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ABSTRACT: Financial efficiency analysis of PV plants with a capacity of T MWp is presented in the
paper, taking into account two RES-E support schemes, which have been implemented in Poland.
The aim of the paper is to analyze how the RES-E support mechanisms for Poland impact the actual
investor's financial results. The compared RES-E support mechanisms are the following: the auction
system (an option of a feed-in-tariff scheme) implemented recently in Poland and the ‘green certifi-
cates' system, which has been in operation for over a decade now. Financial efficiency analysis method
with the sensitivity analysis is implemented to determine the conditions for the most financially effec-
tive PV investments. The results show the crucial factors of financial efficiency of the PV farms, which
are also discussed in view of the conducted sensitivity analysis, which takes into account changes in
the analyzed parameters. The study explores the current policies influencing the conditions of invest-
ments in PV plants in Poland providing information for policy makers, investors and researchers inter-
ested in the solar energy domain.
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Introduction

Our experience of dealing with the potential PV farms investors in Poland
shows, that their reluctance to adopt the PV systems is mostly related to the
perceived high risk of an investment. This high risk is mostly attributed to the
legal ecosystem and financial efficiency of the technology, both adding to the
expected profit uncertainty. Therefore, in the paper we examine the profita-
bility factors related to the PV investments under different RES-E support
schemes in Poland. This should help the investors to make the better-in-
formed decisions about investments in solar PV systems.

Very important factors for the financial efficiency analysis of PV farms are
related to the specific features of the investments size and location, such as
solar conditions or grid connection requirements (Dubel, Trela, 2014). Appli-
cation of multi-criteria decision analyses (Sanchez-Lozano et al., 2016) can
help to determine the most favourable locations for the PV investments.

There is a high potential worldwide for the implementation of the RES
and especially PV technologies. The Bloomberg New Energy Finance (New
Energy Outlook, 2015) is forecasting that declines in the cost of photovoltaic
technology (of about 60% by the year 2040 compared to the costs from 2015)
will drive a 3,7 trillion USD investments in solar, both large-scale and small-
scale, of which 2,2 trillion USD will be attributed to installations on rooftops
and other local PV systems, handing consumers and businesses the ability to
generate their own electricity. The solar energy will become the cheapest
way of producing energy in many countries during the 2020s and 2030s. Its
price is expected to decline significantly in this period.

Although Poland is classified among the European developed countries
with regard to the PV energy implementation, it still needs to catch up with
the countries more advanced in this development. The energy sector in
Poland is still dominated by hard coal and lignite industries. (Frost, Sullivan,
2016). The target of energy share from renewable sources in gross final con-
sumption of energy for Poland is at the level of 15%, to be reached by the year
2020 (GUS, 2013).

In order to reach desirable RES targets and incentivise the RES-E produc-
tion, including PV electricity generation, various schemes have been imple-
mented in the EU Member States to promote this source and to overcome
investors’ reluctance towards such investments. The main existing policies,
diverse among the EU Member States, comprise (Ragwitz et al., 2005a):
feed-in tariffs, quota obligations based on tradable green certificates, invest-
ment grants, tender procedures and tax measures. The identified (Ragwitz et
al,, 2005a) key barriers to the mainstreaming of RES-E in the EU countries
include: administrative, financial and social issues as well as insufficient elec-
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tricity grid capacity. Moreover, the economic efficiency of RES-E support is
perceived lower than it would be possible in an advanced policy environment
and the level of “risk associated with RES-E investments is still evaluated as
comparatively high by the relevant financial institutions in some markets”
(Ragwitz et al., 2005a). Building-up on these concerns financial efficiency of
PV systems under the evolving support scheme in Poland is analyzed in the
paper.

The comprehensive review of support instruments for renewable elec-
tricity conducted by Ragwitz et al. in 2005 shows that the best progress
towards the RES-E targets was achieved in countries with stable support sys-
tems and low overall barriers for the development of RES-E, i.e. Denmark,
Finland, Germany and Spain. Rodrigues et al 2016 studied several countries,
including Australia, Brazil, China, Germany, India, Iran, Italy, Japan, Portugal,
South Africa, Spain, United Kingdom, and the United States of America, to
identify the most profitable conditions and places for PV investments and
indicated Australia, Germany, and Italy as the best countries.

Case studies dealing with determination of the PV plant economic effi-
ciency as well as the results and profitability of various PV support schemes
have been identified (Moreira et al., 2003; Trela, Dubel, 2014; Azofraet al,,
2015; Cervone et al.,, 2015; Liu et al,, 2015; Rodrigues et al.,, 2016; Bakhshi,
Sadeh, 2016) to build the developed analysis upon these findings.

