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HIGHLIGHTS
¢ Realistic estimates of alternative energy sources at municipal levels
e Use of business analytics tools to present and predict source potentials

o Distributed generation viability

Abstract: The State of Parana stands out in Brazil for its hydraulic potential for electricity generation.
Furthermore, the State also shows potential for the use of other sources of energy, such as solar energy,
biogas and biomass. The study traces the profile of electric energy consumption and compiles analysis of
the alternative energy potentials of Paran& on the use of solar energy, the biomass of forest residues and
agricultural crops, the generation of biogas through the residues of farmed animals and the urban solids
residues. The work took account for the estimates, the logistical limitations for the biomass or biogas
collection and the real availability of the wastes in terms of viability of exploration through distributed
generation plants. The use of the business analytics software Tableau Desktop 2020.3.2® made possible
the open data analysis at the municipal level. The paper provides realistic estimates about the feasibility of
the use of alternative energy sources in the State of Parana.

Keywords: Renewable Energy Sources; Potential of Energy Generation Estimate; Open Data Analysis;
Distributed Energy Generation; State of Parana.

INTRODUCTION

Hydropower is the main source of renewable energy in Brazil. The country began to use water from the
rivers to generate electric power in 1883, when the hydroelectric plant of Ribeirdo do Inferno, in Diamantina,
Minas Gerais began operating [1]. The first hydroelectric plant of Parana, Serra da Prata Power Plant, near
Paranagud, inaugurated in 1910 with a power of 400 kVA supplied electricity to the town until the beginning
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of the ‘70s. The unit has been discontinued after such period [2]. After just over 100 years, the installed
generation capacity of the State is over 16,000 MW [3].

Itaipu, the largest hydroelectric power plant in Brazil is in the State of Parand. According to Itaipu
Binacional [4], the Itaipu hydroelectric power plant has 14,000 MW of installed capacity and provides around
11.3 % of the energy consumed in Brazil and 88.1 % of the energy consumed in Paraguay. Such a highlight
for hydroelectric power is due mainly to the vast hydro potential existing in the State and the competitiveness
of that source. However, the diversity of the energy matrix is essential to ensure greater flexibility in meeting
future demands and greater robustness and security of the electric supply system.

So, Parana State still shows great potential for using other energy sources such as solar energy and
biomass energy (bioenergy), which focus on the use of agricultural and forestry wastes, considering the size
of agricultural and forestry activities of Parana. This paper presents a brief analysis of the solar exploration
potential, but focus on the estimates of the agricultural and forestry biofuels potentials due to the cited
economic activities of the State. We target to mobilize the State and society abilities, aiming to develop new
skills for the energy, economic, environmental and social sectors in Parana.

Because of this privileged condition, the Center of Technological Information of Tecpar elaborated the
production of renewable energy estimates in the State, based on a preliminary Tecpar study on the subject,
as requested by the State Government through the Smart Energy Program in 2018. However, data here
discussed refer to 2019 consolidated figures.

METHODOLOGY

This study is based on an analysis of the open data on profiles of electricity consumption and energy
potential of biomass and biogas in the State of Parana. Data explored and analyzed are related to the
consumed electricity in the economic sectors of Parana, the paddy rice and cassava productions, the wood
extraction for industry, the numbers for the livestock of chicken, swine and milking cows and finally the
estimated and census population for each municipality of Parana. The primary source for all these data is the
Brazilian Institute of Geography and Statistics (IBGE) [5]. However, the Parana Institute for Economic
Development (IPARDES) [6] website was the main online data portal used to access the open data from
IBGE.

The work compiles all the data in annual basis up to the year of 2019. We extracted, treated, loaded and
analyzed the data and built the graphics, maps and statistical predictions using Tableau Desktop 2020.3.2®
business analytics (BA) tool. We calculated the conversions of wastes production into potential of energy
generation through embedded calculated fields in the software. An exponential smoothing method embedded
in the BA tool generated the predictions, based on historical data series. This method finds a regular pattern
or a seasonality in the measures and attempts to extrapolate such behavior into the future. The forecasts
shown here do not disregard any period of the data series and consider a 95 % confidence level.

