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Abstract

This thesis deals with simulating daily load pro les for the purpose of evaluating
tari structures. The rst part of the thesis examines the economic aspect of elec-
tricity supply-that is, electricity markets, tari design, and tari structures available

in Czechia and other European countries. The thesis also covers the concept of in-
tegrated community energy systems. The key part is creating a model simulation
for simulating daily load pro les using a bottom-up method and presenting multiple
scenarios for determining the price of electricity.

Key words:
Load pro les, tari structure, energy consumption, electricity price, electricity mar-
ket, community energy, households



Abstrakt

Tato prace se zabyva simulaci dennich zat¥°ovych pro |- pro Ufely vyhodnoceni
tarifni struktury. V prvni £asti prace je uvedena re2er2e ekonomického hlediska
dodavky elekt®iny, tedy trhy s elekt°inou, navrhem tarif- a tarifnimi strukturami v
fesku a dal?ich evropskych zemich. Prace se také zabyva konceptem komunitnich
energetickych systém-. St¥°ejni £asti této prace je vytvo°eni modelu pro simulaci
dennich zat¥°ovych pro |- a zavést to k vyhodnoceni vice scéna®- rozu£tovani.

Teoreticka £ast prace se zabyva trhem s elekt®inou, procesem jeho tvorby a prvky,
které dohromady tvo°i tarifni strukturu. Ceny elektrické energie jsou uvedeny z
historického a aktualniho hlediska pro n¥kolik evropskych zemi. Poté jsou uvedeny
kliEové technologické aspekty komunitnich energetickych systém..

V praktické £asti této prace je uvedena simulace urEend k vygenerovani dennich
pro |- spot®eby doméacnosti. Model, implentovan v prost®edi Matlabu, pou®iva
Poissonovo i Binomické rozd¥leni. VWchéazi z pro lu obsazenosti (aktivity) v ka°dé
doméacnosti v jednotlivych hodinach a také z ndhodného spinani spot°ebif-. Na
zaklad¥ modelu byly otestovany scéna’e pro vypo£et ceny elektrické energie pro jed-
notlivé typové p°ipady domacnosti.

Klifova slova:
Zat¥°oveé pro ly, tarifni struktura, spot°eba energie, cena elekt’iny, trh s elekt®inou,
komunitni energie, domacnosti
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Introduction

Historically, energy systems have been designed to ful Il the demands on the local
residential scale. The energy consumption of towns and communities expanded fast
as the number of activities increased. Because of economies of scale, rising demand,
and resource complementarity, energy systems soon evolved into their current, cen-
tralized, and networked form. Thus, large centralized power plants generate energy,
which is delivered in one direction through transmission and distribution networks to
homes, businesses, and industries. Despite functioning well techno-economically, the
centralized energy system was unable to fully incorporate social and environmental
concerns.

Currently, existing DERs such as solar PV and wind, heat and electricity stor-
age, as well as advances in information and communication (ICT) and smart grid
technologies, allow for the integrated operation of a smart energy system. Simulta-
neously, decarbonization activities on traditionally centralized energy systems will
have a substantial in uence on current energy networks, leading to new types of
energy systems in which DERs will play more prominent roles in energy supply.
Increased electri cation is one such impact, as practically all sorts of local energy
demands can now be ful lled with electricity, and diverse energy carriers can work in
synergy to create a more sustainable and integrated energy system. This energy shift
is altering the distribution grid's load, particularly in residential regions. Consumers
are becoming producers as a result of distributed generation, and electri cation of
heat and transportation changes energy demand away from fossil fuels and toward
electricity. The current grid development processes used by network operators must
be modi ed to ensure the e cient integration of new loads and generation tech-
nologies and to reap the bene ts of demand-side management. However, present
residential load modeling is insu cient to analyze these issues and options, as the
energy transition and demand-side management change the diversity and stochastic
properties of household load pro les.