Evolution of PV support scheme in Poland

Driven by the EU directives (e.g. Directive 2009/28/EC) and strategies
(e.g. Energy, 2020) the polish energy sector has been undergoing constant
changes (RES Law 2015, Energy Law 1997 with later changes). The brief his-
tory of the polish support scheme in relation to EU and other EU Member
States policies is presented.

With the adopted RES Law in June 2016 and Regulation of the Ministry of
Economy on the reference price in 2016 Poland moved from quota obliga-
tions based on tradable green certificates to the auction-based system as an
option of a feed-in tariff system. In 2005 (Ragwitz et al,, 2005b) Poland was
developing a certificate system to support its already existing obligation
scheme. In the European Union also Sweden and Romania as well as Belgium,
UK and Italy (in combination with other approaches) had a quota obligation
systems (Ragwitz, 2013). It can be observed that the countries with the
mixed systems have the most effective schemes, for which they were pro-ac-
tively searching. The studies delivered within the RE-SHAPING project, aim-
ing at providing help to the EU Member States in the RES Directive imple-
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mentation, showed the disproportion between the minimum to average solar
PV generation costs ranging between 270 to 420 EUR/MWh and average to
maximum remuneration is at the level of about 120 EUR/MWh in Poland.
At the same time in Poland potential profit rate is assumed to be negative and
the policy effectiveness indicator is 0%, according the RE-SHAPING studies.
Taking the above into consideration together with the mentioned extremely
low PV RES-E production in Poland, initiative towards the modification of the
PV support scheme in the country is justified and substantiated.

Analysis of the situation on the electricity market in Poland
within the framework of the operating support systems

Acting in Poland since 2005, the system of so called “green certificates”
does not currently fulfil its function, primarily because the market price of
certificates of energy origin is so low (43.91 PLN/MWh; based on the OZEX_A,
access on the 12.10.2017) that in combination with the average price of elec-
tricity sold on the competitive market (162.50 PLN/MWh; based on Informa-
tion of the President of the Energy Regulatory Office No. 65/2017 - average
price for the second quarter of 2017) cannot guarantee the return of invest-
ment costs incurred in the case of many RES installations. Moreover, the
prices of the green certificates have been decreasing dramatically over the
past few years (see figure 1), and therefore in many cases the investment
decisions concerning the construction of renewable electricity installations
have been made under the assumptions of investment income that has not
been matching the market realities.

In figure 1 the prices of the certificates of origin of electricity produced in
renewable energy sources in the period from the 15t of March 2009 till the
end of 2016 (PMOZE_A) are presented. Property rights to the certificates of
origin of electricity produced in renewable energy sources prior the 15t of
March 2009 are considered as different financial instrument and therefore
they are not shown in figure 1.

These assumptions had sometimes led to calculations of the energy
prices used for the RES investments’ analyses at the level of twice the current
market price of energy sales. As a consequence, the actual revenues for a
given period of many RES investments are less than the sum of operating
costs and financial costs (the vast majority of investments use bank loans as
an additional source of financing), leading to bankruptcy in the long run.
Despite numerous market signals of a negative return on investment, so far
no big wave of bankruptcies has yet occurred. This is due to the fact that
almost every RES investment has been co-financed from the EU funds and in
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Figure 1. Average annual prices of property rights arising from certificates of origin for

electricity from renewable sources (“green certificates”) in Poland in 2009-2016
[PLN]

Source: author's own work based on TGE.

such case an investor would be required to return the subsidy received if the
project long-term performance is not shown (usually in 5 years time). There-
fore, it is often more financially justified to produce electricity at a loss
demonstrating the long-term performance of the project than to terminate
the activity.

The reason for such sharp falls in prices of certificates is their oversupply,

which main reasons are as follows:

1.

Granting of equal rights to biomass and coal co-firing technologies as
well as other technologies for obtaining certificates of origin of electricity
production - one certificate for one MWh of electricity (until 2016). The
low investment required to implement this technology in relation to rev-
enues from energy sales led to the rapid development of this technology
and, consequently, the “production” of a large number of so-called green
certificates.

Allowing substitute fees, regardless of the possibility of acquiring the cer-
tificates and the price of the property rights resulting from certificates of
electricity production origin, has led to the situation where an entity
obliged to present a certain amount of green certificates sometimes
decided to pay a much higher replacement fee instead of buying certifi-
cates of origin. This decision was taken by small entities in view of the
transaction costs associated with the complexity of the acquisition pro-
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cess and the subsequent remission of certificates of electricity produc-

tion origin.

