-
tially inequitable for non-
PV households.

Cost-reflectivity could be
achieved through com-
bining progressive ele-
ments with capacity-
based or time-variable
design elements.
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6 Recommendations

Aresilient, affordable, and modern electricity grid is es-
sential for Europe’s energy transition. Ensuring sustain-
able financing and fair cost distribution requires a bal-
anced approach, combining multiple financing mech-
anisms and well-designed tariff structures. Policymak-
ers must carefully navigate the trade-offs between in-
vestment needs, consumer affordability, and grid effi-
ciency.

Grid tariffs vary significantly across EU Member States,
reflecting differences in grid infrastructure, ownership
models, and regulatory frameworks. While some coun-
tries maintain relatively low grid tariffs, others, particu-
larly in Central and Eastern Europe (CEE), experience
a higher financial burden due to lower average in-
comes. As grid expansion and modernization needs to
increase, ensuring thatinvestment costs remain afford-
able for consumers is critical. Without careful planning,
rising grid tariffs could disproportionately impact vul-
nerable households, exacerbating energy poverty.

Grid financing strategies must strike a balance be-
tween attracting investment and maintaining afforda-
bility. Private capital is an essential component of grid
financing, helping to alleviate pressure on public budg-
ets while introducing innovation and administrative ef-
ficiency. However, reliance on private investment can
increase consumer tariffs, particularly if returns on eq-
uity are high. Public financing offers a cost-effective al-
ternative, leveraging lower government borrowing
rates, butis often constrained by budgetary limitations.
EU funding mechanisms provide an additional avenue
for financing, though accessibility and eligibility re-
quirements can pose challenges. Infrastructure funds,
especially public-private partnerships, present a flexi-
ble solution that can combine public oversight with pri-
vate sector efficiency.

Grid tariff design plays a central role in shaping energy
consumption patterns, ensuring grid stability, and dis-
tributing costs fairly. No single tariff model can address
all challenges. Volumetric tariffs are the most widely
used, offering simplicity and revenue predictability.
However, they fail to reflect the real cost drivers of the
grid, which are largely determined by peak demand.
Capacity-based tariffs align costs more closely with
peak loads but may disproportionately affect certain
consumer groups. Time-of-use tariffs incentivize flexi-
ble electricity consumption, supporting renewable en-
ergy integration, but require widespread smart meter
adoption. Progressive tariffs offer a way to alleviate cost
burdens on low-income households, but they intro-
duce complexity and may conflict with electrification
goals.
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A well-balanced grid tariff system should mix and
match different design aspects based on national cir-
cumstances, grid needs, and technological capabilities.
The availability of smart meters is a crucial factor in de-
termining whether time-of-use pricing can be imple-
mented effectively. Additionally, social policies should
complement tariff design to ensure energy affordabil-
ity without distorting incentives for efficient electricity
use.

Recommendations

1. Diversified Grid Financing Approach:

= A mix of public and private investments should be
used to balance affordability with investment
needs.

=  Recommendations for financing models will vary
depending on each country’s specific circum-
stances, such as current grid ownership structures
and regulatory frameworks. Policymakers must
tailortheir financing choices to national conditions
to ensure the most effective and sustainable out-
comes.

2. Fairand Efficient Grid Tariff Design:

= No single tariff design can fully achieve all policy
goals. A balanced approach, combining volumet-
ric, capacity-based, and time-of-use pricing ele-
ments, should be adopted according to national
grid needs, smart meter availability, and country-
specific conditions.

= Time-of-use and flexible tariff structures should
beincorporated where feasible, as they will be crit-
ical forimproving renewable energy integration in
the long run.

=  Smart meterrollout should be accelerated to ena-
ble dynamic pricing and enhance grid efficiency.

3. Targeted Financial Support for Vulnerable Con-
sumers:

=  Progressive tariffs should be considered and fur-
ther analyzed as a potential tool to alleviate cost
burdens on low-income households. However,
their complexity and potential effects on electrifi-
cation should be carefully evaluated.

= Ourrecommendation is to adjust and improve so-
cial policies to combat energy poverty, ensuring
that financial assistance is well-targeted and ade-
quately meets the energy needs of vulnerable
consumers without distorting consumption be-
havior.



