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Background and Purpose: Currently, the idea of households - prosumers is broadly discussed in public govern-
ments, mainly in connection with both the energy security issues and the environmental issues. Therefore, the main
goal of this paper is to present new agent model of household - prosumer and to compare two scenarios — “off grid
household” and “on grid household”. The additional goal is to evaluate the impact of public support of solar electricity
on the economic efficiency of household — prosumer projects (systems).

Design/Methodology/Approach: The model is structured as a micro-level agent model, representing one house-
hold — prosumer. The model has the following general characteristics: one household with own electricity generation
(photovoltaic panels), battery and in case of “on grid household” also connection to the grid. The main goal of the
agent is to cover electricity consumption in household with minimal costs. The agent model of prosumer is tested and
validated, using the empirical data.

Results: The highest level of subsidy has significant impact on the economic indicators of selected scenarios. It
causes lower investment costs at the beginning of the project and consequently shorter payback period (3-4 years
earlier), positive cumulative cash flow, net present value and IRR in earlier period (approximately 5-10 years earlier,
depending on the scenario).

Conclusion: We can recommend to the government to continue with current system of subsidies, since it contributes
to better economic indicators of particular solar electricity projects. On the other hand, the level of subsidy should be
at least the same as in current year 2017, for the purposes of representing the significant part of the investment costs.
Low level of subsidy has negligible impact on the economic indicators of households — prosumers projects. The de-
veloped agent model is suitable for the evaluation of economic impact of public support on households — prosumers.
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1 Introduction Europe 20/20/20 targets setting the mid-term policy frame-
work, and a variety of programmes and tools providing
. . finance and support for regional development.

1.1 Policy introduction Based on Directive 2009/28/EC of the European Par-
liament and of the Council of 23 April 2009' on the pro-

Energy efficiency and renewable energies have a great po- motion of the use of energy from renewable sources and
tential for economic development in Europe’s regions by amending and subsequently repealing Directives 2001/77/
boosting energy security, creating jobs and increasing re- EC? and 2003/30/EC?, the European Union as a whole has
gional autonomy, as well as helping to fight climate change in 2020 target of a 20% share of energy from renewable
(Hunkin et al., 2014). The European Union has contributed sources and a 10% share of energy from renewable sources
greatly to the growth of these sectors in Europe, with the in transport. The countries and regions of central Europe
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vary greatly in their policy frameworks and have a wide
disparity in their current performance and 2020 targets, re-
garding electricity generation, almost all countries are on
track for meeting their commitments (Hunkin et al., 2014).
For the Czech Republic, the European Commission set
a minimum 13% share of energy from renewable energy
sources in gross final energy consumption. Achieving this
goal must be also provided with at least a 10% share of
renewables in transport.

Based on statistics of Ministry of Industry and Trade
of the Czech Republic (MIT, 2017), the yield of gross pro-
duction of electricity from renewable sources in 2015 on
the total gross electricity generation was 11,23%, the share
of renewable energies on primary energy sources was
10,5% and the share of renewable energy on final energy
consumption, in accordance with international methodolo-
gy of calculation EUROSTAT SHARES, was 15,7%.

Regarding public support instruments, government of
the Czech Republic introduced more institutions for sup-
port of renewable energy sources. In the field of legisla-
tion*, the basic law is Act no. 165/2012 Coll., on promoted
energy sources and on amendment to some laws and Act
no. 458/2000 Coll., on business conditions and public ad-
ministration in the energy sectors and on amendment to
other laws (the “Energy Act”). The law is supplemented by
conceptual documents — State energy policy of the Czech
Republic (December 2014), National Renewable Energy
Action Plan of the Czech Republic (2015) and National
Action Plan for Smart Grids (2015). In connection with
this law and conceptual documents, there are the follow-
ing economic instruments supporting renewable elec-
tricity generation: grants on investments, feed-in tariffs,
green-premiums on electricity prices, tax exemptions,
tax reductions and refund of taxes. A feed-in tariff (FIT)
is generally a policy mechanism designed to accelerate
investment in renewable energy technologies. It achieves
this by offering long-term contracts to renewable energy
producers, typically based on the cost of generation of
each technology. The main goal of feed-in tariffs is to offer
cost-based compensation to renewable energy producers,
providing price certainty and long-term contracts that help
finance renewable energy investments. Under the above
law, Energy Regulatory Office sets out the scope and level
of support in its price decisions.

It is also valuable to focus in more detail on Nation-
al Action Plan for Smart Grids (NAP SG)°. Smart grids
(SG) are defined as the electric networks that are able to
effectively link the behaviour and actions of all users con-
nected to them - producers, consumers, prosumers (con-
sumers with their own production) - to ensure the econom-
ically efficient, sustainable energy systems operating with
low losses and high reliability of supply and safety (MIT,

4 https://www.mpo.cz/en/energy/energy-legislation/
5 https://www.mpo.cz/dokument158711.html

2015). Regarding the schedule of NAP SG implementation
in the Czech Republic, the period up to 2019 can be char-
acterized as a period of preparation, the next period 2020-
2029 represents the gradual implementation of SG, and the
period 2030 — 2040 should represent maximum economic
efficiency at the required level of “intelligence” of the SG
in accordance with the needs of the energy system and the
existing technological level at that time (MIT, 2015).

As is mentioned in NAP SG, in connection with the
development of renewable energy sources, the anticipated
development of small sources, including combined heat
and power production, the development of storage capac-
ities and electro-mobility, increases demand on control
systems, protection systems, measuring equipment, auto-
mation equipment and other elements of the power system.

