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Abstract: This study aims to analyze various types of pellet fuels used as energy sources in Bulgaria,
focusing on their energy characteristics and the consumer preferences. Both standard and
specialized methods such as thermogravimetry (TG) and differential scanning calorimetry (DSC)
are used for the analyses. The results from TG and DSC indicate that during the drying of the
samples, moisture is evaporated from their surface, along with the release of volatile substances.
The processes during the analysis are accompanied by energy absorption, with the main stage being
combustion, where the primary amount of heat is generated. Standard analysis methods show that
wood pellets usually contain about 7.31% moisture, 0.72% ash and have a calorific value of 18.33
kJ/kg, while sunflower pellets contain about 7.62% moisture, 2.42% ash and have a calorific value of
19.63 kJ/kg. Mixed pellets contain about 7.07% moisture, up to 0.69% ash and have a calorific value
of 18.05 kJ/kg. A specialized marketing research was conducted to investigate consumer attitudes
and preferences toward purchasing different types of solid biomass fuels on Bulgarian market. This
study provides information on the quality of pellets as fuel by offering a detailed analysis of their
fuel properties and ensuring their effective utilization as an energy source.

Keywords: marketing research; consumers; pellets; fuels; energy; ash content; moisture content;
calorific value; TG; DSC

1. Introduction

Nowadays one of the key aspects related to energy resources is their contribution to energy and
environmental preservation. Biomass is known as one of the most effective and sustainable energy
sources, providing both renewable fuel and environmental benefits [1-3]. Containing a significant
amount of carbon, biomass plays a crucial role in balancing greenhouse gases. It serves as an
alternative to traditional energy resources [4-7]. The increasing consumption of pellets for heating
and hot water production requires diversity in the raw materials used for fuels [8-11]. Modern
technologies enable the production of renewable fuels from agricultural and industrial waste
materials, offering both economic and ecological advantages. The EU and its member states aim to
increase the share of energy originating from renewable sources to 34% by 2050 [12-15]. To achieve
this, they promote the use of fuels derived from solid biomass waste materials. These fuels are
produced from both agricultural and forestry sectors as well as industry. This is crucial for addressing
waste generation issues and their negative impact on the environment. Furthermore, the reuse of
these materials allows for increased revenue through the sale of secondarily generated solid biofuels,
as well as reducing expenses for energy needs [16-19].

The energy needs of many people in Bulgaria, especially for heating and warming household
water, are often met through the use of wood pellets as fuel. This form of fuel is produced from waste
wood originating from forest clearing and the activities of the wood processing industry [20-23]. The
technological steps for producing wood pellets involve initial crushing of the products, followed by
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drying, fine grinding, pressing without the addition of binding agents and finally cooling the
resulting pellets. Proper utilization of solid biofuel in the form of wood pellets ensures an efficient
fueling process. The low bulk density of solid biofuels makes them more suitable for local use near
production regions. To some extent, this can be compensated by the possibility of packaging and
transporting pellets over long distances, but this increases production costs [24-29]. Global leaders in
the production and use of pellets are primarily the USA and Canada, followed by Europe [29-33].

One of the most important oilseed crops, known to humanity for centuries, is the sunflower [34-
37]. Market leaders in sunflower production are countries from Europe and Asia. After processing,
large quantities of waste in the form of stalks and husks are generated following the extraction of oil
from the seeds. One of the applications of sunflower husks in energy production is as a raw material
for fuel in the form of pellets [38—40]. Their production is profitable and they are cheaper than wood
pellets in Bulgaria. The biggest drawback of sunflower pellets is their high ash content after
combustion.

Wood and sunflower pellets are fuels that can be used for heating residential buildings,
industrial buildings and agricultural facilities, as well as for electricity generation through
installations that utilize renewable energy sources. This diverse range of applications makes them a
key component of strategies to diversify the energy mix and reduce carbon dioxide emissions.
Interestingly, around the world, this type of solid biofuel often replaces coal in electricity production
[41-44].

To improve the fuel parameters of produced wood and sunflower pellets, highly specialized
scientific methods and technologies are used in accordance with the standards in force in EU
countries. These methods involve studying key parameters such as moisture content, ash content and
calorific value, as well as applying advanced analytical tools to measure their physical and chemical
properties. Techniques such as mass spectroscopy, thermogravimetry, differential scanning
calorimetry and others are used for this purpose [45,46]. These techniques provide detailed
information about the quality of the pellets and help to better understand their physical and chemical
properties, ultimately contributing to their more efficient use as an energy source.

