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ABSTRACT: In less than a decade, the photovoltaic sector has transformed into a global business. The dy-
namics of its development vary depending on the country. According to estimates, the value of the
photovoltaic micro-installations market in Poland at the end of 2019 exceeded PLN 2.8 billion. In
the first half of 2020, the PV sector recorded dynamic growth with a total capacity of the micro-in-
stallations of 2.5 GWp. Government subsidies were among the factors contributing to the expansion
of the PV sector. In Poland, there are many financial ways to intensify the construction of new
renewable energy source installations, among others: feed-in tariff, grants, and loans. An example
of photovoltaic grant support in Poland is the “Moj Prad” [My Electricity] program created in 2019
with a budget of PLN 1.1 billion. The interest in the “My Electricity” program in individual provin-
ces may vary, depending on socio-economic factors, technological and environmental resources,
and the level of innovation. The research motivation of this article is a comparison of provinces in
Poland according to selected energy, environmental, innovation, and socio-economic indicators and
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to show how these factors affect individual interest in the “My Electricity” photovoltaic develop-
ment program in provinces.

The highest correlation is for the total installation power under the “My Electricity” program and
Gross Domestic Product and Human Developed Index. The highest correlation coefficient from
RIS indicators and photovoltaic data programs was achieved for “R&D expenditure in the business
sector”. The population was closely correlated with the total installation power and the grant value
of the “My Electricity” program.

KEYwoRDS: renewable energy, photovoltaics, correlation analysis, “My Electricity” program, RIS indicators

Introduction

The continuous increase in energy demand and the prospect of the exhaustion of fossil fuel re-
serves significantly increase the trend of searching for new, ecological energy technologies. The
interest in renewable energy sources is also related to caring for the environment and searching
for long-term potential actions for sustainable development (Lin and Ren 2020; Ostergaard et al.
2020; Canales et al. 2020). One of the important renewable energy technologies is photovoltaics
(Allied Market Research 2019; Olczak et al. 2020a). The pace and nature of its expansion around
the world vary, including across the EU. Government subsidies and continuous innovation were
among the factors contributing to its growth. Various studies were conducted on the analysis of
the dependence of selected factors and renewable energy sources. The studies especially worth
mentioning are the analyses of the relationship between renewable energy and human develop-
ment (Kazar and Kazar 2014; Sasmaz et al. 2020); the consumption of renewable energy, eco-
nomic growth, and human development (Wang et al. 2018); renewable energy consumption, so-
cial and economic indicators such as GDP (Ergun et al. 2019). The motivation for the article is to
present the relationship between selected indicators of innovation, socio-economic development,
program data, and interest in the selected photovoltaic subsidy program in Poland.

According to the strategy of the European Green Deal (Communication EC 2019; Jasinski et
al. 2021), the goal of achieving net-zero greenhouse gas emissions in the EU by 2050 has been
set. Climate neutrality can be reached through several actions, including actively increasing
the share of RES installations in the energy mixes of individual countries. In the National Plan
for Energy and Climate for 2021-2030 (NECP PL 2019), Poland declared the achievement of
a 21-23% share of renewable energy in the final gross energy consumption, while by the end
of 2020, the share of renewable energy production should amount to 15% as the Polish RES
target established in the Renewable Energy Directive (Directive EC 2009).

Poland, despite the successively increasing share of energy from renewable sources, still
ranks behind in terms of the RES share in gross final energy consumption compared to other
European countries (Fig. 1; Eurostat 2019). This indicator value for Poland in 2019 was 12.2%
and increased by 0.7% compared to 2018 (Fig. 2). An upward trend in the indicator has been
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observed since 2017, but these values are much lower than the average of the EU Member States
(19.73% in 2019).
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Fig. 1. Share of renewable energy in gross final energy consumption in Poland and EU countries in 2019
Source: own study based on (Eurostat 2019)

Rys.1. Udziat energii odnawialnej w koncowym zuzyciu energii brutto w Polsce i krajach UE w 2019 r.