An integral part of considerations on the integration of
intelligent elements into electricity system of the Czech
Republic is to ensure cyber security, privacy and informa-
tion support provided to the client for his decision (MIT,
2015).

Therefore the importance and necessity of econom-
ic models in this area is increasing, especially in case of
models representing the suitable tool for decision making.
The real behaviour and decision making of particular eco-
nomic entities can be different in situation with or without
interactions with other entities — in other words the rules
within a group of economic entities can be different than
individual entity rules. The approach, which includes also
interaction rules, is called ABM - agent based modelling.

The modelling based on the agent based modelling or
complex multi-agent modelling has been historically used
mainly in the field of engineering and information scienc-
es; however, the importance of this kind of models has
been rapidly increasing in the economic sciences and man-
agement, mainly in the area of financial markets manage-
ment, corporate management, water management, waste
management, land management, transportation and energy
sources management. Applying agent based modelling,
the researcher explicitly describes the decision making
processes of particular actors at micro level. The structure
emerges at the macro level as a result of the actions of the
agents and their interactions with each other (Janssen and
Ostrom, 2006).

1.2 Literature overview

We can find mainly studies analysing and evaluating pub-
lic policies and public support of renewable energy sourc-
es and their success in European countries as a whole (Al-
brecht et al., 2015; Marques and Fuinhas, 2012) or selected
USA countries (Bedsworth and Hanak, 2013); however
most of the studies are represented by national case stud-
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ies evaluating domestic economic instruments and state
public policies supporting renewable energy sources, for
example in Romania (Zamfir et al., 2016), Lithuania (Bo-
binaite and Tarvydas, 2014) or Spain (Ortega et al., 2013).

Regarding agent models, we can find for example
agent-based model with multi-level herding for complex
financial systems (Chen et al., 2015), consentaneous agent-
based and stochastic model of financial markets (Gontis
and Kononovicius, 2014), agent-based double auction
markets (Cai et al., 2014) and synthesis of agent-based
financial markets and New Keynesian macroeconomics
(Lengnick and Wohltmann, 2013). In the field of manage-
ment, there should be mentioned mainly multi-agent sys-
tems for the simulation of land-use and land-cover change
(Parker et al., 2003), ecosystem management (Bousquet
and Le Page, 2004), urban traffic management and plan-
ning (Fiosins et al., 2011) or energy management (Lagorse
at al., 2010). There are also studies focused on multi-agent
models connected with climate change or carbon emissions
reduction, for example the study focused on estimating the
impacts of climate change policy on land use (Morgan and
Daigneault, 2015) and carbon emissions trading scheme
exploration in China (Tang et al., 2015).

Dealing with scientific studies focused on prosumer is-
sues, there are only few studies in this field, since it repre-
sents new scientific topic. For example Flaute et al. (2017)
investigated the macroeconomic effects of the evolution of
prosumer households in the future energy market in Ger-
many, Olkkonen at al. (2017) examined micro-producers
of energy as energy “prosumers”—hybrid producers and
consumers—and as a challenge to the current logic of en-
ergy companies’ stakeholder relations in Finland, Zajacz-
kowska (2016) focused on the current state of the Polish
energy sector related to the prosumer energy industry and
described the future potential for the development of pro-
sumer energy in Poland. Bellekom et al. (2016) explored
the emerging rise of prosumers of electricity and its impli-
cations, in particular for grid management and electricity
supply in the Netherlands.

In the Czech Republic, we can find mainly economic
analyses of renewable energy sources implementation and
its economic aspects, for example Ryvolova and Zemplin-
erova (2010) analysed costs connected with the growth
of wind energy supply, Pawliczek (2011) described pho-
tovoltaic sector and its development. Prusa et al. (2013)
analysed consumer loss in photovoltaic power plants in the
period 2010-2011 and Janda et al. (2014) focused on the
total historical and future costs of supporting photovoltaic
electricity generation in the Czech Republic. The model
estimation of such costs is accompanied by a methodologi-
cally unified comparison with the costs of supporting other
renewable energy resources. Zimmermannova and Jilkova
(2016) analysed the relationship between the increase of
renewable electricity generation and the progress of public
support for renewable electricity.

6

Analysis of current scientific studies focusing on pro-
sumer issues, using agent-based models, reveals that there
is a lack of models dealing simultaneously with economic
and environmental issues, mainly in the area of sustaina-
ble energy development and reduction of greenhouse gas
emissions. Moreover, a dynamic model is needed, since
the economic entities have the ability to learn and optimize
their behaviour continuously, depending on both external
and internal changes in their environment. However, there
is also a question of uncertainty, unexpected changes and
disturbances in the economic system; therefore we need
also methods based on language rules.

Therefore, the general goal of our research is to create
an agent model of prosumer. We build on our experiences
with the proposal of multi-agent simulation model appli-
cation in the emission allowances trading area (Zimmer-
mannova and Cermak, 2014) and with creation of a pilot
model of a single agent — the broker simulation model in
the emission allowances trading area, based on fuzzy logic
and language rules (Cermék et al., 2015).

The main goal of this paper is to present new agent
model of prosumer and to compare two scenarios — “off
grid household” and “on grid household”. The additional
goal is to evaluate the impact of public support of solar
electricity on the economic efficiency of prosumer house-
hold projects (systems).