The work estimates the capability of exploration of the potentials for each energy source in terms of
viability of hypothetical distributed generation plants. According to the Brazilian Electricity Regulatory Agency
(ANEEL) Normative Resolution No.482 of April 17, 2012, a distributed microgeneration plant of renewable
energy sources is defined as the generating plant with an installed power capacity of less than 75 kW, while
a mini generation plant has an installed power capacity of more than 75 kW and less than or equal to 5 MW.
Above that it is called distributed generation (DG) [7]. Based on this definition, it was estimated that the range
of energy values generated annually by a mini generation plant would range from 0.657 to 43,800 GWh/year
and it was considered that values above this maximum would fall into a category of DG. The method
considers a municipality practical for mini or distributed generation when the estimated energy potential for
each source, within the territory of this municipality, fits in the bands of the classification criteria defined by
ANEEL.

Generation from solar energy

Data obtained from Pereira and coauthors (2017) [8] present the average daily solar energy incidence
per area (Wh/m2.day) for each month of the year of 2017 in each latitude and longitude coordinates. Thus,
to estimate the average annual accumulated incidence, the average daily value of the year was multiplied by
365 and divided by 1,000 to get the absolute value of solar energy applied in the year for each geographical
point, in KWh/mz2,
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As for the estimations of the potential of solar energy generation in Parand, we considered the average
efficiency of photovoltaic solar panels available in the market as 16 % and arbitrated the performance rate of
the system as 80 %.

To simplify the estimates of generation potential through solar energy, we divided the territory of Parana
into three bands of average annual solar incidence: in the coastal municipalities (east of the RMC
mesoregion), the value of 1,625 kWh/m? was adopted; for the municipalities in the southeast mesoregion,
east of the central eastern mesoregion and west of the RMC, 1,725 kWh/m? was adopted,; for the rest of the
municipalities in Parand, 1,825 kWh/m2 was adopted. The left map of Figure 1 shows the territory of Paran&
divided in 3 distinct bands of intensity of solar incidence, represented by the yellow, orange and red colors,
clearly separating them.

In order to generate the analysis on the demanded solar capture area per unity of energy consumption,
we extracted the data of residential consumption unities from IPARDES [6]. However, the primary source is
the Energy Company of Parani (COPEL), whose database cannot be directly accessed.

Generation from burning biomass of rice hulls

According to Souza and coauthors [9], each ton of rice produced results 1,315 kg of straw, with a low
heating value of 16.0 MJ/kg [10,11]. The adopted efficiency of burning the straw in a boiler was 50 % [12].

Generation from burning biogas of cassava starch wastewater

The yield of starch production from cassava is 25 % [13]. The cassava starch conversion factor into
manipueira is 0.33 m3/t [14] and the factor of conversion of biogas into electricity is 1.43 kWh/m3 [15].

Generation from burning biomass of forestry wastes

The data on the amount of wood (m3) for paper and cellulose production and for other purposes (furniture
industry) in the cultivated areas destined for the commercial or industrial sectors came from IPARDES online
portal, as collected by IBGE.

In this work we considered a percentage of 15 % of wastes as a result of benefiting trees for the paper
and cellulose processing (branches and barks) [16,17]. The average proportion of waste produced at
sawmills is around 26 %. Approximately 45 % of the waste produced goes to aviary bedding, so only 55 %
of these would be available for burning in boilers [18].

The efficiency of burning the residues in biomass boilers adopted was 50 % [12]. An estimate of the
average heating value of the wastes was 0.01328 GWh/m3, determined through the values available in
ADETEC (2018) [19].

Generation from burning biogas of animal breeding wastes and municipal solid wastes

Data on the amount of wastes produced per animal unit of different breeds were then extracted from
IPARDES online portal, as collected by IBGE. Table 2 shows the estimated conversion factors for biogas
(m?3) generated daily. The work based the estimates on the limits compiled and presented in the 2016
publication of FIEP and SENAI/PR, before mentioned.