Many power consumers are becoming prosumers as they increase their level of
self-su ciency. The majority of these investments are in rooftop photovoltaic (PV)
systems which are usually privately owned, at least in the EU. The generated elec-
tricity is either used to meet the needs of the owners or sent into the grid. Typically,
in these types of facilities, generation and consumption peaks do not coincide in time,
resulting in prosumers having a low level of self-su ciency regardless of the original
investment they made. Not like the existing centralized model, in which consumers
are passive players, the energy community paradigm supports consumers' voluntary
participation in the energy system through engaging in the production process. PV
self-su ciency and demand response can be increased by sharing the same gener-
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ating pattern but distinct consumption peaks. Furthermore, communities acquire
greater nancial power, allowing them to invest in alternative energy sources such
as wind farms or combined heat and power (CHP). As a result, energy communities
are viewed as a possible strategy for meeting the EU's future targets. However,
it is unclear to what extent will the inclusion of individuals within a community
benet all participants. Furthermore, social and regional, as well as risk aversion
and political opinions, can hinder the growth of a peer-to-peer controlled society.
Willingness to invest nancial resources remains a deciding aspect that must be
considered. Furthermore, the impact of regulatory frameworks is a topic that is
sometimes disregarded when examining economic bene ts in the context of energy.

This thesis serves as a basis for further research in the eld of community energy.
Beginning with the rst chapter and continuing until the fth, thorough research
on the economical part of electricity distribution, trading, and billing is presented.
Chapter 1 goes over the electricity market, from wholesale to retail and intraday
markets. Chapter 2, dives into the process and elements that make up a well-
designed electricity tari structure. To give a wider view of how much electrical
energy costs in Europe and what makes up the nal price of electrical energy, chapter
3, presents historical and current data about the tari structures, price composition,
and electricity prices in several European countries. Chapter 4 goes through the
attributes and key technological issues in integrated community energy systems, as
well as cost-allocation methods used in traditional power systems and their possible
applicability in community energy systems.

Electrical load forecasting is an important activity in the power grid and is in-
volved in various applications such as energy dispatching for generation, energy
management for demand, and energy trading for the electrical market. Load fore-
casting often includes projections for residential, commercial, and industrial loads,
with the domestic load pro le being di cult to anticipate due to the complexity
and diversity of household energy usage. As a result, it is vital to investigate the
modeling method of the household load pro le with high accuracy. Therefore, in the
more practical part of this thesis, chapter 5 presents a model simulation intended
to generate load pro les of households, ie. energy community. The model follows
a bottom-up method and applies both Poisson and Binomial distributions. It is
based on the occupancy pro le in each household at any given hour, as well as the
random on/o switching of appliances. Chapter 7, it contains the possible outputs
that the user can get from the simulated model. In the nal chapter, results from
the simulation done in the previous chapter are taken and used to calculate the price
of electricity in di erent scenarios.
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1 Electricity market

The following section was taken from [1].

In electricity trading, there are several types of markets. They can be divided by
where the trading is taking place:

Trading on the stock market

Non-organized markets

Wholesale market

Retail market
Another division is according to the length and nature of deliveries:

Long-term market

Short-term market

Regulated energy market

1.1 Wholesale market

Transactions take place in the wholesale market between individual market par-
ticipants in order to secure other business transactions; thus, the wholesale market
is not primarily intended for end consumers. Commercial transactions take place
between manufacturers and traders or between the traders themselves. The role
of the seller and the buyer often change. All members at the wholesale market are
clearing members, they work in their liability regime and therefore have a settlement
agreement with the market operator.

1.2 Retail market

The retail market provides electricity to the nal consumer. It can be trans-
actions between producers and nal consumers, traders and nal consumers, or
between two traders, one of which specializes in electricity supply to end consumers.
The role of the buyer and the seller is usually unchanged. The customer is not
obliged to report his purchases to OTE, as the supplier does this service for him.
The retail price includes unregulated, state-regulated, and tax. Prices are usually
set for one year, ie. the standard length of the supply period.

1.3 Short-term market

A short-term market is a market that is organized by a market operator. The
place of electricity trading is the transmission system of the Czech Republic or a
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foreign electricity system, which participates in the organization of a common short-
term market for the market area of the Czech Republic and foreign market areas.
Depending on the length of the nature of the supplies, the short-term market is
divided into the Day-ahead Market and Intraday Market.