For the purposes of fulfilling all goals of the paper, the
following tasks are defined:

1. Firstly, the general structure of the agent model of
prosumer will be developed;

2. Secondly, the suitable empirical data will be collect-
ed;

3. Two scenarios will be developed — off grid household
and on grid household;

4. The agent model of prosumer will be tested and vali-
dated, using the empirical data;

5. Then, both scenarios will be compared, focusing on
the economic efficiency of particular project;

6. Finally, the evaluation of the impact of public support
of solar electricity on the economic efficiency of pro-
sumer household projects (systems) will be provided.

2 Methods and Data

2.1 Methods

We are going to develop micro-level agent model, repre-
senting one household — prosumer. The model has the fol-
lowing characteristics:

* one household with own electricity generation (pho-
tovoltaic panels), battery and gasoline unit or distri-
butional network;

* the main goal of this agent will be to cover electricity
consumption in household with minimal costs;
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 the primary energy source is a 10 kWp (kilowatt
peak) photovoltaic power plant supplemented by a
15 kWp gasoline unit as an alternative energy source;

* the duration of the project is 30 years;

o the prerequisite for the calculation is knowledge of
the energy profile of production and consumption of
the system (according to the real natural conditions);

¢ the model works with the average daily values of the
household energy profile;

* the key input parameters are the investment costs,
precisely costs connected with the purchase of pho-
tovoltaic panels, alternative energy source - gasoline
unit and battery.

For the purposes of creating of agent model of household
- prosumer, we need to use different methods, including
statistical methods, econometric methods and nonconven-
tional methods using fuzzy logic.

Figure 1 shows the scheme of the agent model devel-
opment.

The general model is defined by the parameters, de-
scribed in the following text.

The inputs to the model are represented by all reve-
nues and expenditures related to the preparation, deploy-
ment and operation of photovoltaic power plant, including
AMM (Advanced Meter Management) and parameters
quantifying elements, activities, entities, or describing
boundary conditions of the model’s operation.

Input data used for the development of general
agent model of prosumer are the following:

* Fixed costs: investment costs (depreciation), over-

head (taxes, fees);

» Variable costs: direct operating costs, operating over-

heads;

* Revenue: produced kWh of electricity and electricity

price;

 Subsidies: Subsidy “New Green Savings” 150.000,-
CZK (approx. 5868 EUR®);

 Discount Rate: official discount rate of Czech Nation-
al Bank, including prediction;

 Alternative fuel prices (N95): empirical data from the
period 1995 — 2016, including prediction;

Output data of the general agent model of prosumer
(for the purposes of this paper) are the following:
* Revenue: savings connected with own electricity
production;
e Cash flow, discounted cash flow, cumulative cash
flow;
» Payback period,
» Net present value (NPV);
¢ Internal rate of return (IRR).

Payback period is an investment evaluation method that
tracks the moment (expressed in years) when the funds
(capital expenditures) are returned to the investment ex-
pended. For the purposes of calculation of the payback pe-
riod we can use Cumulative Cash Flow (CCF):

where N represents the total number of years of operation

CCF=3"R,

n=0

of the investment, n are the current years of operation of
the investment, Rn is the net cash flow in each year of the
investment’s operation. At the moment, when the cumula-
tive cash flow (CCF) is positive, this year n represents a
payback period. CCF can be discounted.

Net Present Value (NPV) - quantifies the current val-
ue of all cash flows over the life of the investment at the
specific interest rate or required rate of return. The general
formula for the NPV calculation is the following:

CREATING:
General structure ofthe
Agent prosumer model.

COLLECTING:
Suitable
empirical data.

CREATING:
Off grid and On grid
household scenarios.

v

EVALUATING:
Impact of the public support of
solar electricity on economic
efficiency in case prosumer
household projects (systems).

COMPARING:
Off grid and On grid
scenarios with focus on
economical efficiency.

TESTING AND
VALIDATING:
Agent prosumer using
empirical data.

Figure 1: The scheme of the agent model development. Source: authors

6 1 EUR =25.56225 CZK (Exchange Rate 10.12.2017)
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where i is the required return/interest (discount) rate.

Internal Rate of Return (IRR) is a similar approach
to investment evaluation that applies the net present value.
However, the IRR seeks to answer the question: “At what
interest rate (required profitability) will the net present val-
ue be zero?” IRR also represents a dynamic method and it
is given by the following equation:

s R
NPV =) ——"—=0
~ 1+ IRR)
where the symbols correspond to NPV. The higher IRR

of a particular investment or project represents the better
solution.

2.2 Data

We have original dataset of daily production of electric-
ity from photovoltaic power plant, installed in VSB-TU
Ostrava, Faculty of Electrical Engineering and Computer
Science; simultaneously we have also original dataset of
daily electricity consumption in typical household, mod-

elled also in VSB-TU Ostrava’. Both original datasets are
available for the authors within the project TH01020426
“System for active management of decentralized energy
units on local level”, financed by the Technology Agency
of the Czech Republic. The main goal of the project is to
develop, verify and assess a system for active management
of energy production, distribution and consumption of an
energy unit on local level. The energy unit is a platform
with a power output corresponding to a house or office
building, which is capable to operate safely and reliably in
island mode thus independently on energy supplies from
external energy system, and is using mainly local renew-
able energy sources. The developed system will be highly
scalable, ensuring its applicability not only for abovemen-
tioned consumers but also for micro-region level (distribu-
tion network). The outcomes of the project will be validat-
ed using simulation models and pilot-scale trials.