Table 1. Parameters of conversion of animal units to biogas volume (m?3) generated per day.

Chickens Swine Milk cows Source
Amount of wastes per animal unit per day 0.150 2350 12.500 [20]
[kg/(animal unit/day)] ' ' '
Conversion factor of biogas to waste 0.050 0.079 0.038 [21]

[m3kg]

For the study on the potential of the MW, the average conversion factor of 0.749 kg of MW per inhabitant
per day [22], multiplied by the conversion factor of MW in biogas equals 100 m3/t [23]. The conversion factor
of biogas in electric energy (kWh/m3) is equal to 1.43 [15]. We arbitrated the efficiency value of the natural
gas boiler for the estimated calculations of energy generation as 80 %.
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RESULTS AND DISCUSSION

Solar generation

In general, Brazil has high levels of solar incidence throughout its territory. In the case of Parana, even
the regions of lower solar incidence (eastern and coastal regions) present a significant generation potential
as shown in Figure 1.

It is worth noting that Germany and the United Kingdom, despite having considerably lower levels of
solar incidence than those registered in Parana, invest heavily in such alternative energy and consider it
practical in their regions [24,25].

Average Irradience (kWh/m?/year) 1,500

—1 300 Globa! hoazontal irradiation Europe

(=

Asarage arruial sem (2004 - 32010 3 L L

Figure 1. Comparison between the solar incidence in the territory of Paran and in European territory [26].

Dividing the area covered by photovoltaic panels necessary for the electricity supply of a certain
municipality in 2019 by the number of residential unities of energy consumption, we could estimate that the
relative area needed per unity is lower than 10 m2 (including the capital Curitiba with 9.4 m2) in most of the

municipalities of Parana. The municipalities with the greatest needs of area per inhabitant are Entre Rios do
Oeste (12.5 m?), Mercedes (12.0 m2) and Foz do Iguacu (11.8 m?2). Figure 2 shows the complete map.

Solar capture area (m?) per residencial unity of energy consumption

10.0

Figure 2. Required solar capture area (m?2) per residential unity of energy consumption for the supply of public electric
power for each municipality of Parana [5,6].
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Generation from biomass from agriculture wastes

There is a critical issue about the use of agricultural wastes to generate energy in Brazil. Soil covering
with the straws of several crops is essential to keep up both nutrients and the ecosystem, as well as the
substrate permeability by reducing soil temperature variations and erosion losses. Other benefits are
retaining more water and promoting larger crop yields, in addition to reducing water evaporation and runoff,
which raises infiltration rates. Thus, the straw cover is essential for the sustainable management of the
agricultural soil throughout the harvests [27].

This explains why just a few producers in Parana have now managed to meet the recommended
minimum levels of soil covering with crop wastes. Therefore, straw and branches of the largest crops of
Parana (sugarcane, corn, soybean, cassava, beans and wheat) cannot be considered sources of biomass
for burning [28].

Presently, the sugar-alcohol sector explore intensively the sugarcane bagasse for cogeneration of
energy through its burning. Thus, its potential is almost fully explored [29]. Corncob is another residue
produced in large volume but it is important as a supplement in animal food formulations. Therefore, it is not
available for burning [30,31].

In this analysis, the only crop biomass that showed some potential for burning was rice. As it is a flooded
area crop, there is no need to keep the straw in the soil, so it is available for power generation. While the total
State potential is 404 GWh/year, most of this potential is concentrated in a few municipalities, all from the
northwestern region of the State. This region could explore a potential around 389 GWh/year through mini
generation whilst 273 GWhlyear is viable through distributed generation. Among these municipalities, five
individually have potential for their own DG plants based on the burning of rice husk biomass. However, to
reduce the total investment in infrastructure, it would probably be possible to install just one plant that gathers
all the biomass generated, since the logistical costs would be relatively small due to the region concentrating
more than 85 % of the State's potential in a circular area of radius less than 50 km away.