The necessity to fulfill the obligations resulted in the introduction of a system of legal chan-
ges (amendment to the RES Acts, Act RES 2020) and financial incentives (subsidies such as
“Moj Prad” [My Electricity], Czyste Powietrze [Clean Air], Energia Plus [Energy Plus], Prosu-
ment [Prosumer or Agroenergia [Agroenergy]) by the Polish government, which were to convin-
ce public to use renewable energy, including photovoltaics (Wrdbel et al. 2019). A key element
of the energy transformation in the country, in accordance with the Poland Energy Policy until
2040 (PEP 2020), is the estimated increase in photovoltaic capacity, i.e. approx. 5—7 GW in 2030
and approx. 10-16 GW in 2040.

According to the data of Polskie Sieci Energetyczne (Polish Energy Networks), taking all
photovoltaic installations operating in the national energy system into account, the installation
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Fig. 2. Share of renewable energy in gross final energy consumption in Poland and EU countries between 2004-2019
Source: own study based on (Eurostat 2019)

Rys. 2. Udziat energii odnawialnej w koncowym zuzyciu energii brutto w Polsce i panstwach UE w latach 2004-2019

capacity in 2019 was 1299.6 MWp, including approx. 275.7 MWp in small and large systems
and 1040.9 MWp in micro-installations (SBF Polska PV 2020a). In 2019, the number of new
photovoltaic micro-installations amounted to 105,953 which is almost a four-fold increase com-
pared to 2018 (a total of 55,224 and 162,055 PV micro-installations in 2018 and 2019 respec-
tively). According to estimates, the value of the photovoltaic micro-installations market at the
end of 2019 exceeded PLN 2.8 bn (the value of installations above 50 kWp is less than PLN
800 million). In the first half of 2020, the PV sector recorded dynamic growth (SBF Polska
PV 2020b) despite the restrictions related to the COVID-19 pandemic. The capacity of new
PV micro-installations was almost 13% higher than the capacity of connected micro-installations
in all of 2019 and increased by 774.1 MWp (112,420 new installations). The total power of PV
installations at the end of November 2020 was over 3.7 GWp (ARE 2021).

The “My Electricity” program is a significant stimulus for the development of prosumer
energy (NFOSiGW 2020), which is reflected in the increase in the power of micro-installations
in recent years. The program, carried out so far in two editions in 2019 and 2020, guaranteed
direct subsidies to photovoltaic micro-installations for households, while the allocation amount
for co-financing was PLN 1.1 billion. The total amount of subsidies granted to photovoltaic mi-
cro-installations with an installed electrical capacity of 2 kWp to 10 kWp in the first edition was
PLN 141 million for 28,437 applications, and in the second edition — PLN 382 million for 76,464
applications considered (lists published on 4/12/2020). The total installation capacity in the 2019
edition was 159.3 MWp and in the 2020 edition until 4/12/2020 — 436.6 MWp.

Interest in the “My Electricity” program in individual provinces may vary, depending on
socio-economic factors, technological and environmental resources, and the level of innovation.
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The research aims to compare provinces in Poland according to selected energy, environmental,
innovation, and socio-economic indicators and to show how these factors affect individual inte-
rest in the “My Electricity” photovoltaic development program in provinces.

Previous research involving this type of analysis concerns data from the first edition (Ol-
czak et al. 2020b) or partial data from the second edition of the “My Electricity” program
(Olczak et al. 2021). The presented studies contain an analysis of data derived from the ranking
lists of the first and second editions of the program (available on 4/12/2020) and are a continu-
ation of previous research using the latest data. Moreover, the influence of the subsidy depen-
dence on the province’s Gross Domestic Product (GDP), Human Development Index (HDI), and
Regional Innovation Scoreboard (RIS) indicators was demonstrated.

1. Data and methods

1.1. Collecting data

To understand the extent to which funding has an impact on the development of photovol-
taics, various indicators were estimated for the amount of installed capacity under the program.