Figure 2 illustrates production and consumption of
electric energy of the above mentioned photovoltaic sys-
tem, including balance calculated as the difference be-
tween production and consumption, polynomic trends of
6" degree and 2 day floating average. Points of production
and consumption represent average daily values.

Particular technology used in the model is the follow-
ing: photovoltaic power plant (40 Winaico 250 W panels),
inverters, controllers (Xantrex XW6000, MPPT Xantrex

150
[ I [

System 10 kWp

100

Production and consumption of electric energy (kWh)

I | I
l I # daily production (kWh)

B daily consumption (kWh)

A balance (kWh)

50

——Polyg. (daily production (kWh))

¢ ——Polyg. (daily consumption (kWh))

kwh

-50

-100

l. 1. 11 V. VI.

VII. VIILL IX. X. XI. X1l

-150 Month

Figure 2: Production and consumption of electric energy — collected empirical data. Source: authors

7 Data are available upon request (corresponding author jarmila.zimmermannova@mvso.cz).
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MPPTS80/600), communication (Connect ComBox), ac-
cumulation (4 Accu LA3016, 48V, 30Ah, BMS), case
(600x800x1200), wiring, fuse, 485/IP, DC/DC). Panel
power installed: 10.000 Wp, power per panel: 250 Wp. In-
stallation geographical locality: VSB-TU Ostrava-Poruba,
Moravian-Silesian Region, Czech Republic.

The annual energy profile of our production and con-
sumption system works with the following daily values:

* Daily electricity generation;

* Daily electricity consumption;

¢ Daily usable production (DUP) — production that can
be consumed during the day by the household:

» IF daily production > daily consumption THEN
daily usable production = daily consumption;

e IF daily production < daily consumption THEN
daily usable production = daily production;

* Daily production surplus (DPS) — daily production
exceeding the daily consumption that can be sold to
the grid:

e IF daily production > daily consumption THEN
daily production surplus = daily production - daily
consumption;

e IF daily production < daily consumption THEN
daily production surplus = 0;

* Daily electricity need for electricity from an alterna-
tive source (DEN):

e IF daily production > daily consumption THEN
daily electricity need = 0;

e IF daily production < daily consumption THEN
daily electricity need = daily consumption — daily
production.

Electricity prices for households in the model are rep-
resented by empirical data collected in the period 2000
— 2016, added by calculated trends 2017 - 2050 (CZK/
kWh), excluding VAT.

Alternative energy source is represented by 15 kWp
gasoline unit (HERON EGM 68 AVR-3E®). Gas prices
are represented by empirical data from the period 1995 —
2016, added by calculated trends 2017 - 2050 (CZK / 1),
including VAT.

Discount rate (official discount rate of Czech Nation-
al Bank) is represented by empirical data from the period
1990 — 2017, the annual average value.

For the purposes of feed-in tariff specification, we use
data from Energy Regulatory Office (ERO)’, precisely
feed-in tariffs for electricity generated from renewable en-
ergy sources in CZK per MWh in the period 2003 —2017.

3 Scenarios, assumptions and agent
model design

3.1 Scenarios

For the purposes of the main goals achievement, the fol-
lowing scenarios are defined:

A. Off grid household “ISLAND” — separate system
with battery; the household is completely separate,
not connected to the distribution network; the house-
hold uses photovoltaic panels as a source of elec-
tricity, the extra energy is stored in battery. In case
of a lack of electricity, household takes electricity
from alternative energy source - gasoline unit. The
costs arise only on the household side, the AMM
(Advanced Meter Management) system informs the
household how much it has produced and how much
electricity it has at a given time, including the predic-
tion.

B. On grid household “PARTIAL ISLAND” - con-
nected system with battery; the household is con-
nected to the distribution network, firstly consumes
electricity from own sources, then from the grid, pro-
duction surpluses are supplied to the grid; the house-
hold uses photovoltaics as a source of energy, the
extra energy is stored in batteries. In case of a lack of
electricity, household takes electricity from the dis-
tribution network. Costs and revenues are generated
on the household side and on the distribution side,
the AMM (Advanced Meter Management) system in-
forms the household how much it has produced and
how much electricity is available at the given time
and also ensures switching between the individual
sources - solar panels, batteries and distribution net-
work.

3.2 Assumptions

The following Table 1 describes detailed characteristics of
the scenario “ISLAND”, which are additional to the gener-
al characteristics of the agent model of prosumer.

The detailed characteristics of the scenario “PARTIAL
ISLAND” is similar like in the previous scenario “IS-
LAND?”; however some characteristics are different — they
are described in the following Table 2.

Focusing on public support impact issues, we calculate
in our scenarios also with subsidy “New Green Savings”,
regulated by the Ministry of the Environment of the Czech
Republic. For the purposes of our research, we use the
highest level of the subsidy - 150.000 CZK (approx. 5868
EUR) for one solar electricity project.

8 http://www.heron-motor.cz/media/attachments/catalog_product/22/8896120 1.pdf

9 https://www.eru.cz/en/poze
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3.3 General model — agent prosumer

The following Figure 3 presents the structure of general
agent model of prosumer.