1.3.1 Day-ahead market

It is often referred to as the spot market. This is a supply market organized on
the day before the day of delivery. The day-ahead market is organized as an auction
on the basis of received o ers and demands of electricity for 24 business hours the
next day. O ers and demands are made in euros. According to the received o ers
and demands, the results of the daily market are determined for individual trading
hours, divided into:

" Final transmission of electricity to / from abroad in case of interconnection of
the market area of the Czech Republic and surrounding market areas,

The resulting achieved price of electricity on the daily market

Amount of electricity traded

The nancial settlement of trades is carried out on the next working day after the
day of supply in a standard manner agreed in the contract.

N

N

1.3.2 Intraday market

The intraday market is a trading environment in which traders can trade at a
time very close to the time of supply. Here, their surplus or shortage of electricity
is operatively addressed. This supports in maintaining a robust power grid. It is
organized by OTE for individual hours within the business day. The market for a
given trading day for all individual hours is open from 3 pm on the previous trading
day. The intraday market gradually closes for individual hours. The closing time of
o ers and demands is 1 hour before the given business hour. The signi cance of this
market has grown signi cantly as a result of the large number of installed renewable
energy sources, the operation of which is di cult to predict.

1.4 Stock Market Trading

Exchange platforms are usually divided into spot market and futures market.
There are two exchange platforms in Czechia:
Spot market - organized by OTE
Futures market - organized by PXE (Power Exchange Central Europe).

20



1.4.1 Spot market

The spot market is a fundamental electricity market that is close to actual energy
supply. The spot market determines the price of energy, and a well-functioning spot
market should ensure an economical distribution of production in the power grid.
This market is used to balance the buyer's electricity balance.

Energy is traded here one day in advance, or several days in advance on Friday.
The fundamental products are hourly products, daily zones, and daily supply during
peak hours. Trading typically takes the form of auction mechanisms for hourly
products and continuous trading for daily products. The settlement of trades occurs
on a daily basis.

1.4.2 Forward/Futures market

Products with a longer delivery time (month, year) are traded here - for more
of these periods in advance. The goal of futures markets is to secure the prices of
future electricity supplies.

The benet of futures trading can be seen in the elimination of the risk of a
signi cant change in the spot price.

According to the supply diagram, we distinguish two basic products:

base load supply - represents a delivery of constant performance for the dura-
tion of the contract.

peak load supply - supply at constant power made from Monday to Friday,
always from 8:00 to 20:00

1.5 Trading in large power systems

According to [2], generally in large power systems, the electricity market is di-
vided into wholesale and retail market. Large power generators and large power
consumers in a power transmission system participate in wholesale electricity mar-
kets to sell and buy energy. Large electricity consumers are electrical distribution
systems that buy energy from wholesale markets to meet the energy demands of con-
sumers in various regions. The wholesale market, which operates at the transmission
network level, is responsible for ensuring supply and demand balance, maintaining
system reliability and security, and minimizing the cost of supplying demand at
the system level to the regional level. Participants in this market include power
generation companies, transmission companies, distribution companies, and large
consumers. Electricity is sold through a variety of contracts, including a central
auction and bilateral contracts, this is presented in g. 1.1.
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The retail market was introduced at the level of electricity distribution companies
with the introduction of the Distribution System Operator (DSO), whose task is to
purchase high voltage energy from the wholesale market and transfer it to customers
and clients (potential customers). The DSO serves as a portal to the market's
available services. In fact, participants can request general services from DSO, and
it can introduce and o er potential ones. This market is very competitive due
to consumers' access to various retail services and free entry into the market, as
consumers can switch retailers for better services and lower prices.

Fig. 1.1: Wholesale and retail market in large power systems [2]
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Objectives of the thesis

N

Researching the current tari structures and electricity prices in Czechia and
and Europe.

Modeling energy and power consumption in households taking into account
the community pro le of electricity supply.