Powering the future: Balancing Grid Investments and Consumer Protection in Europe’s Energy Transition - Page
230f25

7 Bibliography

Agora Energiewende, Forschungsstelle fur Energiewirtschaft e. V. (2023): Haushaltsnahe Flexibilitaten nutzen.
Wie Elektrofahrzeuge, Warmepumpen und Co. die Stromkosten fir alle senken kénnen.
https://www.agora-energiewende.de/fileadmin/Projekte/2023/2023-14_DE_Flex_heben/A-
EW_315_Flex_heben_WEB.pdf.

Azarova, V., Engel, D, Ferner, C.,, Kolimann, A. (2018): Exploring the impact of network tariffs on household elec-
trcity expenditures using load profiles and socio-economic characteristics. https://www.nature.com/arti-
cles/s41560-018-0105-4.

Bergaentzlé, C.-M., Gunkel, P. A., Ansarin, M. (2023): Electricity grid tariffs for electrification in households: Bridg-
ing the gap between cross-subsidies and fairness. https://arxiv.org/pdf/2210.09690.

BMWHK (2023): Ein Stromnetz fiir die Energiewende.: https://www.bmwk.de/Redaktion/DE/Dossier/netze-und-
netzausbau.html.

Bruegel (2025): Upgrading Europe’s electricity grid is about more than just money. https://www.brue-
gel.org/sites/default/files/2025-02/PB%2004%202025_2.pdf.

Bundesnetzagentur (2023): Monitoringbericht 2023. https://data.bundesnetzagentur.de/Bundesnetzagen-
tur/SharedDocs/Mediathek/Monitoringberichte/MonitoringberichtEnergie2023.pdf.

Bundesnetzagentur (2024a): Festlegung der Eigenkapitalverzinsung von Neuanlagen im Strom- und Gasbereich.:
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2024/20240124_EKZins.html.

Bundesnetzagentur (2024b): Ab 2025 niedrigere Netzentgelte in Regionen mit viel Stromerzeugung aus Erneu-
erbaren Energien. https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilun-
gen/DE/2024/20241018_Netzkosten.html.

Bundesnetzagentur (2025a): Transmission system operators. https://www.smard.de/page/en/wiki-ar-
ticle/5884/205528.

Bundesnetzagentur (2025b): Akteure kennen. https://www.netzausbau.de/Wissen/Ak-
teure/de.html#:~text=%C3%9Cber%20die%20Bundesnetzagen-
tur%20flie%C3%9Fen%20diese,die%20Kosten%20indirekt%20der%20Verbraucher.

CAN Europe (2024): Future-Proofing Central Eastern European Grids for Tomorrow’s Energy System.
https://caneurope.org/content/uploads/2024/02/CAN-Europe_Future-Proofing-Central-Eastern-Euro-
pean-Grids.pdf.

Council of the European Union (2024): Sustainable electricity grids: Council approves conclusions.
https://www.consilium.europa.eu/en/press/press-releases/2024/05/30/sustainable-electricity-grids-
council-approves-conclusions/.

Deloitte, BDEW, VKU (2024): Kapital fur die Energiewende Dle EWF-Option. https://www.vku.de/presse/presse-
mitteilungen/konzeptpapier-bdew-vku-und-deloitte-stellen-energiewende-fonds-vor/.

Dezernat Zukunft (2024): Kapitalengpésse 16sen, Netzkosten reduzieren - Effekte staatlicher Beteiligungen auf
den StromUbertragungsnetzausbau. https://dezernatzukunft.org/wp-content/uplo-
ads/2024/11/20241202_Stromnetzfinanzierung_FINAL.pdf.

Di Pillo, F., Levialdi, N., Machegiani, L. (2020): The Investments in Energy Distribution Networks: Does Company
Ownership Matter? https://zbw.eu/econis-archiv/bitstream/11159/8458/1/1756573654_0.pdf.

Dieler, J. (2020): Investment needs and financing for grids Future-proofing electricity systems - Key Aspects of
grid operation. https://clean-energy-islands.ec.europa.eu/system/files/2023-10/Dieler%20Julian_Invest-
ment%20needs%20and%20financing%200f%20grids.pdf.

Dobbins, A, Nerini, F. F., Pye, S. (2016): Measures to protect vulnerable consumers in the energy sector: an assess-
ment of disconnestion safeguards, social tariffs and financial transfers. https://www.researchgate.net/pub-
lication/312948642_Measures_to_protect_vulnerable_consumers_in_the_energy_sector_an_assess-
ment_of_disconnection_safeguards_social_tariffs_and_financial_transfers.