Many scientists are engaged in the analysis of some of the main parameters of pellet fuels from
different sources and their influence on the operation of pellet fuel systems around the world. They
use a wide variety of data collected from different sources and studies. Currently, in scientific circles,
special attention is paid to the study of important parameters such as moisture and ash content and
how they affect the efficiency of pellet fuel systems, especially in our country [47-49]. This is essential
to determine the best ways to use pellet fuels in energy systems and to reduce their environmental
footprint.

The focus of this study is the results of a marketing research that centers on consumer opinions
regarding the use of wood and sunflower pellets in Bulgaria, with particular attention to their
moisture and ash content, as well as their calorific value. Detailed analyses of these properties are
conducted using both energetic methods and specialized techniques such as thermogravimetry and
differential scanning calorimetry. These methods and techniques enable a scientific investigation into
the composition and energy properties of the pellets, contributing to a better understanding of their
characteristics and their potential as an energy source.

Understanding consumer preferences is crucial for businesses to tailor their products and
marketing strategies effectively. By studying consumer opinions, companies can gain insights into
which types of solid biomass fuels consumers prefer and why. This information can help them adjust
their product offerings to better meet consumer demand, leading to increased sales and market share.
Consumer feedback on moisture and ash content, as well as calorific value, provides valuable insights
for product improvement. Companies can use this feedback to refine their manufacturing processes
and formulations, ensuring that their pellets meet or exceed consumer expectations in terms of
quality and performance. This can enhance customer satisfaction and loyalty in the long run, allowing
companies to adjust their marketing strategies and positioning. Understanding consumer preferences
and concerns regarding pellet quality can also help companies ensure compliance with regulatory
standards and requirements.
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2. Materials and Methods

After analyzing the survey data for solid biofuels, two types of wood and sunflower pellet
samples from different producers were selected. The third type of pellets are produced after mixing
sunflower husks and softwood waste in a ratio of 1:3. Research has been carried out to determine
some typical parameters such as calorific value, ash content and moisture. Additionally, their mass
loss and thermal properties were measured using TG and DSC.

2.1. Materials

Samples of waste raw materials were investigated, that include coniferous wood (CW),
deciduous wood (DW), sunflower husks (SH), as well as mixed samples of coniferous wood and
sunflower husks (CW+SH), which are presented in Table 1 and in Figure 1.

Pellets 2

Pellets 3

Pellets 4 ellets

Figure 1. Researched waste raw materials.

Table 1. Types of raw materials for research.

Samples Pellets 1 Pellets 2 Pellets 3 Pellets 4 Pellets 5
type wood wood  wood and sunflower  sunflower sunflower
material CW+DW CW+DW CW+SH SH SH

2.2. Research Methods

2.2.1. Determination of Some of the Energy Parameters.

The determination of some of the fuel’s energy parameters such as calorific value, moisture
content and ash content is conducted in accordance with European and Bulgarian standards, as per
[50-53]. The pellets are purchased from retail stores and manufacturers. They are packaged in bags
weighing 15 kg each. To obtain accurate and correct results, the bags containing the selected pellets
are opened prior to the study and quantities of approximately 3 kg are prepared for examination for
each type of pellets.

To determine the moisture content, the tested sample must be no less than 300 grams. Before the
examination, the material is ground and then the sample is dried in an air environment for a certain
time. The process continues until the sample reaches a constant mass, after which the percent water
content is calculated as mass loss, according to [50].

Initially, the sample was subjected to drying for approximately one hour at a temperature of
about 250°C. The temperature then is increased gradually to about 550°C, at which point the
combustion process ends [51,52]. For an accurate recording of the results, it is recommended that the
burning time should be at least 2 hours.
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To determine the overall calorific value of the tested pellets, a method described in [53] is
utilized. The experiments are conducted in a bomb calorimeter by burning benzoic acid at a
predetermined temperature of 25°C and constant volume. The higher heating value is determined by
correcting the temperature (temperature rise) and subsequently determining the effective heat
capacity of the device. This process takes into account the initial energy for ignition, the energy of
combustion and the thermal effect of additional reactions. The lower heating value is calculated from
the results obtained for the higher heating value, considering the moisture and hydrogen content in
the samples.