3. The lasting validity of certificates of origin in the subsequent years after
the year in which the energy was produced on one hand is the obvious
consequence of giving the property rights to the producer for a unit of
produced energy, on the other hand, causes the green certificates to accu-
mulate on the market. This, coupled with the recent surpluses of their
supply, has led to the ever-lower levels of the green certificates market
prices.

The failure of this support system, limiting the possibilities of develop-
ment of renewable energy sources in Poland, has forced action to reform it.
As the result an auction system under the Renewable Energy Act of the 20t
of February 2015 was introduced. This has had far-reaching consequences in
the approach to investing in renewable energy sources in Poland. The inves-
tors, whose power plants have produced electricity since the 15t of July 2016,
could already benefit from this support system based on the auction system.
On the other hand, the investors who started electricity production before
the 15t of July 2016 can theoretically choose whether they will continue to
reckon up in the ‘green certificates’ system or whether they will benefit from
the auction system. The difference, however, is that in the case of “new” pro-
ducers the contract for the sale of energy is signed for 15 years, whereas in
the case of existing installations, the length of the contractis 15 years counted
from the start of energy production by the installation. This means de facto
that for the existing installations the auction price is guaranteed for the num-
ber of years to complete the operation of a given installation up to 15 years.
Thus, in the profitability analyses of different installations carried out with
standard assumptions, revenue from the sale of electricity for each of the
renewable energy generation technologies should be higher in the auction
system than in the ‘green certificates’ scheme. Therefore, it could have been
assumed that the auction system is absolutely superior to the system based
on certificates of electricity production origin, as it guarantees higher return
on investment and thus leads to the development of the RES market in Poland
compared to the current situation. However, to determine whether this is the
case in market reality, it is advisable to analyze the auctions that have already
taken place and the ones that are planned within the framework of this sys-
tem.

The first auctions in Poland were announced on the 30t of November
2016 and took place on the 30t of December 2016. These were auctions con-
cerning the production of electricity in the following installations:
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1. Existing installations with a power of no more than 1 MW using only agri-
cultural biogas. Auction prices were between 502.23 PLN/MWh and
504.57 PLN/MWh.

2. Existing installations with a power greater than 1 MW using only agricul-
tural biogas. The auction was not conducted because of too few bids.

3. New installations with a capacity of no more than 1 MW using other RES,
such as photovoltaic, wind power, hydro power plants, etc. Auction prices
received were between 253.50 PLN/MWh and 408.80 PLN/MWh.

4. Existing installations with an installed capacity of no more than 1 MW,
meeting the criterion of the installed capacity of electric power above
3504 MWh/MW /year and with an emissivity of no more than 100 kg/
MWh (in particular: some hydropower plants). Auction prices received
were between 30.00 PLN/MWh and 468.00 PLN/MWh.

More auctions were announced on the 29t of May 2017 and took place
on the 29t and 30 of June 2017. These were auctions related to the produc-
tion of electricity in installations analogous to those in points 3 and 4 of the
2016 auctions presented above. The auctioned prices were at the level of
195.00-398.87 PLN/MWh and 290.00-474.00 PLN/MWHh, respectively.

The other auctions scheduled for 2017 were announced on the 23 of
August 2017 and should have taken place on the 28t of September as well as
on the 2nd 4th and 6th of October 2017. These auctions were related to the
production of electricity in existing installations:

1. with installed capacity of no more than 1 MW, meeting the criterion of the
installed capacity of electric power above 3504 MWh/MW /year (in par-
ticular: non-agricultural biogas plants, biomass units and some hydro
power plants),

2. with installed capacity of more than 1 MW, meeting the criterion of the
installed capacity of electric power above 3504 MWh/MW /year (in par-
ticular: non-agricultural biogas plants, biomass units and some hydro
power plants),

3. with installed capacity of no more than 1 MW using only agricultural bio-
gas,

4. with installed capacity of more than 1 MW using only agricultural biogas.
However, due to the entry into force of the new regulation on the maxi-

mum quantity and value of electricity from renewable energy sources, which

can be sold by auction in 2017, three of these auctions were cancelled (on the
2rd, 4t and 6% of October), and on the one, which actually took place, it was
assumed that the volume of energy sales was 0 MWh.

