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Abstract: Renewable energy is one of the most discussed topics nowadays, more so than traditional
combustible energy sources and nuclear energy. There is an apparent need to study its public
acceptance and the general public’s knowledge about it, especially in the context of more advanced
inventions, such as smart grids, energy storage, or photovoltaic inverters. In this research, the
results of a custom survey and those of several types of public social media datasets were processed
to gain insights into the acceptance and awareness of these technologies. The second aim was to
investigate technologies and related public opinions about manufacturers. One social media dataset
was processed by a novel technology based on automatic data collection from popular social media
sources, blogs, forums and public news. All the collected and anonymized data were restored in
a custom-made data lake (unstructured database) and analyzed by a natural language processing
(NLP) engine to extract the required information. The results showed that the Hungarian public’s
knowledge differs from the European reference values by a very high percentage. A further goal
for new research in the investigated area will be to achieve a business intelligence rated system in
order to predict future trends and events. Since different methods provide results from different
viewpoints, the conclusion is that combined analyses have to be used for investigating popular topics
related to energy, such as various technologies, issues related to energy transition, or even car sharing
services for a sustainable future.

Keywords: social media analysis; NLP; energy; renewable energy; energy transition; public opinion

1. Introduction

Renewable energy sources (RESs) are becoming an increasingly important part of
the energy mix in the European Union (EU). Their presence in the overall energy mix
of European countries has been constantly rising for the last thirty years; therefore, it is
important to know the extent of the public acceptance of these technologies. The utilization
of renewable energy shows great variation in the EEA Member States. While its penetration
is very high in some states (Norway: 72.752%, Iceland: 72.128%), it is markedly low in
other member states (the Netherlands: 7.385%, Malta: 7.978%). Hungary (12.489%) is
also among the nations with lower penetrations according to 2018 data [1]. The status of
renewable energy sources in a given country depends on several factors, such as economic
resources, the availability of renewable resources and acceptance. From the above country-
level data, it is clear that the use of these resources does not necessarily depend on the
country’s economic performance (GDP), but it is clear that there is a “gap” between
northern, southern and eastern European countries [2]. This article explores the reasons
for this from the perspective of public acceptance by using social media analysis and a
public survey, which are considered to be useful tools for such a purpose [3,4], since they
can provide a deep insight into people’s opinions on a given topic.
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A study from the Czech Republic [5] shows that a public survey can show citizens’
opinions on renewables as electricity resources (RES-E); however, it also states that more
research is needed in this field. Nevertheless, social acceptance is regarded as one of the
most important requirements for the successful adoption of any technology—for instance,
energy infrastructure technologies. The example of Spain shows [6] that, despite dynamic
growth in the RES sector, the mass media are capable of generating negative opinions
concerning the RESs as well as achieving a higher public acceptance of nuclear energy at the
same time. It seems that if a national strategy for climate protection and energy [7] names
nuclear energy as the most important part of the energy mix (for energy security reasons),
social acceptance can be created artificially. A study in Portugal [8] on RES acceptance
does not include nuclear sources; however, with a deeply sophisticated statistical method,
conclusions can be derived for the entire field.

Studies on the photovoltaics (PV) market show that the issues regarding its social and
public acceptance have largely been neglected in the literature, perhaps due to the particu-
larly positive public opinion that has tended to prevail with this source of energy [6,9,10].
However, it must not be forgotten that this industry also has a dark side when the carbon
footprint related to manufacturing and recycling is considered.

One way to change the above situation is to explore the leading social media platforms
(Facebook, Twitter, etc.) by data mining tools. As the relevant data traffic of the last more
than 10 years has taken place on these platforms, this method can provide a good picture
of the opinions in a given country or region. In terms of data processing, gender and
sentiment-based classifications can be used to obtain a more nuanced picture of the gender
distribution of opinions, while sentiment analysis gave polarity to the social media dataset,
which in turn allows the analysis of the data used. The data obtained in this way were
molded into a comprehensible form by means of data visualization, and thus conclusions
could be drawn from them for analysis. The other tool—which is also a very common
method according to the scholarly literature—was the questionnaire which delivered the
data that were also analyzed using data visualization.

The aims of this study are to (i) compare RES opinion results with other EU member
states, (ii) to show more advanced technologies based on social media data collection and
to introduce a standard method for data collection and processing.