2.2.2. Thermogravimetric Analysis and Differential Scanning Calorimetry

The thermogravimetric analysis method is used for detailed study of the thermal properties of
the pellets. Special equipment [54-57] is used to conduct the analysis, which allows precise control of
the temperature and measurement of the change in the mass of the sample depending on the
temperature.

At the beginning of the experiment, the pellets are subjected to gradual heating from room
temperature to a certain maximum value, which is pre-determined according to the investigated
samples and the interests of the study, in this case 750°C. During heating the change in pellets mass
is measured, observing any physicochemical changes that may occur, such as material degradation,
oxidation reactions or evolution of gasses.

Differential scanning calorimetry is an analytical method that finds wide application in the study
of the thermal properties of various materials, including pellets. This method allows a detailed study
of the thermal changes that occur in the samples during controlled heating or cooling at a certain rate.
In this case the samples were tested at two rates of 5°C/min and 10°C/min. Thermal changes are
recorded by measuring the difference in heat between the sample and the reference material. This
process allows precise determination of the temperature limits at which various thermal processes
such as degradation of the material or changes in its phase occur.

The TG and DSC studies were conducted using a thermal analyzer STA PT 1600 in a laboratory
environment [58]. A sample with a mass of about 1 gram is placed in the device, which is determined
based on the type of material and the studied parameters. This mass is sufficient to provide the
required sample for the analysis. The temperature in the device increases gradually and evenly to
750°C. This range of temperatures was chosen according to the specific requirements of the tested
samples and the research objectives.

Two heating speeds are used - 5°C/min and 10°C/min. The choice of heating rate is essential
because it can affect the kinetics of the reactions that occur in the material during the analysis. The
faster heating can accelerate various thermal processes, while the slower heating can allow a more
complete and detailed analysis of the thermal changes.

During the heating and analysis process, changes in the mass of the samples and the difference
in heat release or absorption are observed. These observations are crucial for understanding the
thermal characteristics of the material and for identifying the various thermal processes that may
occur under different conditions of temperature and heating rate.

The data obtained from the analysis are used to create profiles of the curves from
thermogravimetric analysis (TGA) and DSC. These profiles provide a visual representation of the
thermal changes in the material as a function of temperature and heating rate, which allows detailed
study and analysis of their characteristics.

Based on the data obtained from the methods mentioned above and the marketing research of
consumer preferences, an analysis can be conducted to determine whether this type of pellets is
suitable for sale on the market and to explore their potential applications. First, by examining the
moisture and ash content, the quality of the pellets as a fuel and their fuel efficiency can be assessed.
High moisture content can reduce their energy value and increase the amount of emitted gases and
ash, which may make them less suitable for certain applications such as heating. Then the analysis of
calorific value provides insight into their energy value and potential for efficient utilization. Higher
calorific value usually indicates better fuel quality and more efficient combustion. TG and DSC help
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evaluate the stability of the material at different temperatures and combustion conditions. This is
important for determining the suitability of the pellets for various heating purposes. Additionally,
they can detect potential changes in the chemical composition of the pellets during heating, which is
crucial for understanding their fuel properties and efficiency.

2.2.3. Marketing Research of Customer Preferences

In order to explore consumer attitudes and preferences regarding the purchase of various types
of solid biomass fuels on Bulgarian market, a specialized marketing research was carried out. The
survey spanned from November 2023 to February 2024, encompassing both online and in-store
responses. It comprised 9 closed questions exploring diverse facets of pellet types covering aspects
like quality, pricing, distribution channels and packaging. The target demographic group included
end-users (individuals and households) utilizing pellets for heating in Bulgaria. The survey
concluded upon reaching 200 responses. It's worth emphasizing that pellet preferences may
significantly fluctuate based on factors such as regional availability and heating requirements.

Understanding consumer behavior through marketing research helps manufacturers tailor their
offerings of solid biomass fuels to meet consumer needs and preferences. This insight aids in market
segmentation, allowing businesses to target specific consumer groups with tailored strategies. This
knowledge also provides a competitive advantage by identifying market gaps and enabling
businesses to differentiate themselves. It also optimizes marketing strategies by informing pricing,
distribution and promotional activities for maximum impact.

3. Results

Based on the methods outlined above, the averaged results obtained from the research of the
five types of pellets are presented.