Comparing and evaluating tari structures based on selected scenarios from
Czechia or other European countries.

Summarizing the results with recommendations for further validation of the
model.
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2 Electricity tari structures

The following information was collected from [3].

The elements that make up the price of electricity in its supply from generation
to the end-users include generation, transmission, distribution, and supply (retail).
In a liberalized electricity market, generation and supply become competitive ac-
tivities, while transmission and distribution are exclusively operated by TSOs and
DSOs. There are two types of costs that make up the total price of electricity,
variable and xed prices. Fixed costs include capital expenditure and operational
expenditure, which cover O&M costs. Fuel costs and energy purchase costs are pro-
portional to the energy produced or purchased and are thus considered variable costs.

In a regulated market, an operator's total revenues are covered by regulated
taris except for activities that are left to a liberalized market (see g. 2.1). Thus,
cost recovery is ensured, as is a fair allocation of these costs to system users, as
re ected in the tari design. The application of appropriate and fair tari s provides
short-term and long-term signals to system users, contributing to the energy system's
long-term stability and e ciency.

Fig. 2.1: Electrcitiy tari structure before and after the liberalization of electricity
market

Electricity charges paid by the end-user or prices are also known as electricity tar-
I s because they are set by regulatory authorities. Tari s are a collection of charges
that re ect the costs of each activity. These fees include energy costs, transmission
and distribution network charges, and regulated taxes. Before the liberalization of
the electricity market, all of the charges paid by end-users were determined and set
by regulatory authorities. Energy generation and retail activities are left to the mar-
ket; any investor is free to build new power plants and sell electricity at wholesale
market rates. The electricity price is the equilibrium price in the electricity market
determined by the supply and demand curve. In the electricity market, consumers
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can purchase energy from any generation company or retailer at a freely established
price.

Tari s are the monetary compensation for the services provided by the power
system to consumers. A well-designed tari structure should provide both short-
term and long-term sustainable investment in the energy system. There are two
main goals for a tari design, the rst is to recover the total allowed costs and the
second objective is to send the right economic signals to the end-users (see g. 2.2.
The cost recovered in a liberalized electricity market is for network-related activities.
Operators of the market work on making sure that these activities are economically
feasible. As a result, the power sectors will be able to provide end-users with more
sustainable energy. Furthermore, the increasing demand, contributes to attracting
future investments, extending and updating existing infrastructures, and providing
high-quality energy to end-users.

Consumers can bene t from shifting from peak-demand tari s to o -peak hours
taris. In this way, a well-designed structure could provide consumers with the
option of adjusting their consumption and consequently have more control over
their bills.

Fig. 2.2: Electricity tari design

2.1 Regqulatory principles for tari design

For a well-designed tari structure, there are criteria presented in g. 2.3
Sustainability : it is essential in ensuring the full recovery of costs through
the tari and that the power system is break-even and economically viable.

" Additivity  Ensuring that the sum of all the charges is equal to the total

revenue requirement.

A
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Productive e ciency : High quality electricity delivery to end-users at min-
imal costs. This means that the total costs are also controllable and conse-
guently encourage e cient investments. Optimal operation is the main drive
behind productive e ciency.

Allocative e ciency  : Its goal is to encourage consumers to use energy more
e ciently. The optimal distribution of electricity and related services is the
focus of allocative e ciency. Allocative e ciency occurs in classical economics
when the price of the goods equals the marginal cost of generation. This is an
ideal point that bene ts both consumers and producers. Allocative e ciency
leads to more e cient use of energy and existing power system infrastructure.
The two main aspects of economic e ciency that are used to ensure e cient
resource allocation is productive and allocative e ciency. Both principles are
critical in order to improve overall economic e ciency.

Cost causality : It ensures that each element is fairly re ected in the to-
tal cost. For example, generation is both energy and demand-related, The
principle of cost causality makes the tari much more robust.

Equity and non-discrimination . To ensure equity, all consumers in the
same group should be able to equally use and to be equally charged at the
same rate no matter how they utilize the energy.

Stability : Tari s should remain stable in the short term and gradually change
over time to reduce regulatory uncertainty.