2. Public Opinion about RESs in Hungary

The initial research method was based on previous scientific work where a survey
was executed in the Czech Republic [5]. To be comparable, the same questions were asked
in an online survey in Hungary, where 716 respondents gave feedback. According to the
correspondence of the samples with the total population in quotes, the data sample appears
to be representative for Hungary, which would ensure at least a confidence interval of 95%
with a margin of error of 4% [9]. The data is deposited by the authors at the following
address: https://docs.google.com/forms/d/1hpM4pJgqs6Etf1eIB27mq4aj-BKwgadsW6
_gj6XV0Bs/ (accessed on 11 May 2020).

The age distribution of respondents was as follows: aged 15 to 24: 13.82%, 25–34:
34.1%, 35–44: 34.56%, 45–54: 12.44%, and the rest were aged 55 or above. As for their
genders, 42.7% of the participants were women and 57.3% were men.

2.1. Measures of Opinions on RES

The sample questionnaire surveyed whether the respondents believed it was possible
to replace the conventional sources of energy production with renewable energy ones. The
exact question (Q1) was the following: “Do you think it is possible to replace electricity
generation from the conventional sources (such as coal-fired or gas-fired power plants,
nuclear power plants or large hydroelectric power plants) by generating electricity from
wind, solar radiation, and biomass combustion?” (1—it is definitely possible to replace
it, 2—it is rather possible to replace it, 3—it is rather not possible to replace it, 4—it is
definitely not possible to replace it). The answer distribution is shown in Figure 1.

https://docs.google.com/forms/d/1hpM4pJgqs6Etf1eIB27mq4aj-BKwgadsW6_gj6XV0Bs/
https://docs.google.com/forms/d/1hpM4pJgqs6Etf1eIB27mq4aj-BKwgadsW6_gj6XV0Bs/
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Figure 1. The distribution of the answers about the possibility of replacing conventional
energy sources.

The next question was concerned with the renewables in the country’s use (Figure 2.):
“What do you think the situation is in our country concerning the use of renewable energy
sources?” (1—very good, 2—rather good, 3—rather bad, 4—very bad).
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Figure 2. The distribution of the answers regarding the country’s use of RESs.

In comparison with the previous Czech research [5], the answers given to Q1 (question
No. 1) showed a significant difference in the opinions. According to the answers of the
Hungarian respondents, more than 55% believed that conventional sources are replaceable
with RES, while in the Czech Republic it was only 30%. Regarding Q2, only 8.1% of the
Hungarian participants gave positive answers, in comparison with the other country’s
value of 45%.

2.2. Measures of Opinions on the Environment

The next group of questions (Q3, Q4, Q5) were designed to measure opinions related
to the environment. Q3 was about the Hungarian government’s responsibility for the
environment, i.e., whether the government takes responsibility for it in a transparent
way or not (Figure 3). The answers were quite different from the Czech ones, since the
Hungarian respondent’s opinion was that the government cares too little about it. This has
some local reasons, mainly political, based on the country’s limited land resources and the
activity of privileged industrial and personal entities. The rating scale for this question had
three levels (1—good level, 2—middle level, 3—lowest level) to express opinions on how
the government looks after the environment.
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Q4 asked the respondents about their willingness to protect the environment by their
personal behavior: “In your household, do you save energy and water for environmental
reasons?” 1—always, 4—never, on a 4-point scale. Here, 19.9% of the respondents chose
answer 1 (“always”), 43.9% answer 2, 21.8% answer 3 (“rather no”) and 4.5% selected
“absolutely not”.

Q5 was “Do you have enough information on the state of the environment in Hun-
gary?”, with the same scale as that of Q4. The received answers are showing the following
distribution: 1—12.9%, 2—30.8%, 3—38.1%, 4—18.2%. The compared results are shown
in Table 1.

Table 1. Compared results for Q4 andQ5 [5].