Regarding the Figure 3, EC1 - ECn represent particu-
lar energy consumers (electrical equipment in household
and the rules of electricity consumption for each of them),
EG1 - EGm represent individual energy generators and the
profile of their electricity generation, E-OPER1 — E-OP-
ERk represent particular energy operators on the market,
EC MIX represents energy consumption mix, precisely
all rules based on definition of energy consumer devices
switching profile (day of week, time), the other variables
in the model are Environmental and natural conditions -
Online — Sensors and Offline — external Database (Internet,
Organization CHI Aladin...). In the middle of the mod-

el there we can find the decision-making unit — switcher,
mixer which we can define better as E-broker.

For the purposes of the model development, the fol-
lowing steps are needed:

1. Energy production data collection and connected
prediction based on environmental and natural con-
ditions;

2. Energy consumption data collection and connected
prediction based on consumption of household;

3. Optimization of energy consumption mix, including
costs connected with energy consumption/produc-
tion;

4. Optimization of selection of energy generator
and/or energy operator; it depends on particular sce-
narios.

Table 1: Detailed characteristics of the scenario “ISLAND”. Source: authors

Cash OUT - investment costs

Converters, regulators, communications, control unit.

Accumulation - battery lifetime = 15 years, expected price decrease for
new battery = 25%.

Power generator lifetime = 10 years, new power station is expected to
be purchased at the discounted purchase price.

Cash OUT — operation costs

Maintenance - regular maintenance costs are assumed every 5 years.
Wages and material - regular annual cleaning costs of panels.

Energy (fuel) - regular annual fuel cost for alternative electricity source
(NO95).

Direct (unit variable costs)

Cash IN

Revenue (savings from own electricity production).

Revenue (savings from production) in CZK

Total annual savings from own electricity production.

Saving from production PV annual empirical (kWh)

Annual sum (revenue).

Technical correction

Loss of efficiency about 1% per year.

Electricity price

Forecast of electricity price trend calculated by non-linear (exponential)
model.

Discount Rate

Forecast of discount rate trend calculated by non-linear (exponential)
model.

Table 2: Detailed characteristics of the scenario “PARTIAL ISLAND”. Source: authors

Cash OUT - investments

Power Generator costs = 0.

Cash OUT - operation

Energy - regular annual costs connected with electricity purchased
from the grid.

Cash IN

Revenues (production savings) + revenues from sales of production
surplus.

Production surplus (kWh)

Annual sum of daily surpluses.

Production surplus corrected (kWh)

Production surplus after correction of loss of efficiency about 1% per
year.

Feed-in tariff — price for electricity supply (CZK/kWh)

Feed-in tariff with annual valorization of 2 %. Minimal feed-in tariff
3410 CZK/MWh (approx.133 EUR).

Revenues from sales of production surplus

Production surplus corrected * feed-in tariff

10
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Figure 3: The structure of agent model of prosumer. Source: authors

Energy production and energy consumption data (step 1,
step 2) were collected in VSB-TU Ostrava during the pe-
riod 2015 — 2016, predictions were calculated using em-
pirical data.

In the following part of this paper, we will focus in
more detail on step 3 — optimization of energy consump-
tion mix, partially also connected with step 4 — optimiza-
tion selection of energy generator and/or energy operator.

4 Results

4.1 Economic aspects of scenarios
“ISLAND” and “PARTIAL ISLAND”

Firstly, we should focus on the issue of optimization of
energy consumption mix and the economic aspects of the
scenario “ISLAND”.

Figure 4 shows us the economic aspects of the scenario
“ISLAND?”, precisely cash flow, cumulative cash flow, dis-
counted cumulative cash flow and payback period.

Within this “ISLAND” scenario, cumulative cash flow
indicator as well as discounted cumulative cash flow indi-

cator have increasing trend during the whole time of the
solar electricity project (precisely 30 years), except the 15%
year. In this year we can observe sharp decline, connected
with the battery replacement, since the service lifetime of
the battery is approximately 15 years. Therefore the house-
hold - prosumer should expect additional costs connected
with new battery purchase and installation in 15" year of
the project.

Regarding other useful economic indicator, payback
period, Figure 4 shows us, that the project is not very effec-
tive. The payback period is represented by approximately
23 -24 years.

Secondly, we should focus on the optimization of ener-
gy consumption mix and the economic aspects of the sce-
nario “PARTIAL ISLAND”.

In this scenario, consumption of electricity in our
household is primarily covered by photovoltaic production
and battery accumulation, the household - prosumer can
also purchase electricity from grid. However, eventual sur-
pluses of electricity can be also sold to the grid, potential
revenues depend on current market price or minimal feed-
in tariff (it is the case of our scenario).

Figure 5 shows the economic aspects of the scenar-

11
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Figure 4: Economic aspects of the scenario “ISLAND” — no subsidy. Source: authors

io “PARTIAL ISLAND?”, precisely cash flow, cumulative
cash flow and payback period. We can observe the similar
trends of cumulative and discounted cumulative cash flow,
including the year of battery replacement. On the other
hand, due to the possibility of electricity surplus selling
to the grid and no need to invest to the alternative ener-
gy source - gasoline unit, the payback period looks much
more interesting for possible investors. Figure 5 shows
that the payback period is represented by approximately
18-19 years.