3.1. Results of Using the Materials and Methods

3.1.1. Results of Determining the Energy Characteristics of the Pellets

Table 2 presents the averaged results obtained from the study of the energy characteristics of the

pellets.
Table 2. Averaged results from the examining of the energy parameters.
Indicator Units Pellets1 Pellets2 Pellets3 Pellets4 Pellets5
Total moisture content % 747+0,20 7,14+0,20 7,07+0,20 7,82+0,20 7,42+0,20

Ash content

. . % 0,7940,21 0,72+0,21 0,74+0,21 2,57+0,21 2,67+0,21
(in dry condition)

Ash content

. . - %  0,73x0,21 0,70£0,21 0,69+0,21 2,37+0,21 2,47+0,21
(in operational condition)

Calorific value

(higher, in dry condition) kJ/kg 19,57+1,8 19,96+1,8 19,42+1,8 21,37+1,8 21,07+1,8

lorific val
o (Celorfievalue g0 gg11a18 1853418 1805518 1970618  19,51+18
higher, in operational condition

Calorific value

(lower, in dry condition) kJ/kg 18,31+1,8 18,69+1,8 18,16x1,8 20,14+1,8 19,85+1,8

lorific val
Calorificvalue K/kg 1677+1,8 17,19¢1,8 1671+1,8 1839+1,8 18,20+18
lower, in operational condition

The results of the research show that the different types of pellets have different parameters that
affect their efficiency as a fuel. Type 2 pellets are characterized by the lowest moisture content, which
makes them more suitable for a combustion process, as the lower moisture content provides better
combustion and higher efficiency. On the other hand, type 4 pellets have the highest moisture
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content, which can reduce their efficiency as a fuel. In relation to ash content, type 2 pellets have the
lowest ash content, which is preferred for cleaner combustion and less residue formation. Type 5
pellets, on the other hand, have the highest ash content, which can be a challenge to maintain the
combustion system. When it comes to calorific value, type 3 pellets are found to have the lowest
value, which may mean that they are less efficient in the combustion process. Compared to them,
type 4 pellets have the highest calorific value, which makes them preferred for more efficient and
strong combustion.

3.1.2. Results of the TG and DSC of the Pellets

Figures 2-6 show TG and DSC results at different heating rates of 5°C/min and 10°C/min up to a
temperature of 750°C. These figures illustrate the curves of TGA and DSC at different heating rates,
as described above. According to the results obtained from the thermogravimetric analysis, the
results can be conditionally divided into three stages. The first stage represents the drying process
and the release of light volatile substances. The second stage is the main stage of the process, where
the combustion process takes place and the main separation of volatile substances occurs. The third
stage is when the smoldering process takes place.

31 ~_ Ve
o] ettt 15 = \\V -'-:: E-»-—-umu,n,m \\‘\\ / ‘
i J e
| i
\ e \
\\\ EE E \‘\\ |
= \\\l ? _-E ) S \\.
N\ R \
4 =1 = L
- | it ST AU - NV N
(a) (b)
Figure 2. TGA and DSC results for Pellets 1: (a) at a heating rate of 5°C/min; (b) at a heating rate of
10°C/min.
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& /- \ “

Figure 3. TGA and DSC results for Pellets 2: (a) at heating rate 5°C/min; (b) at heating rate 10°C/min.
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Figure 6. TGA and DSC results for Pellets 5 : (a) at heating rate 5°C/min; (b) at heating rate 10°C/min.

During the drying stage, moisture evaporates from the surface of the samples and
simultaneously with that volatile substances are released. The processes that occur during the
examination of the samples are carried out during the absorption of energy. During the main stage
of the process, combustion takes place, where with the temperature increase, the main amount of
heat is formed as a reaction to the process. The intensity of the combustion process increases the rate
of release of volatile substances, which in turn increases the amplitude of the temperature peaks in
the heat load curve. For each type of pellets, the observed exothermic peaks at 5°C/min and 10°C/min
have approximately the same values.