Answer Good Rather Good Rather Bad Bad

Q4 Hungary 19.90% 43.90% 21.80% 4.50%
Q4 Czech
Republic 19.20% 42.70% 24.50% 12.20%

Q5 Hungary 12.90% 30.80% 38.10% 18.20%
Q5 Czech
Republic 2.30% 35.70% 45.30% 10.20%

2.3. Measure of the Worry about the Use of Nuclear Energy

The worry about the use of nuclear energy was also measured (Q6). Although it is
named a zero emission solution alternative to RES, it has some well-known risks. Nuclear
energy is considered as a means of increasing the energy securityof a country, but its public
acceptance has greatly decreased since Fukushima [11]. The survey showed that 56.6%
of the Hungarian respondents were relatively unworried or not worried at all, which is
lower than the 63% in the case of the Czech Republic. In Hungary, this is an important
issue due to the Paks2 nuclear power plant project, which is currently under development,
although the construction has not started yet. It is communicated by the government as
a final decision, which has to be realized. Based on our survey, 25.4% of the respondents
were absolutely worried about the use of nuclear energy, compared to the Czech Republic,
where this proportion was only 6.9%.

2.4. Measures of Opinion on Living Standard and Life Satisfaction

“Given that renewables are costly and present a relatively new technology, standard
of living and life satisfaction of the respondents are the other two factors to consider. Both
of them are related to the level of anxiety and fear of new things, which may substantially
influence the acceptance of novel technologies. In addition, the standard of living proxies
for the willingness to pay for the renewables as they are costly.” [5]. Table 2 shows the
results compared to the those of the study carried out in the Czech Republic.
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Table 2. Compared results for Q7 andQ8 [5].

Life Satisfaction and Household Living Standard

Life satisfaction (Q7):1—very satisfied, 5—very unsatisfied

Hungary 35.5% 38.5% 16.8% 7.3% 2.0%
Czech

Republic 15.8% 50.8% 23.6% 8.4% 1.3%

Household Living Standard (Q8):1—very good, 5—very bad

Hungary 18.8% 44.0% 20.8% 5.1% 1.4%
Czech

Republic 9.4% 45.6% 34.0% 9.5% 1.3%

In addition to the previous questions (which were adopted from a Czech survey [5]),
others were also included to apply market research based on big data analyses for study-
ing RESs. The aim was to explorethe knowledge of the wider public concerning tech-
nology. Based on these considerations, the public acceptance of the process of energy
transition was examined first, followed by the awareness of technologies that are already
commonly known.

Q9 and the following questions therefore were not part of the reference survey, but
they were considered to preface Chapter 3, with more specified questions on technology.
Q9 was phrased as follows: “Do you think our life has to be changed in connection with
the energy transition?”. The results for Q9 showed that 81.4% agreed that our lifestyle
has to be changed mildly to dramatically (48.1% and 33.3%) to achieve the aims of the
transition. According to Q10, 79.6% of the respondents were not using renewables, 13.3%
had installed PV system and 5.6% used thermal collectors in their households. In total,
19.9% of all respondents had been rewarded by some external fund for investing in energy
efficiency, which included home isolation, the modernization/replacement of doors and/or
windows, in addition to the use of RESs.

Q11 was concerned with identifying the energy source of the future, here were multiple
choices possible. In total, 77.4% of all respondents named solar energy, 52.8% chose energy
generation from waste, 51%—wind, 43%—geothermal, 30%—fusion energy, while 20–20%
were for nuclear and biomass. It is well-known that Hungary has little potential for
hydropower, so its share in the questionnaire answers was negligible.

Storing energy in amounts that can be considered relevant for residential purposes
is a new area of research and development. However, it is also well-known, that the
use of RESs can not be infinitely increased without in growth in electric energy storage
capacities. Therefore, the survey covered the questions relating to if there was a general
need to multiply the electric storage capacities at a large scale (more than 70% were of this
opinion) and what the future technology could be for that purpose (Q12). In total, 35.2% of
the respondents chose battery storage (multiple choices were allowed), 31.6%—hydrogen
based storage, 28.7%—hydro storage, 14.2% selected methane or natural gas based storage,
and 19.6% opted for electrolyte based systems. Smart grid solutions as decentralized
systems were also an alternative option, with 30% of the respondents choosing it, which
showedthat this was already a technology commonly known by the population too.

Finally, to connect the survey to the following topic in the second part of the research,
it was also asked (Q13) if users would be willing to bear the extra cost of a hybrid PV
inverter (which can be connected to an external battery system). It was revealed that more
than 53% would pay 10% more on theprice if it is prepared for the coming situation where
energy prices will be calculated hourly (it is not known yet when this will start, but some
say within five years in Hungary).