Simplicity : Costumers must be able to understand their bills.

Transparency : Like simplicity, transparency means that the process and
structure should be clear to all users.

Fig. 2.3: Regulatory principles
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2.2 Tari structure design

Tari structures include simpli ed constituents that re ect the underlying com-
plexity of the cost structure. These elements are as follows: 1) an energy charge
(¢/KWh) (2) a demand charge (not always included) £/kW) (3) a xed charge
(¢/period). The energy charge charges the consumers depending on their consump-
tion. A demand charge might be part of the cost where the consumer is charged
according to the demand during di erent billing periods. Finally, the xed charge
does not depend on the consumer's consumption but covers the infrastructure and
delivery costs.

The load pro le isn't the only parameter taken into consideration when designing
atari structure. Time-dependent billing has a major impact on the price. Di erent
billing periods exist. For instance, time-of-use energy price, real-time price, and
critical peak price. This time-based pricing o ers consumers the advantages of billing
with demand response. The de nition of a period varies depending on the customer
category. Peak and o -peak periods, for example, are applied to commercial and
industrial customers in general. Di erent periods must be considered when designing
tari s.

2.3 Time-of-Use tari s

According to IRENA's 2019 report on ToU [4], Time-of-Use tari s provide cus-
tomers with the option to monitor and adjust their electricity consumption vol-
untarily (either through automation or manually) to reduce energy expenses. As
the name implies, the price signals are time-based, determined based on the power
system balance or on short-term wholesale market price signals (such as day-ahead
or intraday price signals). Time-based tari structures can be static (e.g., taris
determined in advance) or dynamic (e.g., tari s determined in real time based on
the actual system conditions). Dynamic tari structures include real-time pricing,
variable peak pricing (coincident and non-coincident).

2.3.1 Static ToU

This is typically applicable to usage over long time periods of several hours,
where the price for each time block is predetermined and remains constant. It can
use simple day and night pricing to re ect on-peak and o -peak hours, or the day
could be divided into several periods of peaks and slacks.
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2.3.2 Dynamic ToU

Prices are determined close to real-time electricity consumption and are based
on wholesale electricity prices. Electricity prices are calculated using at least hourly
consumption metering and sometimes 15-minute intervals. Tari s of this type are
typically made up of the wholesale price of electricity plus a supplier margin.

2.3.3 Variable peak pricing

A hybrid of static and dynamic pricing in which di erent pricing periods are
de ned in advance but the price established for the on-peak period varies depending
on market conditions.

2.3.4 Forms of time-of-use tari s

Fig. 2.4: Static ToU (left), Dynamic ToU (Right), Variable peak (Bottom) [4]
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3 Electricity tari s in Europe

The following chapter deals with electricity tari structures in several European
countries including Germany, Denmark, Sweden, Spain and Czechia. It presents
electricity prices in recent years, price components including di erent surcharges
and taxes.

3.1 Germany

The German power grid is one of the largest power grids in Europe. The country
is divided into 4 main regions, each controlled by one of the 4 main TSOs, Tennet,
Amprion, 50Hertz, TransnetBW (see ¢. 3.4). Germany has one of the highest
number of suppliers and number of products. There are approximately 45 million
electricity connection points in Germany. The ve largest suppliers control 80% of
the market, some of which are also known in other countries. E.ON, RWE, EnBW,
Vattenfall and EWE AG (see g. 3.4)

Fig. 3.1: Geographical distribution of TSOs (left) [6] and DSOs (right) [7] Iin
Germany

Germany, which in 2019, generated 41% of its electricity from renewable energy
sources, is looking to increase the installed renewable energy capacity gradually, to
reach its targets. The proportion of renewable energies has considerably increased
over the last decade, while electricity production from nuclear power, lignite and
hard coal is continuously decreasing due to the decision to phase out those energy
sources [8]. More RES calls for more regulations, for example with local energy
communities and citizen participation. This changes the whole scope of the power
grid and respectively the energy market.
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3.1.1 Electricity prices

