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Abstract: The public interest towards renewable and clean energy is an important part of shaping
consumer behavior and policy towards these topics. A “big data” approach towards assessing the
public interest for various topics consists in using freely available search frequency data for the
Google search engine, through the Google Trends service. The search data frequency can be used to
assess public opinion for a variety of topics, such as medicine, climate change and environmental
concerns, finance, and economics etc. A study of the public interest towards wind energy topics is
reported here. Six Google search keywords (“Wind power”, “Wind energy”, “Offshore wind”,
“Wind farm”, “Wind turbine” and “Wind generator”) were investigated in the 2004-2020-time
range. All keywords except “Offshore wind” show a steady decrease from a 2008 — 2010 maximum
up to 2015, followed by a period limited change in the 2015 — 2020 range. The interest towards
offshore wind topics follows a similar trend but increases in frequency starting from 2015 and
reaches a maximum in 2018. Overall, the Google Trends data show a decrease of public interests
towards most wind energy topics, with the exception of “Offshore wind”, for English speaking
users, in the 2004-2020-time range.

Keywords: consumer behavior, Google Trends, wind energy, public interest, environmental mar-
keting.

1. Introduction

The transition from polluting fossil fuel to renewable energy is a major aspect of
addressing climate change. A key parameter affecting both public policy and consumer
behavior towards renewable energy is public opinion [1]. Along with the daunting scale
of climate change and coal as the largest source of global temperature increase [2], recent
research illustrates the possibility of substantial reductions in the emissions of green-
house gases at global scale and significant reductions in the amount of temperature in-
crease by achieving expansion of wind energy installed capacity [3].

Recently, internet search engine volume and frequency of specific keywords has
been shown to be strongly correlated with public interest and participation in political
issues [4].

Many studies have used available Google search data to measure the interest to-
wards numerous topics, including the environment [5], disease outbreaks [6], finance [7],
energy prices [8], precious metals prices [9] etc.

The use of Google search data for assessing public opinion is validated by the fact
that it has the same accuracy as surveys [10].

Of particular note is public interest towards environmental and conservation con-
cerns, which was shown to decrease for most topics, with the exception of climate change
[5]. Even though it would be expected that the public interest towards renewable energy
is increasing, as it is an important component of addressing global warming, we have
recently shown that it is not the case for solar energy [11].
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The “Green energy” search keyword was also shown to have a slight decrease in
frequency starting from ~2010 [12]. The interest towards renewable energy for US
household energy consumers was assessed using Google Trends [13].

The study found that the “renewable” Google keyword has a strong and negative
correlation with energy consumption, showing that interest in renewable energy is a
major factor affecting electricity use at individual household level.

Here, the public interest towards wind energy is assessed by using Google search
frequency, freely provided through the Google Trends service. This study looks at Eng-
lish search keywords associated with wind energy and it encompasses the
2004-2020-time span. It is worth noting that the public interest towards wind energy
concerns has not been studied using Google search data thus far.

2. Methods

Search query data was freely obtained from the Google Trends website
(trends.google.com). Each time series contains monthly values from 2004 to present
(January 2021) indicating the popularity of a given search time. The search data was ob-
tained using the “Worldwide” setting, which corresponds to the total Google search
volume.

The data is scaled with respect to total searches performed in a given location and
time interval [14]. Furthermore, the data points belonging to a time series are normalized
between 0 and 100 with respect to the highest point.

Each data point provided by the service corresponds to a week of search data.
Google Trends does not report data below a minimum number of monthly searches (e.g.,
50). It is important to use multiple related keywords to assess the interest towards a given
topic, since keyword popularity might change over time or a specific term might be used
for unrelated topics [5, 10].

In the present study, six keywords were selected in order to investigate the public
interest towards wind energy: “Wind power”, “Wind energy”, “Offshore wind”, “Wind
farm”, “Wind turbine” and “Wind generator”.

In order to assess the consumer-related interest towards small-scale wind power
installations, related search keywords containing “small”, “home”, “for home”, “kit” or
“diy” queries were also included.

Finally, it is worth noting that although Google Trends data is both scaled and
normalized, it does not consider changes in the language preference of the users. To ac-
count for this effect, the usage of 3 very common English words, “the”, “of”, “and”, was
also investigated and used to create a baseline.

3. Results and discussion

The data provided by Google Trends can be used to assess the public interest to-
wards a specific topic, since it is proportional to the search frequency for a given keyword
during a specific time range.