Figure 3 shows that there is a great increase in energy potential, proportional to the size of rice crops in
the few municipalities of the northwestern region, from 2000 to 2011. The State total potential shows a slight
downward trend while the DG potential exhibits a stabilization, despite very much decline in 2016 with a
recovery in 2017. This comparison shows a significant and gradual concentration of the potential, initially
more dispersed in the State, in the few municipalities. Calculation of the statistical forecasts used historic
data from 1980.

Rice Biomass Potential of the State (GWh/year) Minigeneration and Distributed Generation
650
600
550
Minigeneration
500
450
400
350
300
250
200
150
100 Distributed
Generation
S0
Q0
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 3. Comparison of the historical potential (GWh/year) of the entire state (left) for the biomass from rice hulls with
the potential of the regions where mini generation (thin line on the right side) and distributed generation (thick line on
the right side) are practical [5,6].
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Generation from biogas from the biodigestion of cassava starch wastewater

We also appraised the hypothesis of using the energy produced with the biogas resulting from the
biodigestion of cassava starch wastewater. Cassava wastewater (manipueira in Portuguese) is the milky
liquid extracted by pressing the roots. It is poisonous due to the high content of hydrocyanic acid. Low values
were found for the energy potential of the manipueira, as it generates only 4.1 m3 of biogas per m? of this
liquid residue [32,33].

For comparative purposes, the accumulated potential of this generation route is 2 GWh/year, while that
of rice straw is 349 GWh/year. Therefore, the use of the manipueira for energy generation is infeasible in
large scales. However, microgeneration is the best solution for the cassava producer in specific cases,
considering a proper disposal of the liquid for animal feed or as a pesticide [34].

Generation from biomass from forestry wastes

Biomass wastes from paper and pulp processing (bark, twigs) and sawmills wood processing wastes
(sawdust, chips, etc.) were separately examined.

It could be observed that the great potential of energy generation using pulp and paper wastes is already
being used by Klabin S.A. industry, in the municipality of Telémaco Borba. The company consumes the large
area planted with pine and eucalyptus for energy cogeneration, which is directed to its industrial processes,
including the use of black liquor, not considered in this analysis. The installed capacity of the black liquor
plants is 3,883 GWh/year.

Also, there are already seven forestry biomass based plants operating in the State and their energy
generation capacity is equal to 620 GWh/year.

The Furniture Industry has a potential of 1,691 GWh/year and the Pulp and Paper Industry presents
629 GWhlyear, disregarding the areas of Klabin. These potentials are mainly concentrated in the
southeastern and central eastern regions of the State. Considering both sources and disregarding the
operating capacity of the existing plants, it is available to explore about 1,700 GWh/year by mini generation
initiatives. In theory, the practical potential for distributed generation is only 48 GWh/year, which is about the
minimal installation capacity of a DG plant. As this available potential is dispersed throughout large areas is
safe to assume new DG plants based on forestry wastes are probably unviable in Parana, at least in short
terms.

Figure 4 illustrates the history and prediction up to 2022 of the energy potentials (GWh/year) of forest
and wood wastes from furniture and pulp and paper industries in Parana. Proportionally to the planted forest
areas, the generating potential has a strong tendency to increase over time. The mini and distributed
generation chart (right of Figure 4) disregards Klabin areas and, mainly due to this factor, the available
potential of forest wastes from paper and pulp industry is considerably reduced, emphasizing the significant
participation of the company in the total potential of the State.

It is clear that most of the available distributed generation potential comes from forests intended to the
furniture industry. Another detail that can be highlighted in Figure 4 is that the potential values for DG have
always been much lower than those for mini generation, a fact that is explained by the existence of many
municipalities capable of enabling mini generation plants, however few of them with the potential for DG.
Statistical forecasts come from historical data from 1984 on.
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Figure 4. Comparison of the historical potential (GWh/year) of the entire state (left) for the biomass from forestry wastes
with the potential of the regions where mini generation (thin line on the right side) and distributed generation (thick line
on the right side) are viable [5,6].

However, before any major decision based on this information, the recommendation is to check the real
existence and availability of such excess wastes for burning. After all, there is a possibility that private boilers
are burning those wastes or that companies are trending them as wood pellets, without being perceived
through open data.