Each of the above TSOs has di erent electricity prices, but the pricing crite-
ria are the same. In 2021, the average price of electricity for households increased
0.4% compared to the previous year. The current average price of electricity for
households with annual consumption of 3500 kWh is 31.94/6Wh (31.81 c¢/KWh
in 2020). Taxes on electricity prices, currently 16.4 g#kWh, decreased by 0.15
c.,/KWh compared to 2020 (16.55 g/kwh). Network charges for household cus-
tomers increased by an average of 0.6 percent to 7.80kwWh in 2021 (2020: 7.75
c.,/KWh). Purchase and sale prices in household tari s increased by 3.1 percent
(+0.23 c¢/kWh) in 2021. The share of taxes, levies, and surcharges in the price for
households fell slightly to 51.4 percent in 2021 (see g. 2.4). The share of network
fees is 25%, buying and selling have a share of 24%. The average price of electric-
ity for small and medium-sized businesses (excluding electricity tax) increased from
January to May 2021 by an average of 8.1% or 1.32/&Wh compared to the annual
average of 2020 [9].

Prices for electricity in Germany are divided into two categories. The rst cat-
egory is for households with an annual consumption 2000 kWh and 5000 kwh
or an average of 3500 kWh. The second is for small to medium-sized businesses, i.e
non-households with an average consumption of 160 MWh and 20000 MWh [9].

The prices of electricity are calculated according to certain criteria that include
an annual base price for network fees, buying, and selling, and measurement point
operation. Moreover, a monthly price in¢/KWh is established according to the
type of customer (household, non-household business). The monthly price includes
electricity tax, surcharge according to the Renewable Energy Sources Act (EEG),
surcharge according to the Act on Combined Heat and Power (KWKG), surcharge
according to Section Y19 (2) of the Decree on Electricity Network Fees, surcharge
according to Y17f of the Energy Industry Act, and surcharge according to Y18 of the
Decree for interruptible loads, VAT, concession fees and o shore grid fees.

As for the monthly ¢/KWh rate, starting from 2006, the costs of what was
previously known as supply (acquisition and sales), and grid fees, were distributed
over 2 new pricing categories: 1) energy, supply, and sales and 2) grid fees including
measurement.

“consumption units which can reliably reduce their demand for a xed capacity upon request
by the German transmission system operators
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Tab. 3.1: Electricity price components for households. Average electricity price for
a household in ¢/KWh, annual consumption 3,500 KWh [9]

Component 2016 2017 2018 2019 2020 2021
Supply and grid fees - - - - - -
Supply 6.26 571 6.2 7.09 751 7.14
Grid fees incl. Measure- 7.01 7.51 7.29 7.39 7.75 7.81
ments

VAT 4.6 4.67 4.71 4.86 5.08 5.1
Concession levy 1.66 1.66 1.66 1.66 1.66 1.66
EEG fee 6.354 6.88 6.792 6.405 6.756 6.5
KKWG fee 0.445 0438 0.345 0.28 0.226 0.254
Levy for industry rebate 0.378 0.388 0.37 0.305 0.358 0.432
on grid fees

O shore grid levy 0.04 -0.028 0.037 0.416 0.416 0.385
Surcharge for interrupt- - 0.006 0.011 0.005 0.007 0.009
ible loads

Electricity tax - 2.05 2.05 2.05 205 205
Total price 28.797 29.284 29.465 30.461 31.813 31.34

Tab. 3.2: Electricity price components for rms. Average electricity price for a rms
in c¢,/KWh, 160 MWh  Annual consumption 20000 MWh [9]

Component 2016 2017 2018 2019 2020 2021
Supply and grid fees 7 8.02 897 948 848 10.01
Concession levy 011 011 011 0.1 0.11 011
EEG fee 6.354 6.88 6.792 6.405 6.756 6.5
KKWG fee 028 029 0.26 0.28 0.226 0.254
Levy for industry rebate 0.24 025 024 0.2 023 0.27
on grid fees

O shore grid levy 0.03 -0.002 0.040 0.416 0.416 0.395
Surcharge for interrupt- 0.006 0.011 0.005 0.007 0.009
ible load

Electrcity tax 1537 1.537 1.537 1.537 1537 1.537
Total price 1555 17.09 1796 18.43 17.76 19.09
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3.1.2 Price composition

The price composition of electricity according to [10] is:

Supply and sales (retail)

Cost of purchasing power on the wholesale market and consequently price of
energy consumption.