Even though the data is normalized between 0 and 100, Google Trends provides an
option to compare up to five keywords on the same scale: i.e., all five-time series are
normalized relative to the highest data value present.

The Google Trends data therefore considers changes in search volume. To account
for the changes in user language preference, a baseline consisting of common English
words can be used (Figure 1).

This baseline was constructed as the sum of the “The”, “Of” and “And” keyword
values, renormalized between 0 and 100 (Figure 1). All three common English keywords
as well as their sum exhibit a similar behavior, with maximum values at the beginning of
the investigated time range, followed by decline up to 2008 and relatively constant levels
since then. This data can be understood as an increase in non-English users from 2004 to
2008, followed by a relatively stable fraction of these users since.
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All baseline data shows monthly variations which follow the same trends. Local
minima of search volumes can be noticed for the summer months (June, July, August)
and December, which can be correlated with the traditional summer and winter vaca-
tions and holidays in the northern hemisphere.
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Figure 1. Normalized Google search data of common English words A) “Of”, B) “The”, C) “And”
and D) the baseline constructed by renormalization of their sum.
Source: Baseline calculations

The time series corresponding to the six keywords associated with wind energy are
presented in Figure 2. Each time series is normalized with respect to its maximum value,
but not with respect to the changes in Google search engine use.

All keywords except “Offshore wind” show a similar pattern, with maximum values
in the 2008-2010-time range. “Offshore wind” is an exception here, having a local max-
imum value in 2010-2011.
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Figure 2. Google search data for six wind energy keywords — The data does not consider changes in
language use.
Source: Baseline calculations
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All six keywords exhibit decreasing frequency after their period of maximum val-
ues. Again, “offshore wind” search term is an exception. While the interest for this term
decreased after its 2011 local maximum, the frequency of the keyword has increased from
2015 to 2020.

The effect of changes in search engine use is considered in Figure 3.
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Figure 3. Google search data for six wind energy keywords, renormalized with respect to changes
to Google search engine use, such as English language preference.
Source: Baseline calculations

The time series for each keyword were constructed by dividing each data point to
the baseline value for the same month, followed by renormalization. A similar behavior
can be noticed for the renormalized time series, showing that changes over time in
Google search engine use to not qualitatively affect the results.

Thus, all keywords present a period of maximum frequency in the 2008-2011-time
range, followed by gradual decline.

The only exception is again “Offshore wind”, for which the search frequency in-
creases starting with 2016. This could be explained by the fact that this technology is rel-
atively new, with the first operating offshore wind power plant being installed in 1991
[15].

Google search data shows a significant month-to-month and seasonal variations,
which are similar each year. This effect can even be noticed for the baseline common
English words.

Yearly values were computed for each keyword, using the baseline corrected values.
The annual values show the same trend as the month-to-month data, with maximum
values in 2008 or 2009 for most keywords and in 2010 for “Offshore wind” (Figure 4).

All keywords decrease in search frequency from their maxima during the 2009-
2014-time range. Four out of six keywords maintain relatively stable search frequency in
the following 2015-2020-time interval, showing a slight upward trend starting from 2018.

However, both “Offshore wind” and “Wind farm” search terms increase in the
2015-2020-time interval, with the “Offshore wind” keyword having 2% more search
volume in 2019 as compared with the local maximum of 2010.
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Figure 4. Annual search volume of the six wind energy keywords
Source: Baseline calculations
In order to better understand the changes in Google search volume for the wind
energy keywords, it can be useful to look at installed wind energy capacity. The annual
installed capacity for onshore and offshore wind generators, as well as the total annual
installed capacity was obtained from the Global Wind Energy Council, which publishes
yearly data (Figure 5) [16].
= : 7 C. Annual cffsh =
o A Ll . ANnual o ore
% o B = = + D. Total offshore c .40 %
< 601 - * 95- " el35
."? i i . ) = é“
g " A 'S 5+ . 30 %
aQ i © " =D o
@ 40 a2 B8 S 4 L25 &
b & o . . o
3 o 3. 120 ©
L . 53 ‘ 2
@ = L
B 201 . £ 2 Lt 153
= . &= S 10 £
o . » AOnshore | © | « "0 e ©
=3 5 . " « 5 ks}
., = B. Total Z20d= = = .. S
< th‘ Q@; ' 6\i Qé Qc; \0‘ '\y\l '\rlv '{bl p\b“ \(; \Q‘) '<\I '\%I '\%I (LBI é 7 .I T T 7 T T T T T T T T T T T T O
P AP AP AP P PR AR AR AR AR AR AR D P P P F PP PR AD DD D 100 K DD D
ey e PPPRPFT PP PP PP PP PP P PP
y Time (year)

Figure 5. Annual installed capacity of A) onshore and B) total wind capacity, C) annual installed
offshore wind capacity and D) total installed offshore wind capacity.
Source: Annual installed wind capacity calculations

The annually installed total and onshore wind capacity (Figure 5 A, B) follows the
same trend, as onshore wind generators make up ~90% of total installed wind capacity.