Selected innovation and energy indicators (on the scale of households) were chosen to com-
pare provinces in Poland (Fig. 3). The presented studies showed how these indicators affect
individual interest in the “My Electricity” photovoltaic development program. Moreover, the
influence of the subsidy dependence on the province’s GDP and HDI was demonstrated.

The correlation analysis for selected parameters has been used: program data (number of in-
stallations, installation power, grant value), demographic and social data (number of inhabitants,
number of households), environmental data (insolation), energy data (total energy produced,
energy from RES), socio-economic and innovation data (Gross Domestic Product — GDP, Hu-
man Development Index — HDI, and indicators from Regional Innovation Scoreboard 2017 —
RIS 2017).

The indicators related to the innovativeness of individual provinces (human resources, fi-
nancial resources, employment, or sales impact) were obtained using the cyclical Regional In-
novation Scoreboard report, which is an extension of the European Innovation Scoreboard. RIS
includes a comparative evaluation assessment of the performance of innovation systems in 220
regions of the EU’s 22 member states, Norway, Serbia, and Switzerland. Providing valuable ad-
ditional information in terms of the comparability of Poland’s provinces was possible based on
18 indicators (Table 1). RIS 2017 was used in the analyses due to the prospect of justifying the
differentiation in the development of photovoltaics in subsequent years in the regional division.
The publication uses data normalized on a scale of 0-1. The RIS 2017 report uses the admini-
strative division of Poland into 16 provinces, while the next report from 2019 uses the current
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Fig. 3. Provinces of Poland along with the symbols used in the article
Source: own study based on (GUGIK 2020)

Rys. 3. Wojewodztwa Polski wraz z symbolika stosowana w artykule

NUTS 2 division of the Mazowieckie province into two independent regions, i.e. “Mazowiecki
regionalny” and “Warszawski stoteczny”, which prevents reliably comparison of indicators and
justifies the use of the older report.

Also, the human development index — HDI was also used, describing changes in the socio-
-economic development of individual provinces (data for 2018, Table 1).

The analysis also included data from Statistics Poland for each province:
4 population in 2019 [mln] (Fig. 4),
4 GDP — Gross Domestic Product in 2018 [PLN billion] (Fig. 4),
4 RES — electricity production from Renewable Energy Source [TWh/year] (Fig. 5),
4 EC - electricity production [TWh/year] (Fig. 5),
4 number of households.

Data on the results of recruitment under the “My Electricity” program were also used
(NFOSIGW 2020):
4 grants [PLN mln] (Fig. 4),
4 NI —number of installation (Fig. 6),
4 PI—power installed under the program in the province [Wp].
4 API — average power installed under the program [Wp].

In addition, NASA MERRA and CM-SAF’s SARAH dataset for insolation — Fig. 5 (Rene-
wables 2019) was used.
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Fig. 4. Data on the population, Gross Domestic Product, and grants “My Electricity”” program for each province
Source: own study based on (CSO 2019; NFOSiGW 2020)

Rys. 4. Dane o liczbie ludnosci, produkcie krajowym brutto oraz wartosci dotacji w ramach programu ,,M6j Prad” dla
kazdego wojewddztwa
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Fig. 5. Data on insolation, electricity production (EC), and electricity production in renewable energy installations
(RES) for each province
Source: own study based on (Renewables 2019; CSO 2019)

Rys. 5. Dane o nastonecznieniu, produkcji energii elektrycznej (EC), produkeji energii elektrycznej w instalacjach
energii odnawialnej (RES) dla kazdego wojewodztwa
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1.2. Methods

The analysis proceeded in two stages. First, the aggregated indicators for individual provin-
ces were calculated, and then the correlation analysis was performed.
Initially, the power index per capita — Eq. 1 and household — Eq. 2 were calculated.

) PI (voiv.) )
PPI (vozv.): [Wp/inhab.] 1)
population (voiv.)
where:
PPl — installation power indicator per inhabitant [Wp/inhab.],
PI - power installed under the program in the province [Wp].