The results showed in general, that the public acceptance for RESs in Hungary is
higher than in Czech Republic (Q1), but the opinion about presumed use is lower (by Q2).

Classic public opinion collecting method based on open survey is a comparable
method for international measurements [5]. In this referred article the conclusions have
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been made, that monitoring of social media channels could extend the recognition of
opinions about RES. The public survey method has its limitation to find the persons
and groups who use RESs and also care about the environment, if we need response for
technology related questions. The following techniques can handle this weakness and can
extend the classic method with standardized data collection and evaluation.

3. Social Media Analysis Based on the Smap Works Big Data Ecosystem

Big data and social media analysis for business intelligence is becoming more andmore
accepted in commercial use. By means of surveys, it is almost impossible to find the people
who use RESs in any form, as could be seen in the current survey, where the share of the
respondents using RESs was only around 20%. Targeted social media analyses, however,
can identify exactly the users who own a specific product and—in an ideal case—even
have an opinion about it. The acceptance of RESs [12], the opinions about a product related
to RESs [13] and even the connection of RESs and climate change [14] can all be measured
by big data sentiment analysis. There is no standardized solution for social media research,
but it can be stated that the following steps are needed to perform a social media analysis:

1. Find data source and integrate data to own database:

# Direct social media API access (Facebook, Twitter, TikTok, etc.);
# Content provider who collects data from various sources (datastreamer, mar-

ketwatch, etc.);
# Web crawling from related sources (blogs, forums, news sites and comments, etc.).

2. Extract quantitative data from text:

# Standard information collected by data provider as date, gender, geotag,
age, etc.,

# Free text statistics collecting numbers and summarizing words for word
cloud visualization.

3. Sentiment analysis with a standardized method;
4. Visualization.

3.1. Solar Market Analysis

Analyzing the inverter market can provide a good estimation about the global solar
market, which accounts for a power of 30 GW a year and growing. According to market
research [15], in 2020, the five biggest inverter manufacturers were: first—Huawei, second—
Sungrow, third—SMA, fourth—Power Electronics (Freesun) and fifth—Fimeras. During
the data collecting period from 1 February 2020 to 31 March 2020, 1008 pieces of documents
were posted with the keyword “inverter” in English on different platforms, with the biggest
share of Twitter, microblogs and news sites (data collection was made by TAD Consulting
Ltd. through datastreamer.org). The result showed that the order did not follow the global
share, as can be seen in Figure 4, which can be the result of brand marketing and the
English language based dataset.

The sentiment analysis was made by using the NLTK tool [16], which is a leading
platform for building Python programs to work with human language data. It provides
interfaces to over 50 corpora and lexical resources, along with a suite of text processing li-
braries for classification, tokenization, stemming, tagging, parsing, and semantic reasoning,
as well as wrappers for industrial-strength NLP libraries.

Documents with available localization data can even be visualized on a map (Figure 5)
to demonstrate the possibilities of a local investigation. Unfortunately, not all documents
were provided with geotags; therefore, it is a reasonable idea to work with larger datasets.
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To verify the results, a test was carried out by using Google Trends, which showed the
average number of hits for worldwide searches as follows: Fronius with 77, Growatt—49,
and Solaredge with 47 hits, for one year back from September 2020, shown in weekly
averages. Figure 6 shows the results of global and Hungarian average searches in a week.
This differs from the social media research greatly, since here only conclusions about
popularity can be made.
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To examine the social media and the additional sources concerning the public ac-
ceptance of new technologies related to RESs and energy transition, data collection was
carried out with the following search terms in English: ((solar AND (storage OR battery))
OR (photovoltaic AND (storage OR battery)) OR (pv AND (storage OR battery))) in the
period from 1 February 2020 to 31 March 2020. It was possible to narrow down searches for
Hungary, but it was not possible to include Facebook in this search, where the local citizens
are more active than on Twitter, so it would result in a low document count. Facebook
data were handled separately as follows in next su-chapter. In this dataset, 29,988 pieces of
posts can be found, divided by five main domains shown in Figure 7.
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Figure 7. Main distribution of sources at technology analysis (storage systems).