After the first turbulent period, the auction system stabilized and the
announced auctions were not canceled. However, this have not changed the
fact that the prices obtained during these auctions has constituted a big
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unknown for the owners of PV installations, especially those with a capacity
above 1 MWp. In the auction announced on October 2, 2018, the maximum
price obtained at the auction for PV installations with a capacity above 1
MWp was at the level of 216.99 PLN/kWh, while for installations with a
capacity of up to 1 MWp, the price ranged from 288.99 to 364.99 PLN/MWh.
Such a difference in no way reflects the difference in the unit costs of con-
structing a PV installation with a capacity below 1 MWp and above 1 MWp,
which are comparable in both cases. However, it resulted mainly from the
structure of the auction basket combining PV investments with wind farms
and form the volume of energy intended for purchase under this auction.

Based on the analysis of prices obtained during the auctions in 2016 and
in the mid 2017, it should be noted that they are significantly higher than
those that could be obtainable under the green certificates scheme. However,
the current functioning of the auction system indicates still a very high uncer-
tainty of the RES market in Poland. Earlier, in the green certificates scheme,
the uncertainty was related to the price of property rights and in the auction
system it is related to the government preferred technology of energy pro-
duction and quantity of contracted energy. For instance, photovoltaic tech-
nology for installations with a capacity of more than 1 MW in general is not
foreseen for support in 2016 and 2017.

In the paper, however, it was decided to carry out an analysis of a photo-
voltaic installation with a power greater than 1 MW assuming that the tech-
nology would receive government support in the near future. In the absence
of such support, the analysis remains valid as the investment and operating
costs of installations of approximately 2 MW are proportionally higher than
the most popular installations currently installed in Poland with a capacity of
slightly less than 1 MW.

Method and assumptions

An important efficiency question related to the PV energy production
arises: whether the larger incentive is sufficient to cause that in the condi-
tions of the auction system, investors will create a photovoltaic farm based
on the so-called ‘trackers’ (movable frames) instead of ‘standard’ power
plant, in which cells are mounted on fixed racks. In order to answer this ques-
tion a comparative analysis was conducted comparing financial parameters
determining the profitability of investments involving construction of photo-
voltaic farm with a capacity of 1 MWp, where the cells are placed on a fixed
racks, to the investments in the similar farms using ‘trackers’. Main assump-
tions are presented in table 1.
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Table 1. Assumptions used in the comparative analysis of financial parameters influencing
the financial efficiency of a PV farm

Categories fixed racks mobile racks
Period of analysis [years] 15

Interest rate (discount rate) [%] 4
Investment costs [PLN] 2773522 3328226
PV panels, supporting construction, inverters, wires, etc. [PLN] 2511222 3021477
Supporting construction [PLN] 539016 1097992
Fence [PLN] 72450 101429
Monitoring [PLN] 43120 51744
Alarm system [PLN] 34230 41076
The design & paperwork for the project [PLN] 50000 50000
Connection to the energy grid [PLN] 62500 62500
Operational costs [PLN] 70625 125291
Insurance fee (0.4% of investment cost) [PLN] 10045 12086
Tax on construction (2% of the supporting construction value) [PLN] 10780 21960
Land mortgage [PLN] 20000 28000
Service [PLN] 12000 38325
Business activity property tax [PLN] 17800 24920
Subsidies (funding) [PLN] 1238505 1464189

Source: author's own work.

The presented in the table 1 financial assumptions are adopted based on
the bidding offers from the constructors. The values represent the average
values of 3 collected offers in 2019. A 15-years period of calculation is
adopted due to the fact that the auction system guarantees the purchase of
energy at a fixed price for 15 years starting from the launch of the electricity
production facility.

Degradation rate of panels is estimated at the level of 0.8% per annum
and it will be at the level of 80% of their performance after 25 years of usage,
according to the warranty provided by the manufacturers about the perfor-
mance of photovoltaic panels.

Insurance fee for a photovoltaic farm is assumed to be 0.4% of the value
of the investment on the basis of information obtained from the insurance
company Gothaer.
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Tax on construction (2%) is calculated only with regard to the supporting
structure according to the judgment of the Provincial Administrative Court in
Opole of 13 June 2014 (ref. No. Act: I SA/Op 327/14).

The loan interest rate is assumed to be 4% based on the market analysis
of investment credits for companies (adopted instalment annuity).

It is assumed that in the first year (year of the investment construction)
it is necessary to take out a loan for the entire amount of gross investment.
It is assumed that the repayment of the loan would occur after 2 months,
when the funding from the European Union will be received.