Population — please see Figure 4.

) PI (voiv.)
PPH (voiv.)= — [Wp/household] )
number of households ( vozv.)
where:
PPH - installation power indicator per household [Wp/ household],
Pl — power installed under the program in the province [Wp].

Then the per capita grants rate — Eq. 3 and the rate of grants for Gross Domestic Product
(Grants as a share of GPD, GsGDP) — Eq. 4 were calculated.

Grants (voiv.)

GPI (voiv.)= - ~— [PLN/ inhab.] 3)
population (vozv.)
where:
GPI — grants per inhabitant [PLN/ inhab.],
Grants — sum of grants in “My Electricity” program, please see Figure 4.
) Grants (voiv.)
GsGDP(vozv.)z — [%] 4
GDP (voiv.)
where:
GsGDP — Grants as a share of GPD,
Grants  — the sum of grants in “My Electricity” program, please see Figure 4.
GDP — Gross Domestic Product, please see Figure 4.

The approximate value of the share of electricity produced in the installations created under
the program was also calculated to the total value of electricity produced from RES in the pro-
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vince (PE_RES) — Eq.5; the calculations were made analogically for all energy produced in the
province (PE_E)— Eq. 6.

PI (voiv.) * Insolation (voiv.)

PE _RES = 5
- RES (voiv.) )
where:
RES — electricity production from Renewable Energy Source (Fig. 5).
PI (voiv.) * Insolation (voiv.)
PE_E-= (6)
EC (voiv.)
where:
EC - electricity production (Fig. 5).

The results of the first part of the calculations in terms of PPI, PPH, PE RES, PE E, GPI,
and GsGDP indicators are presented in Figures 6-—8. The highest PP/ and PPH (Fig. 6) was
achieved in the Matopolskie province, i.e. 20.6 Wp/inhabitant and 59.6 Wp/household, respecti-
vely, and the lowest in Podlaskie province (9.9 Wp/inhabitant and 26.0 Wp/household).

NI

10060

5000

PPH, Wp/household
PPI, Wp/inhabitant

Fig. 6. Parameter values: PPH and PPI in provinces with the number of PV installations under the “My Electricity”
(NI) program
Source: own study based on (CSO 2019; NFOSiGW 2020)

Rys. 6. Wartosci parametrow: PPH i PPI w wojewodztwach na tle liczby instalacji PV powstatych w ramach programu
,M6j Prad” (NT)

The share of energy generated from the PV program in the total value of electricity produced
from RES has the highest estimated value for the Matopolskie province (17.1%, Fig. 7). The esti-
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mated energy to be produced from photovoltaic installations under the “My Electricity” program
to the provincial electricity production was the highest in the Podkarpackie province (1.48%).
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Fig. 7. Parameter values: PE_RES and PE_E in provinces
Source: own study based on (CSO 2019; NFOSiGW 2020)

Rys. 7. Wartosci parametrow: PE_RES i PE_E w wojewodztwach

The highest value of subsidy paid under the “My Electricity” program was accounted for in
the Podkarpackie province as 0.05% of the total province’s GDP (Fig. 8).

In the second part of the calculations, the correlation (Spearman) between the input data and
the data calculated based on the results of the “My Electricity” program was analyzed — Eq. 7.

LS MR - RO (R, - RO
fy == ™)

T o707 oon 70]

where:
X — parameter (data from Table 1 and GDP, population, EC, RES),
y — parameters calculated based on the results of the “My Electricity” program

(4API, PI, GsGDP, PPI, PPH, Grants, NI, GPI),
R(x) and R(y) — ranks of the x and y variables,
R(x) and R(y) — mean ranks,
n — number of observations (16).
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Fig. 8. Parameter values: GPI and GsGDP in provinces
Source: own study based on (CSO 2019; NFOSiGW 2020)

Rys. 8. Warto$ci parametrow: GPI i GsGDP w wojewoddztwach

2. Results and discussion

The results of correlation analysis in accordance with the described methodology are presen-
ted in Table 2.