Generation from biogas produced from animal breeding wastes

We raised the production of wastes from three large Parand cattle farms (chickens, pigs and milking
cows) to find their potentials for generating energy using biogas. Biogas comes from biodigestion of the solid
wastes excreted by chickens and pigs and whey (serum phase) of milk produced by cows.

As seen, the potential of milked cow wastes is more geographically scattered and the logistical costs
would probably make any distributed generation plants unfeasible. Therefore, many municipalities could
explore this potential individually through mini and microgeneration initiatives. The total estimated energy
potential for the State is 269 GW/h and, if limited to the mini generation, it would be 197 GW/h.

The total generation potentials of chickens and pigs wastes are around 1,219 and 530 GWhlyear,
respectively. However, considering only the municipalities that have potential for mini generation, we have
an added potential of 1,172 GWh/year and 478 GWh/year for chickens and pigs, respectively, concentrated
in the West and North regions of the State. In the same regions, some municipalities showed potential for
distributed generation, totaling 53 GWh/year and 91 GWh/year for chickens and pigs, respectively. Taken
together, the biogas plants based on animal wastes already installed in Parand have an energy capacity of
around 3.4 GWhl/year, representing only 0.18 % of the potential identified for mini generation.

Figure 5 also shows a clear up trend for the energy potentials proportional to the number of animal units
in the State, for wastes of the three species. Growth is even more prominent for chickens and pigs, as the
statistical forecast shows probable increases in the order of 14 % and 10 %, respectively, in the size of the
farms, from 2019 to 2022. Few municipalities showed an individual capacity for the installation of a DG plant.
Data from the historical series of animal units of each species in Parana from 1980 was the base for the
statistical predictions.
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Figure 5. Comparison of the historical potential (GWh/year) of the entire State (left) for the biogas from chicken, pigs
and milking cows wastes with the potential of the regions where mini generation (thin line on the right side) and
distributed generation (thick line on the right side) are viable [5,6].

Schneider and coauthors (2011) report problems on the use of chicken wastes to generate biogas.
Different materials compose the poultry bedding, such as sawdust, wood shavings, sugarcane bagasse or
other materials available in the region. The authors affirm that biodigesters present difficulties on the
biodigestion of the mixes between these bedding materials and bird wastes [16]. For this reason, this analysis
considered the biodigestion of chicken waste isolated from the bedding materials. At the same time, its use
as hiomass can also bring obstacles due to the high humidity of the residues (this work does not evaluate
such alternative). This operational limitation needs urgent technical solutions as it can discourage poultry
farmers from reusing the wastes. Despite these obstacles, a biogas plant based on chicken wastes is
successfully operating in the municipality of Matelandia.

Thus, it is worth remembering that the correct destination of these wastes is important and would not
only have an impact on the energy matrix of Parana, but also an extremely positive environmental impact.

It is proper to stress that the transportation and collection of these wastes to energy plants can present
challenges, asthe occurrence of these materials is over large areas. Therefore, incentives to microgeneration
and mini generation would be very coherent to make possible the use of this potential in a decentralized and
autonomous way. Reports such as "Opportunities of the biogas production chain for the state of Parana" [35]
are welcome initiatives to disseminate and demystify this generation model. Reduction of taxes and existence
of incentives to the market of biodigesters and related equipment is also essential to enable generation of
biogas by small and medium producers.

Generation from biogas produced from municipal solid wastes

The work also verified the potential of energy generation through biogas produced by biodigestion of
municipal solid wastes (MSW).

The municipalities that presented the greatest potential of use of such energy source are those with the
greatest population densities, as the generation scale of MSW is directly dependent on the size of the
population of a locality.