To determine the amount of funding from the EU it is assumed that the
entrepreneur obtains financing at level of 60% of the investment eligible
costs, calculated on the basis of paragraph 41.6b of the EU Regulation No
651/2014. The regulation specifies that ‘the cost of investment in the pro-
duction of energy from renewable sources can be determined by reference to
similar, less environmentally friendly investment, which would likely be car-
ried out in the absence of the aid’. The difference between the costs of both
investments determines the cost of renewable energy and constitutes the
eligible costs of investment. The reference (benchmark) investment in the
electricity production, according to the interpretation of the Polish Ministry
of Infrastructure and Development, ‘a traditional power plant with the same
capacity in terms of effective production of energy’ should be considered.
Therefore, a power plant fuelled by natural gas, which is able to produce the
same amount of electricity as a planned photovoltaic farm, is chosen as a
benchmark investment in the analysis. So, according to the methodology the
cost of natural gas power plant is deducted from the cost of the photovoltaic
system (the specification of costs is based on the offer price of the manufac-
turer).

The calculations are made in fixed prices, the discount rate is assumed at
4% - based on the “Guidelines for issues related to the preparation of pro-
jects from 2014 to 2020”. Depreciation is assumed linear at the level of 7%.
However, it should be noted that from the point of view of calculating the
income tax, only the part of the investment that has not been subsidized is
subject to depreciation. It is assumed that in the case of ‘trackers’ the repair
costs of moving parts amounts to an annual average of 1.5% of the total cost
of frames (21 525 PLN). The initial price for 1 MWh of electricity is deter-
mined at the level of 385 PLN per MWh, based on the provisions of the polish
Law on Renewable Energy Sources (paragraph 39.1) and based on a draft of
Regulation of the Ministry of Economy on the reference price in 2019, speci-
fying the reference price for this type of installation, according to presented
auction mechanism.
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Basically, for all the above assumptions, the following sales prices for
electricity are taken into consideration:
+ for PV installations in the ‘green certificates’ scheme:

— 391.72 PLN/KWh - for both types of PV panels set up: fixed racks and
trackers,

— 247.21 PLN/MWh - average selling price of electricity on the com-
petitive market according to Q2 2019 (Statement of the President of
the Energy Regulatory Office),

— 144.51 PLN/MWh - price of the contract PMOZE_A (‘green certifi-
cate’) on the5.11.2019,

¢ for PV installations with stationary frames in the auction system: 310.64

PLN/KWh,

¢ for PV installations with mobile racks in the auction system: 322.16 PLN/
KWh.

Results

Taking into account the above assumptions, the basic financial parame-
ters of investment in photovoltaic farm with installed capacity of 1 MWp with
the fixed frames or with the ‘trackers’ are compared, both for the auction
system and for the ‘green certificates’ system. The results are shown in table 2.

The analysis shows that the best investment in terms of earned income is
the photovoltaic farm with mobile racks in the conditions of the green certif-
icates. It is mostly due to the higher efficiency of the solution and higher elec-
tricity sales prices.

Just on the basis of electricity sales prices, it can be stated that, under
current market conditions in 2019, a higher return on investment is guaran-
teed by the auction system compared to the ‘green certificates’ scheme. How-
ever, the efficiency related to the technology of installation (in this case the
movable or fixed racks) is also important. Therefore, in order to assess
changes in the costs and revenues related to the operation of the analysed PV
systems, a sensitivity analysis of the financial results is carried out, recogniz-
ing the uncertainty surrounding the estimation of several parameters, which
significantly affect the costs and return on investment. This enables to draw
comprehensive conclusions about the impact of the current support system
on the directions of development of photovoltaic power generation schemes
in Poland.
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Sensitivity analysis was carried out taking into account the following

parameters:

* annual costs associated with service and operation of mobile racks (in

percentage of the supporting construction value),

¢ increase in energy yield when using mobile racks in relation to a fixed

frames (in percentage),
¢ annual cost of land lease (in PLN per ha),
¢ annual rate of panels’ degradation (in percentage),

e increase in investment costs of PV installation in case of the mobile racks

in relation to the fixed frames (in percentage).
The results of the analysis are presented in table 3.