From this dataset, the main manufacturers for solar battery package were chosen,
based on Statista [17]. Since one of the most relevant topics of energy transition is storing
the surplus energy and balancing the network, it could be very important to know what
the consumers’ opinion about energy storage is. The biggest manufacturers will lead the
transition as suppliers for automotive industry, as manufacturers of industrial battery
islands and as producers of home storage systems for distributed storage. The current state
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of popularity of the makers can be derived from this 30K element dataset. As it can be
seen in Figure 8, according to mentions, “Tesla” (with Powerwall) has the advantage of
popularity over the others, but the sentiment score, i.e., satisfaction, leader is Victron (NL).
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In our previous work, the European battery market was examined in 2018 [18], where
the leading technologies were highlighted from multiple side (cost, energy density, etc.).
Now, these technologies can be examined in the same previous dataset, in terms of popu-
larity, satisfaction, with the results in Figure 9.
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Figure 9. Number of mentions of the trending battery technologies and their sentiment scores.

In that study, the following PV battery technologies were analyzed asthey are easily
accessible to the public [18]:

• Absorbent Glass Mat (AGM);
• Aqueous Hybrid Ion, AHI—salt water;
• Lithium-Ion, Li-ion (lithium manganese oxide, nickel-cobalt manganese or lithium-

nickel-manganese-cobalt oxide);
• Lithium-Iron-Phosphate, LiFePO4;
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• Olivine-type-Lithium-Iron-Phosphate, Olivine-type-LiFePO4;
• Vented lead-acid battery, OPzS;
• Sealed lead-acid battery, OPzV.

Not all the technologies could be found in the dataset, which shows a lack of interest
in these types.

Here, Lithium-ion technology has the widest popularity but surprisingly lead-acid
and AGM are not much behind. This can be explained by the dataset focusing on solar
storage, where mass and energy density are not very important. According to the previous
study [18], AGM has a significant service cost during its lifetime, which can confirm its low
sentiment level.

3.2. Possible Method of Social Media Analysis Based on Target Groups

The same SmapWorks ecosystem based data mining from the Facebook social media
platform was implemented using scraper technology, in the Python programming envi-
ronment. This was aided by the Ultimate Facebook Scraper software package [19], where
information, posts and comments were processed from public groups. The resulting data
were processed using gender resolution [20] and sentiment analysis [16] with the NLTK
tool. The resulting dataset was indexed into ElasticSearch, for that scripts were created in a
Python environment. With the tools created in this way, the Ad-VitalisLtd.’s SmapWorks
data visualization platform provided assistance in data visualization and analysis. To
monitor target groups, where professionals and competent people discuss their opinions
about RESs (or subtopics such as energy transition or e-vehicles), popular and large groups
need to be identified, where a large count of posts can be analyzed.

As a proof of concept, one large German group was selected with the topic “en-
ergiewende”, which is about energy transition. In the Hungarian language, no target group
was found, which can show a lack of interest at the present time, but in the future they
will surely engage when this topic comes into people’s daily life. The aim of the analysis
of this dataset is similar to Q12 and Q13 in the II./E section, which was set to unveil the
popularity and expectations on future technologies. We call “Energy transition” the process
where renewable energies have to become even more integrated in the energy share of a
country. The aim is to reach 60% of renewable generation and cut CO2 emissions by 80%
relative to 1990. This can only be achieved by stopping using coal and natural gas and
turning to renewables (solar, wind), biomass and waste thermal processing. However, it
can only be reached, if it can be succeeded to store energy in TW scale. The following figure
(Figure 10) shows terms in the “Energiewende” dataset related to the energy transition.
Since it was a relatively small dataset, with 545 posts downloaded from the group, there
are only few appearances of RES terms. Additionally, it can be very informative that the
term itself comes out in a low score text environment, since its sentiment score is the lowest
in the row with −0.037.

Since the dataset of “Energiewende” even in Germany has a small number of posts,
sentiment scores can not be representative in all cases, therefore an another source was also
taken as reference for this type of public analysis for evaluation of the proof of concept.