The results in Table 3 show that the maximum temperatures of the combustion process for all
tests are observed between 400°C and 500°C, where significant amounts of heat are released. After
reaching the temperature of about 440°C, the combustion process is almost complete and the observed
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mass losses are greatly reduced. At this point, the third stage of the process begins - smoldering,
which develops in the residual material. Smoldering ends when the residual heat is removed from

the system.
Table 3. Values of exothermic peaks obtained in the combustion.
Exothermic peaks observed
5°C/min 10°C/min

Pellets 1 320°C, 360°C and 460°C 330°C, 350°C, 380°C and 480°C
Pellets 2 320°C and 460°C 340°C and 480°C
Pellets 3 320°C, 360°C and 460°C 340°C, 380°C and 480°C
Pellets 4 310°C, 420°C and 460°C 310°C, 420°C and 470°C
Pellets 5 310°C and 460°C 320°C and 480°C

Table 4 presents the temperature ranges of the thermal decomposition stages of the studied

biofuels.
Table 4. Stages of thermal decomposition of biofuels.
Temperature range, °C

Stage 1 Stage 2 Stage 3
Pellets 1 20-115%/ 20-125** 115-460* / 125-480** 460-750%* / 480-750**
Pellets 2 20-111%* / 20-123** 111-460* / 123-4807** 450-750%* / 480-750**
Pellets 3 20-123* / 20-121** 123-460% / 121-470** 460-750* / 470-750**
Pellets 4 20-117* / 20-132** 117-460* / 132-470** 460-750* / 470-750**
Pellets 5 20-129* / 20-140** 129-460* / 140-480** 460-750% / 480-750**

* Observed results at a heating rate of 5°C/min. ** Observed results at a heating rate of 10°C/min.

The results of the tests in Table 4 show that in all experiments with different types of pellets
almost complete combustion was achieved, where the loss of the total mass was over 99%. The
average value of the residual mass for all trials and samples is about 0.1% and this value is primarily
related to the ash content of the tested pellet samples.

Table 5 shows the maximum total mass losses observed during the thermal decomposition of

biofuels.
Table 5. Mass losses during the thermal decomposition of biofuels.
Losses from the total mass, %
Stage 1 Stage 2 Stage 3
Pellets 1 7,2% | 7¥% 95% [ 94** 1,4* [ 4,9**
Pellets 2 8,1% / 7,9%* 93% / 92%* 6,4% / 8,2%*
Pellets 3 7,6% | 5,7%* 90* / 84** 10* / 13,4**
Pellets 4 9.4* [ 7%* 89% / 90** 10* / 8,3**
Pellets 5 9,2% [ 7 9%* 85% [ 92** 14,2*/ 6,5**

* Observed results at a heating rate of 5°C/min. ** Observed results at a heating rate of 10°C/min.

The TGA results from Table 5 show that until reaching temperatures between 111°C-129°C (at a
rate of 5°C/min) and 121°C-140°C (at a rate of 10°C/min), during the drying stage of samples, no major
mass loss was observed. At both test rates, the mass loss varies between 7-9% depending on the type
of pellets. Slightly higher mass losses (10-15%) for all pellets were observed in the range of 220-240°C
at 5°C/min and 230-275°C at 10°C/min. That is where the increase in heat flow begins. By the end of
the combustion process of each type of pellets, according to the thermogravimetric curves, losses
between 85% and 95% can be reported. After reaching an average temperature of about 458°C at a
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rate of 5°C/min and 476°C at a rate of 10°C/min, the rate of mass loss is reduced until complete
combustion is reached.

3.2. Results of the Marketing Research of Customer Preferences for Solid Biomass Fuels Usage in Bulgaria

The data collected from the marketing research indicates a diverse range of preferences among
respondents, with coniferous pellets and mixed wood pellets being the most popular purchase
choices of solid biomass fuels, respectively 33% and 22%, followed by deciduous pellets (20%) and
sunflower pellets (18%) (see Figure 7).

What kind of pellets do you prefer to use?

@ coniferuos
@ deciduous
@ mixed wood
® sunflower
@ other

Figure 7. Customers’ Preferences for Buying Different Types of Solid Biomass Fuels.

The second survey question (see Figure 8) aims to understand the influence of price on
customers’ preferences for sunflower pellets over wood pellets. The results indicate that a slight
majority (46%) would prefer sunflower pellets due to their lower price, while a significant portion
(44%) would not be swayed by the lower price and still prefer wood pellets. Additionally, 10% of the
respondents are uncertain about their preference, indicating some level of indecision or lack of strong
preference.

Would the lower price of sunflower pellets
make you prefer them over wood pellets?

o ® yes
46% i

@ I'm not sure

Figure 8. The Price as a Determining Factor for Purchasing Sunflower Pellets.