Grid fees

Charges for using the power grid according to the Federal Network Agency
(BNetzA).
VAT

Sales tax, value-added.

Concession levy

Fees on the use of public space for power transmission lines that the utility, paid
on to the consumer.
EEG fee - Renewable energy surcharge

Costs for feed-in tari s and the market premium for large producers.

KKWG fee

A surcharge that nances the guaranteed price CHP operators receive on the
electricity they sell.
Levy for industry rebate on grid fees

Costs enabling large power consumers to be partially or totally exempted from
grid charges.
O shore grid levy

Levy nancing payments made to operators of o shore wind farms and grid
connection costs of o shore wind farms.
Surcharge for interruptible loads

Financing operators of interruptible loads.
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Electricity tax

A tax on the consumption of power, also known as 'ecological tax™ in Germany.

3.1.3 Feed-in tari s and feed-in premiums
Feed-in tari s [11]

In 2000, Germany introduced the Renewable Energy Act (EEG), which is the
main tool for the development and integration of renewables. Feed-in taris en-
couraged and enabled the German citizens to install and invest in renewable energy
sources (PV, wind, and biogas). Renewable power producers were guaranteed above-
market prices for 20 years, as well as grid priority.

Feed-in tari s for renewables are xed for 20 years to guarantee potential in-
vestors' security. However, the compensation for new installations drops at a rate
determined in the legislation. Because guaranteed feed-in taris make renewables
a safe investment, many small producers (households and farmers in the case of
biogas) have entered the market, and they are operating more than 40 percent of
green power facilities. But this doesn't come without a cost; grid operators pass
this surcharge (EEG-surcharge) on to consumers. Unlike high-volume commercial
customers, households are required to pay the full amount of levies and taxes. Ac-
cording to the BDEW, small consumers paid 8.2 billion euros out of the 22.7 billion
euros renewables surcharge in 2019. This means private customers contribute to
more than a third of the country's power bill.

Feed-in tari s are fueled by the EEG-surcharge. EEG-surcharge is the di erence
between the wholesale market price for power on the electricity exchange and the
higher xed compensation rate for renewable energy sources. It is estimated for the
following year, based on historic and current data. It is paid by all consumers of
electricity except for energy-intensive industries.

Market and exibility premiums [12]

Instead of receiving feed-in tari s, operators of renewable energy plants can
choose to sell the electricity they produces to a third party or at the stock mar-
ket. Thus receiving the market premium. Biogas plants operators, who sell their
electricity to third parties, may claim a exibility premium for providing additional
installed capacity that can be used on-demand only rather than on a regular basis.
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3.2 Denmark

Denmark is one of the leading countries in the eld renewable energy, especially
wind energy. In 2020, 56.34% of Denmark's electricity was produced from wind,
both onshore and o shore. Its grid is divided in two pricing zones, West Denmark
(DK1) and East Denmark (DK2) (see g. 3.6). Energinet.dk is the country's only
TSO with multiple DSOs (mainly Dong Energy/Orsted) and suppliers. The western
Danish power grid is connected to Norway, Sweden, Holland, and Germany [13]

Fig. 3.2: Regions DK1 and DK1 [14]

3.2.1 Electricity prices

Electricity prices in Denmark are the highest alongside Germany. In the second
half of 2021, prices for electricity registered an all-time high of 218.06 @gre/kWh,
which is roughly 0.29 ¢/KWh. That represents an increase of 4.76 gre/kWh, com-
pared to the price in the 4th quarter of 2020, which was 213.30 gre/kWh (see g. 3.3).
The price is includes multiple components from supply tarrifs to tari s for the net-
work companies and for Energinet (TSO), as well as a xed electricity tax and VAT
[16].
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