A Hungarian open group was processed regarding Hungarian Oil company’s (MOL)
LIMO car sharing service, with 4733 downloaded comments, dating back 14 months.
The analysis of this target group of electric vehicles could give a deeper insight into the
technology but the word count showed that more mentions can be found related to the
vehicle brands. Therefore, in addition to the technology sentiment score (electric, battery,
range), the specific brand and competitor sentiments were processed. Fact is, that the MOL
Limo service provides 450 cars—of them 150 were electric cars of three types (BMW i3,
Smart EQ, VW eUp). This presents a great possibility to compare the electric car types
based on the sentiment of the post in which it was mentioned (Figure 11).
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Figure 11. Number of mentions of terms in MOL car sharing Facebook group and their sentiment scores.

In the figure of the car types (i3, smart, e-up), two competitor companies to MOL Limo
from Budapest (Greengo and Drivenow) and some terms (translation: elekromos—electric,
akku, akkumulátor—battery, hatótáv—range) are highlighted. It can be seen that, from the
electric cars, the BMW i3 has the highest popularity and acceptance, while the others are
not much below. The mention of “Limo”—as the brand itself—has a sentiment score of
−0.009, while the competitors have higher rankings. All the data were influenced by the
group itself; in the competitors group, the Limo would most likely have a higher score.

3.3. Standard Social Media Monitoring Proposal in the RES Topic

According to the introduced methods, the following social media monitoring standard
proposal can be made for RESs, based on four steps (showed at the beginning of Section 3).

1. Data source and integration:

• Data source is individual, based on topic behalf of RESs:

i. Wide sources of news portals, blogs, Twitter, Facebook; accessed with
term filtered query;
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ii. Target groups of specific topics from Facebook and/or with Twitter hashtag.

• Google Trends can be used to help identify terms for data query;
• Collection of data serialized, possibly json (can be automatized);
• Migrate data into ElasticSearch database.

2. Quantify data:

• Summarization of tags is provided in ElasticSearch;
• Word count, based on using include-and exclude dictionary.

3. Sentiment analysis:

• Using NLTK as a widely accepted NLP tool with support of over 50 languages
to extract sentiment score.

4. Visualization:

• Visualization based on OpenDistro, a free front-end for ElasticSearch.

The pros of this method are that it only includes free tools such as ElasticSearch, NLTK,
OpenDistro, where all these have strong research backgrounds, user popularity and many
descriptions, and finally the results are fully comparable using them. The cons are that
setting up a working system requires technical knowledge, especially in collecting and
migrating datasets into the system, but there are already existing solutions, as it was shown
in this case. Additionally, NLTK is a general language processing tool that can generate
sentiment analysis, without any deep knowledge, and produce comparable results. To
ensure more sophisticated results, it could be extended with energy related corpora and
shared with the community, to use as standard in language processing in RES datasets.

4. Conclusions

Huge datasets are being generated continuously by social media and these kinds of
solutions can provide a business intelligence method with real time brand monitoring,
alerting and limitless processing with visualization.

In this study, two different methods with three different data sources were introduced
for public knowledge, popularity and satisfaction estimation on RES related topics. A total
of 716 answers were received for the survey, which shows the public acceptance and the un-
derstanding of the wide population about RES related novel technologies. Moreover, based
on the previously collected information, social media research was conducted assessing the
most popular technology related topics, which also covers product types, specifications.
The possibilities of this Big Data system goes beyond the function of a classic survey, but it
is shown here that different types of investigations can be made, with different conclusions.

The first method (the survey) uncovered the Hungarian public relations to RESs
and it was compared to a Czech survey with the same questions. Statements have been
made by comparing the two countries, which show different opinionson RESs. In light
of the answers, strong actions should be taken in government communication, but it can
also be stated that people do believe that future technologies of RESs can replace carbon
based technologies.

The second method with two different data sources has revealed the limits of a smart
Big Data system, which conductsfully automatic data collection, language interpretation with
NLP and otherthings such as geological location visualization or gender designationpossible.

As the result of the different public opinion monitoring methods, the share of the
opinion for a representative population sample related to theRES topic can be provided
and, through social media analysis (SMA), the research can go deeper to monitor specified
groups after interest, age, education, etc. Public opinion polls are standardized, they have
to meet special rules to qualify them as representative but there is no standardization
insocial media research and sentiment analysis yet. Although the investigated methods
are connectedas they arebased on the topic of RESs, SMA alsohaslimitations (the targeting
method, the limited count of target groups, accessing opinions based on interest), and
sopublic surveysshould not be neglected. The currentstudy therefore covers a method for
standardization of this process.
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