The third question from the survey uncovers what factors are most important to costumers when
choosing solid biomass fuels (see Figure 9). The findings reveal that the majority (51% of the
respondents) prioritize price, indicating that affordability plays a crucial role in their decision-making
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process. Following price considerations, 34% of the respondents place importance on quality,
suggesting that many customers are willing to invest more in pellets of superior quality, potentially
driven by factors such as enhanced efficiency, cleanliness or environmental sustainability. Only 15%
of the respondents prioritize composition, implying that while some consumers may have concerns
about the specific ingredients or additives in the solid biomass fuels, it is not a significant
consideration compared to price and quality for most respondents.

What is most important to you when choosing
solid biomass fuels?

@ price
® quality
@ composition

Figure 9. Main Decision-Making Factors for Purchasing Solid Biomass Fuels.

The objective of the next survey question (see Figure 10) is to gain insight into costumers'
purchasing habits regarding solid biomass fuels, specifically inquiring about their preferred
purchasing channels. A significant portion of the respondents (31%) prefer to purchase pellets from
wholesale markets, suggesting that a notable portion of consumers may be purchasing pellets in large

quantities or for commercial purposes. Factors such as pricing, availability and convenience likely
influence this choice.

Where do you usually buy solid biomass fuels from?

@ wholesale markets

@ manufacturing
enterprises

@ online
@ retail stores

Figure 10. Customers’ Favored Avenues for Purchase.

The fact that nearly a third of the respondents buy pellets directly from manufacturing
enterprises (29%) suggests a preference for obtaining products directly from the source. This choice
may be influenced by factors such as trust in product quality, direct access to fresher products and
potentially better pricing due to bypassing intermediaries. The proportion of respondents buying
pellets online is lower than those opting for wholesale markets and manufacturing enterprises.
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Nevertheless, online purchases (15%) still constitute a significant segment of the market.
Convenience, diverse product options and possibly competitive pricing are key motivators behind
this preference. Also factors like delivery choices and the ease of comparing products may further
encourage consumers to choose online shopping. While not the majority, a significant portion of the
respondents still prefer purchasing pellets from retail stores (25%).

The marketing research results highlight the significance of clear and informative pellet labeling
(see Figure 11). Marketers can utilize this insight to optimize label design and content, meeting the
preferences of the majority who prioritize this aspect of packaging. Additionally, efforts can be made
to understand and potentially address the reasons behind the minority of consumers who do not pay
attention to labels, ensuring that important information reaches all consumer segments effectively.

Do you pay attention to the labels indicating the
characteristics of the pellets on their packaging?

YES
® NO

Figure 11. Attention to Labels on the Pellets Packaging.

61% of the respondents indicate that they pay attention to the labels on pellet packages regarding
their characteristics. This suggests that a significant part of the costumers value the information
provided on product labels. Reasons for this could include concerns about product quality, safety,
environmental impact or meeting specific requirements for their intended use. Additionally,
consumers may perceive labels as indicators of transparency and trustworthiness from the
manufacturer or brand. A smaller proportion, 9% of the respondents admit to not paying attention
to the labels on pellet packages regarding their characteristics. This minority group may have various
reasons for disregarding labels, such as preconceived notions about the product, previous satisfactory
experiences with similar products or a lack of interest in product details.

The survey results further reveal a clear consumer preference for pure solid biomass fuels, with
a minority favoring fuels with additives. Moreover, a notable portion of the respondents are unsure
about their preference, providing marketers with an opportunity to educate and clarify any doubts.
This understanding of preferences can guide product development, marketing strategies and
messaging to effectively meet consumer needs and preferences in the pellet market (see Figure 12).
The vast majority (91% of the respondents) indicate a preference for pure solid biomass fuels. This
strong inclination suggests that consumers prioritize simplicity and purity in their pellet choices.
Reasons for this preference may include concerns about potential negative impacts of additives on
health, the environment or pellet performance. Also consumers may perceive pure pellets as more
authentic and natural, aligning with preferences for minimally processed or organic products.
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What kind of solid biomass fuels do you prefer to use -
pure or with additives?

@ pure
® with additives
@ I'm not sure

Figure 12. Customers’ Preferences for Pure Pellets or Pellets with Additives.

A very small fraction, only 1% of the respondents, express a preference for pellets containing
additives. Consumers who favor solid biomass fuels with additives may prioritize specific benefits
offered by the additives, such as enhanced performance, flavor or nutritional value. However, the
low percentage indicates that this segment is not substantial compared to those favoring pure pellets.
8% of the respondents express uncertainty regarding their preference for either pure or additive-
containing pellets. This uncertainty may stem from a lack of information about the differences
between pure and additive-containing solid biomass fuels, indecision about personal preferences or
a need for more information to form a preference.