4.2 Impact of public support

As is mentioned in the previous chapters, we will compare
the basic scenarios “ISLAND” and “PARTIAL ISLAND”
with scenarios including public support of solar electricity,
precisely the subsidy “New Green Savings” (NGS), regu-
lated by the Ministry of the Environment of the Czech Re-
public. For the purposes of our research, we use the highest
level of this subsidy - 150.000 CZK (approx. 5868 EUR)
for one solar electricity project.
Figure 6 shows us the economic aspects of the scenario
“ISLAND?”, including this subsidy.
It is obvious, that the trend lines of cumulative cash
flow and discounted cumulative cash flow are similar like
in the basic scenario “ISLAND” without subsidy; however
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the impact of subsidy on the payback period is significant.
Figure 6 shows us, that in the scenario “ISLAND” includ-
ing subsidy the payback period is represented by approx-
imately 20 -21 years. Comparing with the payback period
in the scenario “ISLAND” without subsidy, we can see that
the project will be effective approximately 3 years earlier.

Figure 7 shows us the economic aspects of the scenario
“ISLAND” including the subsidy.

Also the scenario “PARTIAL ISLAND” including sub-
sidy shows us better economic results than the same sce-
nario with no subsidy - the impact of subsidy on the pay-
back period is significant. Figure 7 demonstrates that in the
scenario “ISLAND” including subsidy the payback period
is represented by approximately 9 years, respectively 15
years, including purchase of new battery. Comparing this
result with the payback period in the scenario “PARTIAL
ISLAND” without subsidy, we can see that the project will
be effective approximately 4 years earlier.

4.3 Comparison of selected economic
indicators

This sub-chapter is focused on the comparison of selected
economic indicators of particular scenarios, precisely cash
flow (CF), cumulative cash flow, discounted cash flow, net
present value (NPV) and internal rate of return (IRR).
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Table 3: Results for the scenario “ISLAND” (in CZK) — no subsidy. Source: authors

Year al 5 10 15 20 25 30

Cash Flow - 465892 28107 33907 - 245837 48100 56 601 66 071
Cumul. CF - 465892 - 359733 - 212738 - 343551 - 130251 102798 400873
Disc. CF - 461279 26743 30695 - 211752 39420 44135 49020
NPV - 461279 - 358797 - 223341 - 334016 - 155999 28742 254018
IRR == -41,00% -11,16% --- -4,33% 0,45% 2,67%

Table 4: Results for the scenario “ISLAND” (in CZK) — with subsidy. Source: authors

Year il 5 10 15 20 25 30
CashFlow - 315892 28107 33907 - 245837 48100 56 601 66 071
Cumul. CF - 315892 - 209733 - 62738 - 193551 19749 252798 550873
Disc. CF - 312764 26 743 30695 - 211752 39420 44135 49020
NPV - 312764 - 210282 - 74826 - 185501 - 7485 177257 402533
IRR -33,06% -4,96% --- -0,29% 3,73% 5,56%

Table 5: Results for the scenario “PARTIAL ISLAND” (in CZK) — no subsidy. Source: authors

Year 1 5) 10 15 20 25 30

Cash Flow - 433937 37031 43 081 - 236460 57609 66 141 75502
Cumul. CF - 433937 - 292407 - 100026 - 161952 98 666 399 645 745 160
Disc. CF - 429640 35234 39001 - 203674 47213 51575 56 017
NPV - 429640 - 292999 - 115629 - 165381 52197 291 300 552485
IRR -—- -33,81% -5,70% --- 1,34% 4,45% 5,89%)
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Tables 3 and 4 show the development of particular
economic indicators for both scenarios “ISLAND” with
no subsidy and “ISLAND” including subsidy.

We can see that the subsidy has significant impact on
the values of economic indicators, mainly on cumulative
cash flow, net present value (NPV) and internal rate of
return (IRR). In case of the scenario “ISLAND” with no
subsidy, we can observe negative NPV until 25" year of
the project, simultaneously with negative cumulative cash
flow and negative IRR. The subsidy causes lower invest-
ment costs at the beginning of the project, so NPV, cumu-
lative CF and IRR are in positive values earlier — at the end
of 20™ year of the project.

Tables 5 and 6 show the development of particular eco-
nomic indicators for next scenarios “PARTIAL ISLAND”
with no subsidy and “PARTIAL ISLAND” including sub-
sidy.

Regarding the scenario “PARTIAL ISLAND”, we can
also observe significant impact of the subsidy on particu-
lar values of economic indicators. In case of the scenario
“PARTIAL ISLAND” with no subsidy, we can see neg-
ative NPV until 20" year of the project, simultaneously
with negative cumulative cash flow and negative IRR. On
the contrary, the scenario “PARTIAL ISLAND” including
subsidy shows positive values of NPV, cumulative CF and
IRR in 10" year of the project. However, there are also vis-
ible high additional costs connected with replacement of
the battery in 15" year of the project, which cause negative
values of economic indicators in 15" year of the project.
Finally, we can see positive values in 20" year of the pro-
ject.

The values of economic indicators within all scenar-
ios are corresponding with payback periods, which are
demonstrated in the previous chapters (Figures 4 - 7).

5 Discussion

Based on the above described results, we should discuss
particular scenarios and evaluate the impact of public sup-
port on economic efficiency of the households — prosumers
projects in the Czech Republic.

We calculate in our model with grant “New Green
Savings”, which serves for the households under the New

Green Savings Programme, regulated by the Ministry of
the Environment of the Czech Republic. Current grant
in the total amount 150.000 CZK (approx. 5868 EUR),
used for the purposes of technology investment, repre-
sents important motivation for the households to invest to
the photovoltaics. Within the model, the influence of the
grant on the economic indicators of particular scenarios is
significant in both scenarios “ISLAND” and “PARTIAL
ISLAND”. The households - prosumers will definitely
prefer the scenario with lower payback period, including
the subsidy. Based on the economic indicators of particular
scenarios, the most suitable for the households seems the
scenario “PARTIAL ISLAND” including subsidy; howev-
er, the selection of concrete solution will depend on possi-
bilities and preferences of particular households.