The generation potential using municipal wastes (MW) is limited to big cities as they have better waste
collection systems and are able to dispose larger volumes of waste daily. The generation potential using
municipal wastes (MW) is limited to big cities as they have better waste collection systems and are able to
dispose larger volumes of waste daily. To make the process possible, a daily intake of at least 150 t/day is
necessary, and 250 t/day is more convenient. This corroborates the assertion that there is a great viability
with the scale of the process [23]. However, Johannessen (1999) [36] states that this minimum value should
be 200 t/day. Based on the minimum value of 200 t/day and taking as a reference the average value of
waste
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generation per inhabitant per day of 0.749 kg of MSW [22], only cities with about 250 thousand inhabitants
could make the process viable.

Using this last criterion to determine the municipalities with the potential for distributed generation, only
six municipalities in Parana had such viability in 2010. In addition to the six municipalities, we also highlighted
Sao José dos Pinhais for having more than 250 thousand urban inhabitants estimated for 2019. We
calculated the potentials based on data from 2010, which was the year of the last housing census in which
data on the urban mesh area and the urban population at the municipal level are available. Table 2 shows
the absolute and by area potentials of urban mesh of the municipalities that demonstrated this viability.

Table 2. Energy potentials, absolute and by urban mesh area, of the MSW of the municipalities of Parana with more
than 250 thousand inhabitants, in 2010, and absolute potentials of the same municipalities estimated for 2019.

Municipality 2010 Potential 2010 Potential/Area 2019 Potential
(GWhlyear) (MWh/year/km?) (GWhlyear)

Curitiba 54.6 126.8 60.2
Londrina 15.4 63.1 17.3
Maringa 10.9 84.1 13.0
Ponta Grossa 9.5 47.1 10.7
Cascavel 8.4 82.6 9.7

Foz do Iguagu 7.9 48.3 8.0

Séo José dos Pinhais 7.4 90.5 9.0
Total 114.1 127.8

There were small municipalities with potential densities (MWh/year/km?) even higher than the six
considered viable, in 2010. However, they have populations of around 10,000 inhabitants, a value well below
that recommended for making large scale distributed generation feasible. However, the improvement of
infrastructure for the collection and transport of solid urban waste in these small cities may perhaps make it
possible to take advantage of it through initiatives of mini or distributed microgeneration.

Figure 6 presents the history of the energy potential of MSW across the State and of mini generation in
the largest urban centers in Parana. The figures follow the population growth of the municipalities. We
considered that by the year 2019 the urban populations of the six municipalities, which make MSW mini
generation viable, have grown proportionally to the total population of the municipality. In view of the strong
urbanization trends, we had a conservative estimate of the increase in populations in cities. Based on this
assumption, we can estimate the minimum potential that each municipality had in 2019 (Table 2). It is also
possible to estimate that the total potential of the State in the same year is 305 GWh/year.

MSW Potential of the State (GWh/year) Viable Municipalities
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Figure 6. History and forecasts of the total energy potential (GWh/year) and of biogas distributed generation using
municipal wastes in the largest urbanized regions of Parana [5,6].
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Currently, there is only one MSW biogas plant located in the municipality of Fazenda Rio Grande in the
metropolitan region of Curitiba. This plant has an installed energy potential of 37.5 GWh/year, which
corresponds to about 54 % of the estimated potential of the MSW in the urban centers of Curitiba and Sao
José dos Pinhais in 2019.

Overview and comparison between potential biomass and biogas sources

As to compare all biomass and biogas sources discussed, Figure 7 compiles the total energy potentials
and the distributed mini and distributed generation energy availability of each modality.

Potentials Comparison: Totals, DG (min, 43.8 GWh/year) and minigeneration (min, 0.66 GWh/year)
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Figure 7. Comparison of Parand total energy potentials (grey bars), mini generation (darker colored bars) and distributed
generation (inner lighter colored bars) through the burning of biomass and biogas in 2019.
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Total: 530

Clearly, the energy source that presented the highest estimated and usable potential is that of forest
residues. Despite the disregard of the already explored forestry areas and of the already operating energy
plants, the available potential for mini generation is still the highest among other appraised sources. Although,
the forestry wastes have one of lowest distributed generation potentials representing only about 3 % of the
total available for this kind of waste in the entire State.