Table 3. Changes in the financial outcomes resulting from variations in selected
parameters of the PV system

Parameter

fixed frames in . mobile racks .
, fixed frames in L mobile racks
the ‘green . within the . .
; , the auction , . in the auction
certificates green certifi-
system , system
system cates’ system

Annual costs related to mobile
racks (initially 1,5% of the support-
ing construction value)

0,1 percentage point increase of this costs leads to profit decrease of

not not

applicable applicable 1.78% 1.87%

Percentage increase in energy
yield of PV installation with mobile
racks in relation to the PV installa-
tions with fixed frames (initially
30%)

1 percentage point increase of the yield leads to profit increase of

not not

applicable applicable 183% 4.27%

Annual cost of land lease (initially
10000 PLN/ha)

1 percentage point increase of this cost leads to profit decrease of

0.13% 0.29% 0.15% 0.36%

Annual panel degradation rate
(initially 0,8%)

for 0,1 percentage point (increase in the rate leads to profit decrease)

1.55% 3.58% 1.73% 4.12%

Percentage increase in investment
costs of PV installations with
mobile racks in relation to PV
installations with fixed frames
(initially 20%)

1 percentage point increase of this costs leads to profit decrease of

not not

applicable applicable 1.66% 3.91%

Source: own elaboration
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It is important to determine the direction of the change with regard to
parameters in table 3 when determining the change in return on investment.
When several of the analysed parameters are considered at the same time,
in order to obtain the final percentage change in the return on investment,
it is sufficient to sum up the percentage changes in profit resulting from
changes in individual parameters.

The conduced sensitivity analysis revealed that a change in each of the
analyzed parameters would have a greater impact on the return on invest-
ment in case of the auction system than in case of the ‘green certificates’
scheme.

Discussion of results

It should be noted that the decisive factor for the profitability of invest-
ment in the photovoltaic farm with mobile racks is the cost of maintenance of
the movable parts (frames). This cost has been adopted in the above calcula-
tion at the level of 1.5% of the initial value of the PV panels fixed system per
year, but due to the short period of use of this technology and its marginal
application in the climatic conditions of Poland, this value in the 15-years of
operation can, in fact, differ significantly from the assumptions.

A photovoltaic farm with ‘truckers’, under the undertaken assumptions,
will generate more profit than investment based on fixed frames, until the
annual maintenance costs of movable parts will exceed approximately 2.2%
of their initial value in the auction system and adequately 3.4% in the ‘green
certificate’ scheme.

The analysed regulatory ecosystems of the PV investments (auction sys-
tem versus ‘green certificates’ system) are among the important factors
determining the profitability of PV investments. The slight changes in the
conditions within such systems can have significant impacts on the invest-
ment profits.

Uncertainty applies to both green certificate prices (prices and their vol-
atility cannot be predicted) as well as auction prices. In the second case, it is
not known whether the auction for a given type of renewable energy will be
announced, and when it is announced it is not known how the “basket” will
be constructed (i.e., if wind and pv is included in one basket, this will lower
the pv price). Another uncertainty concerns the reference price and another
uncertainty is related to the price offered by other entities during the auc-
tion. Therefore, in both cases there are many factors that make the uncer-
tainty of future prices high.
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Conclusions

Under the current market conditions in Poland, the RES support scheme
using auctions to determine the purchase price of electricity can generate
lower returns on investments, from the construction of PV farm with a capac-
ity of 1 MWp or more (assuming proportionality of investment and operating
costs), than the RES support system using ‘green certificates’.

The system of ‘green certificates’ creates a greater incentive to use mova-
ble frames in the construction of photovoltaic farm than the auction system,
because the analysis showed that the profit in the system of ‘green certifi-
cates’ is greater by over 16% compared to fixed frames. Whereas in the case
of the auction system and given the assumptions used in this analysis, the
corresponding profit increase is over 12%.

For all the RES the auction system allows to perform much more accurate
revenues forecasts than a system based on ‘green certificates’, in which the
unpredictable parameter is the price of the property right.

Moreover, regardless of the RES support system, risk factor related to the
level of additional maintenance costs of movable parts in the PV installations
can limit the use of this technology. Given the uncertainty in the legal system
in Poland concerning renewable energy sources and hence the structure of
the support scheme, additional risk associated with the efficiency of technol-
ogy with mobile racks might be too much for the investors to bear.

It should be remembered that the conducted analysis takes into account
current market conditions for 2019. It is possible that the price of electricity
on the free-competitive market will increase, and the reference prices, which
are the initial value for the calculation of the adjusted price, will not change
or will fall as a result of changes in the prices of technologies used in renew-
able energy sector. It is also possible that the price on the free-competitive
market will fall and reference prices will rise, e.g. for political reasons. There-
fore, from the point of view of the electricity producer, it is financially justi-
fied to use the auction system only when the energy price on the free-com-
petitive market is lower than the adjusted price, which is calculated after
taking into account the “correction” of the reference price related to co-fi-
nancing per unit of energy produced in a contracted 15-year billing period. If
the energy producer uses the “green certificates” system, the auction system
will be more financially advantageous only if the adjusted price is higher than
the sum of the energy price on the free-competitive market and the PMOZE_A
price. Thus, green certificates will be more profitable than auctions as long as
the price resulting from them (the price of the green certificate and the price
of energy on the free-competitive market) is higher than the price from the
auction.