It should be also mentioned, that current level of subsi-
dy represents significant motivation for the households, on
the other hand, the previous levels of subsidy (before year
2017) were low and had negligible impact on the econom-
ic indicators of particular solar projects. Currently, it is
also case of the system of feed-in tariffs. As was mentioned
before, Energy Regulatory Office (ERO) publishes price
decisions in the Energy Regulation Gazette'’, support for
renewable electricity generation is guaranteed for 15 — 30
years, depending on particular renewable energy source.
The minimal feed-in tariffs for the photovoltaics are guar-
anteed for 20 years. Based on the current law, feed-in-tar-
iffs for new producers are calculated every year, whereas
the calculations are based on the current investment costs.
For existing sources, feed-in-tariffs are increased by 2 %
a year, with the exception of plants using biomass, biogas
and biofuels.

Figure 8 shows us the development of feed-in-tariffs
for the electricity generated in solar power plants, depend-
ing on the date of the production start.

We can see that the support for solar power plants dif-
fers, depending on the date of the production start. Regard-
less regular annual increase in particular feed-in-tariffs, we
can see also different level of support in the first year of
the electricity generation and consequent different level
of support in the following years. It should be mentioned,
that under current Energy Regulatory Office decision, new
producers of electricity from solar power plants have guar-

Table 6: Results for the scenario “PARTIAL ISLAND” (in CZK) — with subsidy. Source: authors

Year 1 5 10
Cash Flow - 283937 37031 43 081
Cumul. CF - 283937 - 142407 49974
Disc. CF - 281125 35234 39001
NPV - 281125 - 144484 32886
IRR -- -23,51%

2,21% ---

15 20 25 30
236 460 57 609 66 141 75502
11952 248 666 549 645 895 160
203 674 47 213 51575 56017
16 866 200712 439 815 701 000
7,23% 9,35% 10,29%

10 https://www.eru.cz/en/erv
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Figure 8: Development of feed-in-tariffs for small solar power plants Source: Zimmermannova, 2017

anteed 0 CZK/MWh of electricity, the price of electricity
supplied by them to the grid depends on current market
price.

We should also discuss the restrictions of our model.
Firstly, the model is based on the original dataset of daily
production of electricity from photovoltaic power plant,
installed in VSB-TU Ostrava, and daily electricity con-
sumption in typical household, modelled also in VSB-TU
Ostrava. These datasets represent also the data restrictions
of the model. For the purposes of development of more
detailed model and particular scenarios, we would like to
collect data from real photovoltaic systems installed in
households.

Second restriction is connected with predictions and
price trends for the next 30 years within the model; for
example price trends of energy accumulation technology
represent important part of costs and significant payback
period criterion, especially in the scenario “ISLAND”.
Currently, we are not able to predict correctly the prices for
accumulation systems for the period 2025 — 2040, we can
only expect the significant decrease in market price of the
accumulation systems and simultaneously higher efficien-
cy of it. Further, it is also hard to predict other factors, as
the development of price of photovoltaic panels or market
electricity price.

Finally, the model should contain also space dimen-
sion, precisely additional variables for the purposes of dis-
tinguishing different addresses of particular households —
prosumers (see for example Meixnerova et al., 2017). It is
important since the natural conditions can have significant
impact on both production and consumption of electricity.

Comparing our results with results of international sci-
entific studies in the field of households — prosumers, it
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is obvious, that the main focus of these studies is slightly
different. For example Flaute (Flaute et al., 2017) observes
effects of households — prosumers on the macroeconomic
indicators. The authors conclude that both the investments
in power generating technologies and the higher income
of households — prosumers due to self-produced electric-
ity lead to higher consumption and stimulate economic
growth. At the same time, the increase of prosumer house-
holds reduces emissions.

Olkkonen et al. (2017) clarify the role of the energy
prosumer as a new type of stakeholder and connects pro-
sumer relations to the notion of co-production. Thus, the
article offers valuable information for energy companies
when they update their business models to embrace pro-
sumer relations and community involvement. Also Bell-
ekom et al. (2016) focus on trends which affect current
business models of DSOs and electricity production and
supply companies. The latter are facing a loss of turnover
which needs to be compensated by developing alternative
business models. And DSOs have to deal with the new
needs on the local grid which also require an adaptation
of their business models. Developing business models in
cooperation with local energy communities could be an
attractive alternative to explore.

Our study can represent additional “brick to the wall”,
since our results observe the economic indicators of par-
ticular household — prosumer. Particular household — pro-
sumer can also participate as a stakeholder in the local
energy grid and cooperate with energy companies — pro-
ducers, distributors etc.

Regarding general support of households — prosumers
in the society, it should be mentioned, that there are two
possibilities of households — prosumers encouragement.



Organizacija, Volume 51

Research Papers

Number 1, February 2018

On the one hand, it is public support, including both eco-
nomic instruments (grants, subsidies, feed-in tariffs) and
legal instruments (low administrative barriers of solar
electricity projects) supporting production of renewable
electricity. On the other hand, the second kind of support
is represented by particular energy and/or distributional
company itself, which can motivate the households offer-
ing the motivation level of the electricity purchase price.