The population was closely correlated with the total installation power (P/) in individual
provinces (with a correlation coefficient — 0.91, Fig. 9) and the grant total value (0.90, Fig. 10).
The population size has a theoretical positive impact on the installation power and subsidies
values — the higher the population the greater the number of potential applicants for participation
in the program. The presented values are mostly linear, except for the distinctive Mazowieckie
Province. This is probably dependent on the fact that part of the province’s population is con-
centrated in the capital of Poland (1.79 million to 5.42 million, CSO 2019) and what is related to
the specificity of its buildings (urban predominance, a smaller number of individual households).

A significant relationship is also visible in the correlation of total installation power with
Gross Domestic Product — Fig. 11 (0.91) and Human Developed Index — Fig. 12 (0.80). The
main driving forces behind the increase in energy demand are the aforementioned population
(its growth) and economic growth expressed by the Gross Domestic Product. In the case of the
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Fig. 9. Total installation power (PI) of photovoltaic panels as a function of the population in provinces
Source: own study based on (CSO 2019; NFOSiGW 2020)

Rys. 9. Catkowita moc zainstalowana paneli fotowoltaicznych w zaleznosci od liczby ludnosci w wojewodztwie
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Fig. 10. Grant total value as a function of the population in provinces
Source: own study based on (CSO 2019; NFOSIGW 2020)

Rys. 10. Catkowita warto$¢ dotacji w zaleznos$ci od liczby ludno$ci w wojewddztwie

Mazowieckie province, the previously mentioned specificity of this area causes a deviation from
the linear trend. Renewable energy has a significant impact on human development. Countries
invest in renewable energy, which increases the quality of the environment, and provides a kind
of economic stability (no need to import fossil fuels, reduced dependence on exporters, no com-
petition for exhaustive resources), which may have positive economic effects. For this reason,
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Fig. 11. Total installation power (PI) of photovoltaic panels as a function of Gross Domestic Product in provinces

Source: own study based on (CSO 2019; NFOSiGW 2020)

Rys. 11. Catkowita moc zainstalowana paneli fotowoltaicznych w zalezno$ci od produktu krajowego brutto

w wojewodztwie

90
= V12
'g_ 80
s 70 < V6
t * V15 V7 -
o 60
3
50
2 - vi
g a0 V9 Ve
3 30 |- e vi1
(%]
c vi3 * V3
£ 20 « V137
5 V14 . yg o~ V8
° 10 vie — V10
0
0.82 0.83 0.84 0.85 0.86 0.87 0.88 0.89 09 0.91 0.92
HDI 2018

Fig. 12. Total installation power (PI) of photovoltaic as a function of HDI in provinces
Source: own study based on (Global Data Lab 2020; NFOSiGW 2020)

Rys. 12. Catkowita moc zainstalowana paneli fotowoltaicznych w zaleznosci od warto$ci wskaznika HDI 2018

components of the Human Development Index (HDI) such as health (life expectancy), educa-
tion, and income may increase (this can be observed with a delay in time).

The highest correlation among all 18 analyzed innovation indicators from the Regional Inno-
vation Scoreboard 2017 concerns the R&D value of expenditure by the business sector with the
grant total value — Fig. 13 (0.83).
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Fig. 13. Grant total value of photovoltaics as a function of “R&D expenditure business sector” RIS factor in provinces
Source: own study based on (NFOSiGW 2020; RIS 2017)

Rys. 13. Catkowita wielko$¢ dotacji w zaleznos$ci od wydatkéw w sektorze biznesowym na badania i rozwaj

Conclusions

Actions to increase the production of photovoltaic energy are key to achieving the national
targets and the EU target for the share of energy from renewable sources. The photovoltaic grant
support “My Electricity” was Poland’s flagship program in the field of renewable energy under
the Green Deal. The existing funds showed that the “My Electricity” program may increase the
share of renewable energy in the energy consumed by approx. 0.3 percentage points and the en-
tire program (for which PLN 1.1 billion was allocated) is estimated that will yield 0.6 percentage
points.