The survey data indicates a strong belief among Bulgarian customers that wood pellets are more
calorific compared to sunflower pellets (see Figure 13). The vast majority, comprising 93% of the
respondents, believe that wood pellets are more calorific. This preference likely reflects the
widespread use and familiarity of wood pellets as an efficient heating fuel in Bulgaria, as well as their
reputation for efficient energy production. Only a tiny fraction, just 2% of the respondents, believe
that sunflower pellets are more calorific.

According to you, which solid biomass fuels are more
calorific?

@ wood pellets
® sunflower pellets
® I'm not sure

Figure 13. Customers’ Opinion about the Calorific Value of the Different Types of Solid Biomass
Fuels.

This minimal preference indicates that the perception of sunflower pellets as a highly calorific
fuel is not widely held among Bulgarian customers. Sunflower pellets may not be as commonly used
or as well-known for their heating properties compared to wood pellets, leading to a lower level of
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confidence in their calorific value. However, there remains a small percentage of consumers (5%)
who are uncertain about this comparison of wood pellets versus sunflower pellets, suggesting an
opportunity for further education and clarification on the calorific properties of different pellet types.

According to the marketing research results, there is a widespread belief among Bulgarian
customers that sunflower pellets leave more ash after burning in a household boiler compared to
wood pellets. While there is a minimal percentage of respondents who believe otherwise, a notable
portion also express uncertainty about this comparison, suggesting an opportunity for clarification
and education on the ash-producing characteristics of different pellet types (see Figure 14).

Which of the solid biomass fuels leave more ash after
burning in a household boiler?

wood pellets
@ sunflower pellets
@ I'm not sure

Figure 14. Customers’ Opinion About the Calorific Value of the Different Types of Solid Biomass
Fuels.

The overwhelming majority, comprising 87% of the respondents, believe that sunflower pellets
leave more ash after burning in a household boiler. This strong preference suggests a widespread
perception among Bulgarian customers that sunflower pellets result in higher ash residue compared
to other types, such as wood pellets. This preference may stem from personal experiences or
observations of higher ash content when using sunflower pellets, leading to a general consensus
among consumers. Only a very small group, representing 2% of the respondents, believe that wood
pellets leave more ash after burning. This minor preference suggests that there is minimal belief
among Bulgarian customers that wood pellets produce higher ash residue. This could be due to wood
pellets being perceived as a cleaner-burning fuel compared to sunflower pellets, with lower ash
content as a result. 11% of the respondents express uncertainty regarding which type of pellets leaves
more ash after burning. This uncertainty may arise from a lack of firsthand experience or knowledge
about the ash-producing properties of different pellet types.

The marketing research results also highlight a strong consensus among the respondents
regarding the significance of moisture content in pellets, with the majority considering it a critical
factor in their purchasing decisions. There are smaller segments of consumers who either do not
prioritize moisture content or are uncertain about its importance. Addressing these perspectives and
providing clarity on the role of moisture content could assist consumers in making more informed
choices when selecting pellets (see Figure 15).
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Is the moisture content in pellets important to you?

yes

@ no

@ I'm not sure

Figure 15. Customers’ Opinion about the Importance of Moisture in the Pellets.

The majority of the respondents (87%) acknowledge the importance of moisture content in
pellets. The significance attributed to moisture content likely stems from its crucial role in the
efficiency and performance of pellet-fueled appliances, such as boilers or stoves. Maintaining
appropriate moisture levels is essential for achieving efficient combustion and maximizing heat
output. Hence, consumers value pellets with suitable moisture content to ensure optimal
performance and energy efficiency. A small minority, comprising 7% of the respondents, express that
moisture content in pellets is not a critical factor for them. This viewpoint suggests that some
customers prioritize other factors, such as price or availability, over moisture content when making
pellet purchases. Alternatively, they may not fully grasp the impact of moisture content on pellet
performance or may not view it as a primary consideration in their decision-making process. Another
6% of the respondents convey uncertainty regarding the importance of moisture content in pellets,
which may arise from a lack of knowledge or understanding regarding the role of moisture content
in pellet performance.

4. Discussion

The obtained results from the marketing research suggest that while price is a factor for many
Bulgarian customers, there are still a considerable number of individuals who value other factors
such as quality or convenience over price when choosing between the different solid biomass fuel
types.