Despite the technical issues on exploring the poultry wastes, the total identified energy potential for the
mini generation based on isolated chicken wastes is the second highest. The pig wastes also present high
available energy generation potential. However, only one municipality individually presented potential for DG
for each type of waste: Cascavel and Toledo could produce 53 and 91 GWhlyear through chicken and pig
wastes, respectively. Although, the distributed generation potential of the pig waste is more concentrated, it
represents 24 % of the total estimated for the State.

In the case of milking cows, the wastes are dispersed in a large area of the State and prevent DG
initiatives due to logistical cost limitations. However, it shows available potential for exploration through
distributed micro or mini generation.

The absolute DG potential is the highest for rice crops residues, which is about 273 GWh/year. It means
that most of the State potential is highly concentrated in a few municipalities of the Northwest Region.

The estimated energy potential available for mini generation MSW is the lowest due to the limitation
criteria regarding the population of the urban centers. Proportionally to the total State potential, its mini
generation potential was also the lowest one reaching only 33 % whilst the other energy sources reach at
least 77 % (wastes of milking cows).

The Figure 8 shows a comparison between the power generation potential mentioned above and the
annual electric energy consumption in Parana. In an optimistic scenario, considering the full potential of this
first analysis, 4,335 GWh/year would be the possible annual energy production from biomass and
biogas
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sources. It corresponds to about 21 % of the electric energy consumed in Parana in 2019, which was 20,367
GWhlyear.

Considering only the amount available for mini generation and distributed generation, 3,944 and 465
GWhlyear would be available for exploration, respectively. These values correspond to about 19 % and 2 %,
respectively, of the electricity consumed by the State in the same year.

Power generation potential by alternative sources compared to state consumption. (GWh/year) (2001 - 2019)
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Figure 8. Power generation potential by alternative sources compared to state consumption. We omitted MWS from
this chart because it does not appear properly due to the scales.

CONCLUSION

This work shows that all regions of the State have average annual levels of enough solar incidence for
investment in electricity generation using photovoltaic plates. The solar incidence in Parana is better than
some countries in Europe, as seen in Figure 1, that have more state incentives than Brazil. The adoption of
state tax incentives for the manufacture and import of photovoltaic and solar panels is essential to take
advantage of this opportunity.

The exploration of milking cows (milk whey) and poultry wastes presents logistical and technical
limitations. In relation to poultry wastes, they can contain several different materials used for bedding and
high humidity, what undermines the process of anaerobic biodigestion used to produce biogas or the burning
as biomass. Nonetheless, this work identified a high-energy generation potential for the isolated chicken
wastes, as seen in figures 5 and 8.

Biogas is particularly important in the areas of the State with intensive pig rearing, as is the specific case
of the Western Region. In this region, in addition to energy production, the incentive to a larger biogas
generation would greatly contribute to mitigate the environmental impacts resulting from pig farming, still a
problem not totally solved in Parana.

The use of agricultural residues for energy generation comes down to the rice cultivation as the only
viable culture to be explored without causing any further negative impacts on the quality of the soil and the
next crops. The rice hulls present a potential still unexplored and a deep investigation is necessary for its
effective use.

The use of biogas energy from urban solid waste requires a good waste collection system, as well as a
high production rate. For this reason, the modality proved possible only in the seven largest urban centers of
the State, as seen in Figure 6.

The harnessable energy potential in the State is very significant, reaching up to 19 % of the electricity
consumed by the grid in 2019. However, it is necessary to encourage the adoption of forms of distributed
generation on smaller scales (micro and mini generation), as distributed generation on a larger scale is limited
due to logistics costs. The use of this estimated potential for alternative energy sources brings benefits
of
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diversification of the State's energy matrix and of highly positive environmental impacts due to better
treatment of the agricultural, urban and industrial wastes.

This work does not exhaust the subject, but it provides important guidance so that the issue of alternative
energies is properly addressed and developed in Parana.

This work used open data and information available in the scientific literature as basis to produce the
most precise estimate as possible about the scenario of alternative energy generation potentials in the State
of Parand. Therefore, a direct contact with the parties involved with the sources of interest must follow any
decision based on this analysis.
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