EKONOMIA | SRODOWISKO 4 (71) « 2019 Environmental policy and management

53

The contribution of the authors

Both authors participated equally in conception, development, literature review,
acquisition of data, analysis and interpretation of data.

Literature

Azofra D. et al. (2015), Economical-environmental impact of subsidised renewable
energy sources for electricity (RES-E) in the Spanish system, “Energy for Sustaina-
ble Development” Vol. 29, p. 47-56, DOI: 10.1016/j.esd.2015.09.002

Bakhshi R., Sadeh J. (2016), A comprehensive economic analysis method for selecting
the PV array structure in grid-connected photovoltaic systems, “Renewable
Energy” Vol. 94, p. 524-536, DOI: 10.1016/j.renene.2016.03.091

Cervone A. et al. (2015), Impact of regulatory rules on economic performance of PV
power plants, “Renewable Energy” Vol. 74, p. 78-86, DOI: 10.1016/j.renene.2014.
06.037

Directive 2009/28/EC of the European Parliament and of the Council of 23 April
2009 on the promotion of the use of energy from renewable sources

Dubel A., Trela M. (2014), Efekty}wnos’c’ finansowania elektrowni fotowoltaicznych, in:
M. Czyz, ]. Dyduch (eds.), Srodowiskowe i finansowe uwarunkowania funkcjo-
nowania podmiotéw gospodarczych, Wydawnictwa AGH, Krakéw

Edenhofer O. et al. (eds.) (2014), Mitigation of Climate Change. Contribution of Work-
ing Group III to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change, Intergovernmental Panel on Climate Change, Cambridge, New
York

Energy (2020), EU energy strategy, European Commission, Brussels

Field C.B. etal. (eds.) (2014), Climate Change 2014: Impacts, Adaptation, and Vulnera-
bility, Part A, Global and Sectoral Aspects, Contribution of Working Group II to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Cam-
bridge, New York

Frost, Sullivan (2016), Global Solar Power Market - 2016 Update, Solar PV Gains
Momentum as a Globally Irreversible Mainstream Energy Source

Giacomarra M., Bono F. (2015), European Union commitment towards RES market
penetration: From the first legislative acts to the publication of the recent guide-
lines on State aid 2014/2020, “Renewable and Sustainable Energy Reviews” Vol.
47,p.218-232,D01: 10.1016/j.rser.2015.03.006

GUS (2014), Energy from renewable sources in 2013, Central Statistical Office, Indus-
try Division, Ministry of Economy, Energetic Department, Warsaw

Instytut na rzecz Ekorozwoju (2009), Alternatywna polityka energetyczna Polski do
2030 r., Warszawa

Komisja Europejska (2011), Rozporzqdzenie Parlamentu Europejskiego i Rady usta-
nawiajgce instrument “Laczac Europe”, Bruksela, dnia 19.10.2011, KOM(2011)
665

Kowara M., Lasocki K., Trepka M. (eds.) (2014), Analiza polskiego systemu wsparcia
produkcji energii elektrycznej z odnawialnych Zrédet energii w postaci Zielonych
Certyfikatéw na podstawie prawa pomocy publicznej, K&L Gates, http://www.


http://www.sciencedirect.com/science/journal/09730826
http://www.sciencedirect.com/science/journal/09730826
http://www.sciencedirect.com/science/journal/09730826/29/supp/C
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/47/supp/C
http://www.sciencedirect.com/science/journal/13640321/47/supp/C

54 Environmental policy and management EKONOMIA | SRODOWISKO 4 (71) + 2019

cire.pl/pokaz-pdf-%252Fpliki%252F2%?252Fanaliza_polskiego_systemu_zc__
publikacja.pdf [30-06-2016]

Krajowa Strategia Rozwoju Regionalnego 2010-2020: regiony, miasta, obszary wiejskie
(2010)

Kylili A., Fokaides PA. (2015) Competitive auction mechanisms for the promotion
renewable energy technologies: The case of the 50 MW photovoltaics projects in
Cyprus, “Renewable and Sustainable Energy Reviews” Vol. 42, p. 226-233, DOI:
10.1016/j.rser.2014.10.022

Liu X. et al. (2015), Lifecycle climate impacts and economic performance of commer-
cial-scale solar PV systems: A study of PV systems at Nevada’s Desert Research
Institute (DRI), “Solar Energy” Vol. 119, p. 561-572, DOI: 10.1016/j.solener.2015.
05.001.