EnBW (2024): Netzentgelte fur Strom: Darum sind sie regional verschieden. https://www.enbw.com/unterneh-
men/themen/netze/netzentgelte-fuer-strom.html.

eurelectric (2021): The missing piece - Poewring the energy transition with efficient network tariffs.
https://www.eurelectric.org/wp-content/uploads/2024/06/powering_the_energy_transition_through_effi-
cient_network_tariffs_-_final-2021-030-0497-01-e.pdf.

Forum Okologisch-Soziale Marktwirtschaft e.V.



Powering the future: Balancing Grid Investments and Consumer Protection in Europe’s Energy Transition - Page
24 0of 25

European Commission (2019): The European Green Deal. https://commission.europa.eu/strategy-and-policy/pri-
orities-2019-2024 /european-green-deal_en.

European Commission (2023): COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIA-
MENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMIT-
TEE OF THE REGIONS Grids, the missing link - An EU Action Plan for Grids. https://eur-lex.europa.eu/le-
gal-content/EN/TXT/?uri=COM%3A2023%3A757%3AFIN&qid=1701167355682.

European Commission (2024): Electricity Markt Design. https://energy.ec.europa.eu/topics/markets-and-con-
sumers/electricity-market-design_en.

European Investment Bank (2023): Investing in grids to power the energy transition.
https://www.eib.org/en/press/news/investing-in-grids-to-power-the-energy-transition.

European Parliament (2022): Energy Poverty in the EU. https://www.europarl.europa.eu/Reg-
Data/etudes/BRIE/2022/733583/EPRS_BRI(2022)733583_EN.pdf.

European Parliament, Council of the European Union (2024): Regulation (EU) 2024 /1747 of the European Parlia-
ment and of the Council of 13 June 2024 amending Regulations (EU) 2019/942 and (EU) 2019/943 as re-
gards improving the Union’s electricity market design. https://eur-lex.eu-
ropa.eu/eli/reg/2024/1747/oj/eng.

European Parliament, European Council (2024): Directive (EU) 2024/1711 of the European Parliament and of the
Council of 13 June 2024 amending Directives (EU) 2018/2001and (EU) 2019/944 as regards improving the
Union's electricity market design (Text with EEA relevance). https://eur-lex.europa.eu/legal-con-
tent/EN/TXT/?uri=0J:L_202401711.

Eurostat (2024): Electricity prices components for household consumers - annual data (from 2007 onwards).
https://ec.europa.eu/eurostat/databrowser/view/nrg_pc_204_c_custom_8508051/default/ta-
ble?lang=en.

FfE (2024): Variable grid fees as an option for controllable consumption devices in line with § 14a.
https://www.ffe.de/en/publications/variable-grid-fees-as-an-option-for-controllable-consumption-de-
vices-in-line-with-%C2%A7-14a/.

FOS (2024): Wie verbraucherfreundlich sind dynamische und variable Stromtarife?https://foes.de/publikatio-
nen/2024/2024_FOES_Dynamische_Tarife.pdf.

frontier economics (2024): INFRASTRUKTURFONDS ENERGIE ALS BAUSTEIN FUR DEN STROMNETZAUS-
BAU. https://staticl.squarespace.com/sta-
tic/5b978be0697a98a663136c47/t/66545ce1e89cf80f9a09628¢/1716804835793/EE%C3%96+Infra-
strukturfonds+Studie+Frontier+2024.pdf.

GridX (2024): Smart Meter. https://www.gridx.ai/knowledge/smart-meter.

Haney, A. B, Politt, M. G. (2010): New Models of Public Ownership in Energy. https://api.reposi-
tory.cam.ac.uk/server/api/core/bitstreams/9c0e0a98-109d-4b37-bf86-abbaacfl7be?/content.

Heinrich Boll Stiftung, Green European Foundation (2024): Electrcity tariff design. https://eu.boell.org/sites/de-
fault/files/2024-11/a3-electricity-tariff-design-2111-c.pdf.

ING (2024): Was ist nach dem Einfrieren der Strompreise in Polen im Jahr 2025 zu erwarten?
https://think.ing.com/articles/poland-retail-electricity-energy-freeze/.

Institut fur Makrodkonomie und Konjunkturforschung (2024): Ausbau der Stromnetze: Investitionsbedarfe.
https://www.imk-boeckler.de/de/faust-detail.htm?produkt=HBS-009011.