Public involvement in participation in subsidy programs may depend on a variety of eco-
nomic, environmental, technological, and innovative factors that were analyzed in the study.
The highest correlation is visible in the following indicators: total installation power and popu-
lation (0.91), total grants value and population (0.90); total installation power and GDP (0.78);
grants value and GDP (0.77); total installation power and HDI (0.75). From the RIS indicators,
the highest correlation coefficient with the photovoltaic development indicators was achieved
for “R&D expenditure in the business sector” (0.62). Renewable energy not only benefits the
environment but also improves the means of social development.

In connection with the above-mentioned results, it is estimated that the increase in the value
of indicators such as HDI, “R&D expenditure in the business sector” or GDP will positively
affect the popularity of investments in RES in provinces. Such a significant increase during the
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duration of one subsidy program (e.g. 2 years) is obviously not possible, but the demonstrated re-
lationships can be used in determining the long-term policy of a state or region. Moreover, when
designing this type of subsidy program (such as My Electricity) in the future, additional criteria
should be considered to balance the popularity of PV micro-installations between provinces.

This research was realized within statutory activities of the Mineral and Energy Economy Research Institute of the

Polish Academy of Sciences.
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Justyna CADER, Piotr OLczAK, Renata KONECZNA

Regionalne zaleznoSci w zakresie zainteresowania programem
dotacji fotowoltaiki ,M6j Prad” w Polsce

Streszczenie

W ciagu niecatej dekady sektor fotowoltaiczny przeksztalcit si¢ w globalny biznes. Dynamika jego
rozwoju jest zréznicowana w zaleznosci od panstwa. Wedlug szacunkéw warto$¢ rynku mikroinstalacji
fotowoltaicznych w Polsce na koniec 2019 roku przekroczyta 2,8 mld zt.

W I pétroczu 2020 roku dynamicznie rozwijat si¢ sektor PV, dla ktorego taczna moc mikroinstalacji wy-
niosta 2,5 GWp. Dotacje rzadowe byly jednym z czynnikdéw przyczyniajacych si¢ do ekspansji sektora PV.

W Polsce istnieje wiele mozliwosci finansowych zintensyfikowania budowy nowych instalacji odna-
wialnych zrédet energii, m.in.: system taryf, dotacje, pozyczki. Przyktadem wsparcia w postaci dotacji dla
rozwoju fotowoltaiki w Polsce jest stworzony w 2019 roku program ,,M6j Prad” z budzetem 1,1 mld zt.

Zainteresowanie programem ,,M6j Prad” w poszczegdlnych wojewodztwach moze byé zréznicowa-
ne w zaleznosci od czynnikéw spoteczno-ekonomicznych, zasobéw technologicznych i §rodowiskowych
oraz poziomu innowacyjnosci. Motywacja dla powstania artykutu byto poréwnanie wojewddztw w Polsce
wedlug wybranych wskaznikoéw energetycznych, spoteczno-ekonomicznych, srodowiskowych i innowa-
cyjno$ci oraz analiza wptywu tych czynnikéw na zainteresowanie programem rozwoju fotowoltaiki ,,M06j
Prad” w wojewodztwach.

Wystepuje wysoka korelacja dla catkowitej mocy instalacji w ramach programu ,,M¢j Prad” oraz pro-
duktu krajowego brutto (PKB) i wskaznika rozwoju spotecznego (HDI). Najwyzszy wspotczynnik kore-
lacji sposrod wskaznikow RIS i danych programowych dotacji uzyskano dla ,,naktadéw na dziatalnosé
badawczo-rozwojowa w sektorze przedsigbiorstw”. Liczba ludnosci byta $cisle skorelowana z tagczng moca
instalacji oraz warto$cia dotacji w ramach programu ,,M¢j Prad”.

Srowa KLUCZOWE: fotowoltaika, energia odnawialna, program ,,M6j Prad”, analiza korelacyjna, wskazniki
RIS
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