Mayr D., Schmidt ]., Schmid E. (2014), The potentials of a reverse auction in allocating
subsidies for cost-effective roof-top photovoltaic system deployment, “Energy Pol-
icy” Vol. 69, p. 555-565, DOI: 10.1016/j.enpol.2014.01.029

Ministry of Environment (2012), Strategy of Energy Safety and Environment. Perspec-
tive to year 2020, Project 28.06.2012 [Strategia Bezpieczeristwo Energetyczne
i Srodowisko. Perspektywa do 2020 r., projekt 28.06.2012], Warsaw

Moreira M.ET,, Martins ].S., Afonso ].L. (2003), Renewable energy in Portugal: legisla-
tion, incentives and suggestions, Department of Industrial Electronics, University
of Minho, Portugal, http://www.icrepq.com/pdfs/MOREIRA406.pdf [31-10-
2016]

Polish Energy Law from 10 April 1997
Polish Energy Policy until 2030 (2009), Polish Ministry of Economy, Warsaw

Polish Ministry of Economic Affairs (2009), Polish Energy Policy till 2030 [Polityka
energetyczna Polski do 2030 roku], Warsaw

Polish Ministry of Economic Affairs (2010), National Plan of Action with regard to
energy from renewable energy sources [Krajowy plan dziatania w zakresie energii
ze zrédet odnawialnych], Warsaw

Polish RES Law from 20 February 2015

Poputoaia D., Fripp M. (2008), European Experience with Tradable Green Certificates
and Feed-in Tariffs for Renewable Electricity Support, Environmental Change
Institute, University of Oxford, UK

Ragwitz M. (2013), EU Renewable energy support schemes - Status quo and need for
reform, Workshop in preparation of Commission review of EU Guidelines on
State Aid for Environmental Protection, 12.04.2013, Brussels

Ragwitz M. (2005), Monitoring and evaluation of policy instruments to support renew-
able electricity in EU Member States, Fraunhofer Institute Systems and Innovation
Research, Germany

Ragwitz M. et al. (2005), FORRES 2020: Analysis of the renewable energy sources’ evo-
lution up to 2020, Karlsruhe, Germany

Rodrigues S. et al. (2016), Economic feasibility analysis of small-scale PV systems in
different countries, “Solar Energy” Vol. 131, p.81-95,D01: 10.1016/j.solener.2016.
02.019

Rodrigues S. et al. (2016), Economic feasibility analysis of small scale PV systems in
different countries, “Solar Energy” Vol. 131, p.81-95,D01: 10.1016/j.solener.2016.
02.019


http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/42/supp/C
http://www.sciencedirect.com/science/journal/03014215
http://www.sciencedirect.com/science/journal/03014215
http://www.sciencedirect.com/science/journal/03014215/69/supp/C
http://www.icrepq.com/pdfs/MOREIRA406.pdf
http://www.sciencedirect.com/science/journal/0038092X
http://www.sciencedirect.com/science/journal/0038092X/131/supp/C

EKONOMIA | SRODOWISKO 4 (71) « 2019 Environmental policy and management

55

Sanchez-Lozano J.M., Garcia-Cascales M.S., Lamata M.T. (2016), Comparative TOPSIS-
ELECTRE TRI methods for optimal sites for photovoltaic solar farms. Case study in
Spain, “Journal of Cleaner Production” Vol. 127, p. 387-398, DOI: 10.1016/j.
jclepro.2016.04.005

Trela M., Dubel A. (2014), Efektywnos¢ ekonomiczna elektrowni fotowoltaicznych oraz
unikniete koszty zewnetrzne w wyniku ich funkcjonowania, in: M. Czyz, ]. Dyduch
(eds.), Srodowiskowe i finansowe uwarunkowania funkcjonowania podmiotéw
gospodarczych, Wydawnictwa AGH, Krakow

Verde S.F, Grazia Pazienza M. (2016), Energy and climate hand-in-hand: Financing

RES-E support with carbon revenues, “Energy Policy” Vol. 88, p. 234-244, DOI:
10.1016/j.enpol.2015.10.013


http://www.sciencedirect.com/science/journal/03014215
http://www.sciencedirect.com/science/journal/03014215/88/supp/C