Institut fr Makrodkonomie und Konjunkturforschung (2025): Finanzierungsoptionen fir den Stromnetzausbau
und ihre Auswirkungen auf die Netzentgelte. https://www.imk-boeckler.de/de/faust-detail.htm?pro-
dukt=HBS-009039.

Konzeptwerk neue Okonomie (2022): Soziale und klimagerechte Energietarife. https://konzeptwerk-neue-oeko-
nomie.org/wp-content/uploads/2022/09/Soziale_und_klimagerechte_Energietarife KNOE_2022_Hinter-
grundpapier.pdf.

Lighthief (2024): DSO, d.h. Verteilernetzbetreiber.

Lu, L., Price, C. W. (2018): Designing distribution network tariffs that are fair for different consumer groups.
https://ualresearchonline.arts.ac.uk/id/eprint/14988/1/CCP%20report%20for%20BEUC.pdf.

Stute, J., Klobasa, M. (2024): How do dynamic electricity tariffs and different grid charge designs interact? - Impli-
cations for residential consumers and grid reinforcement requirements. https://publica-rest.fraunho-
fer.de/server/api/core/bitstreams/98e2ef12-25e9-4778-b087-dOeddfdbbdba/content.

Forum Okologisch-Soziale Marktwirtschaft e.V.



Powering the future: Balancing Grid Investments and Consumer Protection in Europe’s Energy Transition - Page
250f 25

tagesschau.de (2023): Netzausbau soll sich starker lohnen. https://www.tagesschau.de/wirtschaft/verbrau-
cher/stromnetz-gasnetz-bundesnetzagentur-100.html.

URE (2023): Sprawozdanie z dzialalnosci. https://www.teraz-srodowisko.pl/media/pdf/aktualnosci/15010-spra-
wozdanie-prezesa-URE-2023.pdf.

VZBV (2019): Eigenkapitalsinssatze missen sinken.

Wang, K, Lai, X, Wen, F., Singh, P. P., Mishra, S., Palu, |. (2022): Dynamic network tariffs: Current practices, key
issues an challenges. https://ietresearch.onlinelibrary.wiley.com/doi/pdfdirect/10.1049/enc2.12079.

Forum Okologisch-Soziale Marktwirtschaft e.V.



	Content
	Publisher
	About FÖS
	Picture Credits
	Abstract
	1 Background and Aim
	2 The impact of rising grid tariffs on consumers
	2.1 Social implications of rising grid tariffs
	2.2 Impact of grid tariffs on households across Europe
	2.2.1 Electricity consumption
	2.2.2 Grid tariffs
	2.2.3 Total grid costs of households
	2.2.4 Share of grid costs on net income
	2.2.5 Key takeaways


	3 Electricity grids in Europe – ownership and investment needs
	3.1 Transmission Grid
	3.2 Distribution Grid
	3.3 Investment needs

	4 Financing and refinancing grid investments.
	4.1 Strategic Investment Planning and Capital Allocation
	4.2 Unlocking private capital for grid investments
	4.3 The role of public financing
	4.3.1 EU-level financing: Opportunities and Challenges
	4.3.2 State Ownership: Strategic Control vs. Market Efficiency
	4.3.3 Infrastructure Funds: Mobilizing Capital

	4.4 Key takeaways

	5 Grid tariff design principles to incentive flexibility and grid financing while ensuring the most vulnerable are protected.
	5.1 Key Principles for Grid Tariff Design
	5.2 Grid Tariffs in Germany
	5.2.1 Standard Grid Tariff Structure
	5.2.2 Development of Grid Tariffs
	5.2.3 Introduction of Time-Variable Tariffs
	5.2.4 Impacts and Challenges

	5.3 Grid Tariffs in Poland
	5.3.1 Standard grid tariff design
	5.3.2 Developments of grid tariffs in Poland
	5.3.3 Incentives for flexible use
	5.3.4 Impacts

	5.4 Evaluating Grid Tariff Design Options for Achieving Energy Policy Goals, Revenue Stability and Equity.
	5.4.1 Volumetric tariff design
	5.4.2 Capacity-Based Tariff Design
	5.4.3 Time of Use tariffs
	5.4.4 Progressive Tariffs
	5.4.5 Key takeaways


	6 Recommendations
	7 Bibliography