As is described in the introduction part, the govern-
ment of the Czech Republic introduced more institutions
for support of renewable energy sources, including the
following economic instruments: grants on investments,
feed-in tariffs, green-premiums on electricity prices, tax
exemptions, tax reductions and refund of taxes. Focus-
ing on the results of our scenarios, we recommend to the
government to continue with current system of subsidies,
since it contributes to lower payback period of the solar
electricity projects of households - prosumers. On the oth-
er hand, the level of subsidy should be at the same or high-
er level, for the purposes of representing the significant
part of the investment costs. Low level of subsidy has neg-
ligible impact on the economic indicators of households —
prosumers. Regarding feed-in tariffs, the minimal feed-in
tariff for new solar sources is currently zero, therefore the
energy companies and distributors are electricity purchase
price setters. Based on this situation, we recommend to the
government also to support development of households
— prosumers friendly environment in the regional energy
markets, since it can lead to mutual benefits on both sides
of households and companies and new system of regional
electricity grids.

6 Conclusions

The main goal of this paper was to present new agent
model of prosumer and to compare two scenarios — “off
grid household” and “on grid household”. The additional
goal was to evaluate the impact of public support of solar
electricity on economic efficiency of prosumer household
projects (systems). Firstly, the general structure of the
agent model of prosumer was developed and the suitable
empirical data were collected. Secondly, two scenarios
were developed, precisely off grid household (scenario
“ISLAND”) and on grid household (scenario “PARTIAL
ISLAND”). The agent model of prosumer was tested and
validated, using the empirical data from VSB-TU Ostrava.
Then, both scenarios were compared, focusing on the eco-
nomic efficiency of particular projects. Finally, the evalu-
ation of the impact of public support of solar electricity on
the economic efficiency of prosumer household projects
(systems) was provided, including discussion of possible
consequences.

Based on our research, it is obvious, that public sup-
port — in our case the highest level of subsidy “New Green
Savings” has significant impact on the economic indi-

cators of both selected scenarios “ISLAND” and “PAR-
TIAL ISLAND”. It causes lower investment costs at the
beginning of the project and consequently shorter payback
period (3-4 years earlier), positive cumulative cash flow,
net present value and IRR in earlier period (approximately
5-10 years earlier, depending on the scenario). However,
besides public support, there is also possibility of private
support of households — prosumers, represented by the
level of electricity purchase price, set by energy and/or
distributional companies, which can motivate particular
households to invest to photovoltaics.

In the following research, we should focus on the col-
lection of the additional data from real households-pro-
sumers and the expansion of our dataset. We would like
also to add spatial variables to the model for the purposes
of distinguishing different locations of the households; it
can bring interesting results and prepare more sophisticat-
ed scenarios. Finally, it is also necessary to try to update
the model in regular intervals, based on the development
of particular input variables of the model.
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Drzavna podpora proizvodnji elektri€ne energije s sonénimi celicami in njen vpliv na gospodinjstva — proiz-
vajalce/porabnike energije

Ozadje in namen: Pri razpravah v razliénih drzavnih sluzbah se pogosto pojavi o ideja gospodinjstvih — proizvajalcih
in obenem porabnikih energije, predvsem v povezavi z vpra8anji energetske varnosti in okoljskimi vprasanji. Zato
je glavni cilj tega prispevka predstaviti nov model (programskega) agenta gospodinjstva - proizvajalca/porabnika
energije in primerjava dveh scenarijev - ,gospodinjstva izklopljena iz omrezja“ in ,gospodinjstva na omrezju“. Dodatni
cilj je ovrednotiti vpliv javne podpore soncni elektriki na ekonomsko u€inkovitost proizvajalcev/porabnikov energije).
Zasnova / metodologija / pristop: model je strukturiran kot model na mikro ravni, ki predstavlja eno gospodinjstvo.
Model ima naslednje sploSne znacilnosti: eno gospodinjstvo z lastno proizvodnjo elektricne energije (fotonapetost-
ne plos¢e), akumulator in v primeru ,gospodinjstva na omrezju“ tudi priklju¢ek na omrezje. Glavni cilj agenta je, da
pokrije porabo elektricne energije v gospodinjstvu z minimalnimi stroski. Model agent je preizkuSen in validiran na
osnovi empiri€nih podatkov.

Rezultati: Najvija raven subvencij pri izbranih scenarijih pomembno vpliva na ekonomske kazalnike. Na zaCetku
projekta zahteva nizje investicijske stroske in posledi¢no krajSe obdobje vracila (3-4 let prej), rezultira pa tudi v po-
zitivni kumulativni denarni tok, neto sedanjo vrednost in IRR pa sta dosezena v krajSem obdobju (priblizno 5-10 let
prej, odvisno od scenarija).

Zakljuéek: Drzavi priporo¢amo, da nadaljuje s sedanjim sistemom subvencij, saj prispeva k boljSim gospodarskim
kazalnikom posameznih projektov son¢ne elektrike. Po drugi strani bi morala biti raven subvencije najmanj enaka
kot v tekoCem letu 2017, da bi predstavljala pomemben del naloZzbenih strodkov. Nizka stopnja subvencije ima za-
nemarljiv vpliv na ekonomske kazalnike gospodinjstev - projekte prosilcev. Model razvitega agenta je primeren za
ocenjevanje gospodarskega vpliva javne podpore na gospodinjstva — proizvajalce/porabnike energije.

Kljuéne besede: obnovijiva elektricna energija; fotovoltaika; gospodinjstva; proizvajalci/porabniki; javna podpora;
agentski model; energetski model
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