The data highlights the diverse range of purchasing channels preferred by Bulgarian customers
when it comes to buying pellets. Factors such as pricing, convenience, product availability and trust
in product quality likely play significant roles in shaping these preferences. Additionally, the
distribution of preferences across different channels underscores the importance for pellet suppliers
and marketers to maintain a strong presence across various biomass fuel sales channels to effectively
cater to different consumer segments and their preferences. This indicates that conventional physical
retail stores remain influential in Bulgarian market. Factors such as accessibility, in-person assistance
and immediate availability of products may influence customers to choose retail stores for their pellet
purchases.

For marketers, addressing customers’ uncertainty regarding their preference for either pure or
additive-containing solid biomass fuels could involve providing clear and informative product
descriptions, emphasizing the benefits of each option and addressing any consumer concerns about
additives. Marketers must also delve into the motivations behind consumer behavior, to correct
misconceptions and enhance the effectiveness of the labeling of solid biomass fuels packaging
ultimately ensuring a better understanding of consumer preferences and needs.
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The analysis of the energy characteristics from the research leads to the improvement of the
combustion process when using pellet fuels and achieving a more efficient and sustainable use of
energy. The research results in [59] almost overlap those obtained for some of the parameters and
provide information about the quality and efficiency of sunflower and wood pellets and their use in
the combustion process. The studies presented in reference [60] emphasize the importance of pellets
as fuel produced from agricultural and forestry waste and their significant role in optimizing the
combustion process. Analysis of the TG results shows that the resulting curves are very similar to
each other. However, there are some significant differences in the temperature peaks and in the
curves of the heat flow. These differences are mainly due to the different composition of the materials
used for the production of biomass pellets. The cited authors in reference [61] conduct a detailed
research analysis on the method of thermogravimetry and the theoretically assumed forms of the
curve obtained after analyzing the data resulting from the tests. Their analytical approach includes
studying various physicochemical characteristics of the materials and their reactions, which is crucial
for better understanding and optimization of processes in the field of fuel technologies. In study
[62,63], a thermogravimetric analysis is conducted focusing on the characteristics of five different
types of biomass that have the potential to be used as fuel materials. The analysis of the results from
previous studies by other authors, as well as from the current research, underscores the importance
of using thermogravimetric analysis in combination with differential scanning calorimetry to assess
the thermal properties of pellets. Conducting studies on the combustion process of pellets produced
by mixing different types of biomass opens perspectives for future research and for developing new
types of pellets meeting the needs of the energy market.

5. Conclusions

In conclusion, the comprehensive marketing research findings offer valuable insights for
manufacturers and marketers of solid biomass fuels, enabling them to gain a deeper understanding
of consumer preferences. By leveraging these insights, they can adapt their products and
communication strategies to better align with customer demands, ultimately enhancing their
competitiveness and effectiveness in Bulgarian market.

Based on the analysis of the research results on the energy characteristics of biofuels from waste
wood (Pellets 1 and 2), sunflower husks (Pellets 4 and 5), and mixed pellets (Pellets 3), it is found that
Pellets 4 and Pellets 5 are rated as the highest due to their better energy qualities compared to wood
pellets. However, a high ash content is observed in sunflower pellets. The highest total moisture
content is recorded in Pellets 4 (7.82%), while the lowest is in Pellets 3 (7.07%).

The analysis of the results from TG and DSC shows that the combustion of the pellets proceeds
through three main stages: drying (Stage 1), burning (Stage 2) and smoldering (Stage 3). At
temperatures between 111°C and 129°C (at a rate of 5°C/min) and 121°C and 140°C (at a rate of
10°C/min) the drying stage of the samples does not cause significant mass loss. However, the
subsequent burning stages lead to more significant mass losses, ranging between 7% and 9% at both
investigation rates. At higher temperatures from 220°C to 240°C at a rate of 5°C/min and from 230°C
to 275°C at a rate of 10°C/min, an increase in heat flow is observed and the burning process concludes
with mass losses ranging between 85% and 95%.

Combining the results from the marketing research of customers’ preferences, the energy
analyses and the studies with thermogravimetry and differential scanning calorimetry, forms a
closed cycle that reveals important aspects about public opinion regarding the use of biofuels, as well
as about the characteristics and energy potential of various types of pellet fuels. These data are of
significant importance for developing more efficient methods for utilizing biomass as fuel.
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