Three distinct time ranges can be constructed based on the rate of newly installed
wind capacity: a) 2004 — 2009 is a period of increased wind capacity, with an average rate
of increase of 36 + 6 % per year for both onshore and total capacity; b) 2010 — 2018 marks a
period of slower growth and higher variability, with an average change of 4 + 19 % per
year, and c) 2018 - 2020 shows the resumption of annual installed capacity growth at a
rate of 18 + 2 % per year.

Interestingly, these three distinct regimes of installed capacity change for both on-
shore and total wind energy are reflected in the Google search volume for the six key-

words. Offshore wind is a newer technology, reaching 2 GW of total installed capacity
only in 2009.
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Two distinct regimes of annual installed offshore capacity can be noticed (Figure 5
C): a period of linear growth at 0.7 + 0.5 GW per year during 2006-2014 and a regime of
faster increase between 2014 and 2020, at 4.1 + 1.8 GW per year. The period of faster
growth roughly corresponds to the increase of search frequency for the “Offshore wind”
and “Wind farm” keywords (Figure 4 D, E) starting from 2015.

The relative frequency of the maximum values for each keyword was computed
over the 2004-2020-time range (Figure 6 A). “Wind energy”, “Wind power” and “Wind
turbine” make up most searches related to the wind energy topic, having 28.0 %, 26.0 %
and 25.2 % of the total search volume, respectively.

The ”Offshore wind” keyword has only 3.2 % of the total search volume, which is
comparable to the fraction of installed offshore wind capacity from the total installed
wind capacity, at 4.9 %. The total weighted sum of the six keywords was also computed
(Figure 4 B). Since the keywords with the largest decrease from 2004 to 2020 are the most
frequent, the aggregate sum follows their behavior.

A 2008 maximum can be noticed for the aggregate sum, followed by gradual decline
up to 2016. Thus, most the individual keywords and their aggregate sum show the de-
cline in search frequency for wind energy topics from their 2008 maximum, indicating
decreased public interest towards this topic. The sole exception is represented by the
“Offshore wind” keyword, which has garnered increased interest and search volume

starting from 2015.
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Figure 6. A) Relative frequency of the six keywords, and B) The normalized sum of the six wind
energy keywords.
Source: Keyword frequency normalization calculations

Google Trends data also contain information about the geographical distribution of
the search frequency (Table 1). Even though the data is biased towards English speaking
countries [17], the interest towards wind energy spans the globe, with both developed
and developing countries occupying top 10 positions.

The data shows a global interest towards wind energy. As expected, countries with
high wind potential (e.g., Ireland, Denmark, UK, New Zealand etc.) occupy top 10 search
positions for multiple wind energy keywords.

We have recently investigated the public interest towards solar energy using the
same methodology and found that while the interest towards large-scale solar installa-
tions is decreasing, the interest towards small-scale solar energy is increasing (Per-
ju-Mitran &. Mitran, 2018).

In order to check if a similar trend is present for wind energy, we have obtained the
data for composite keywords also containing the “small”, “home”, “for home”, “kit” or
“diy” search terms (Figure 5).
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Table 1. Geographical distribution of the top 10 countries for each search keyword — Numbers in
parenthesis represent the search percentage for each country.

Wind energy Wind power Wind turbine Offshore wind Wind farm Wind generator
Denmark Denmark Australia
Ethiopia (100%) Ireland (100%) Ireland (100%)
(100%) (100%) (100%)
United
Trinidad & New Zealand
Ethiopia (71%) Jamaica (79%) Norway (79%) Kingdom
Tobago (89%) (92%)
(72%)
United Kingdom Australia South Africa
Jamaica (73%) Australia (52%) St. Helena (73%)
(79%) (68%) (82%)
New Zealand United Kingdom
Ireland (68%) Canada (50%) Jamaica (57%) Ireland (73%)
(73%) (55%)
South Africa New Zealand
Kenya (48%) Denmark (63%) Ireland (38%) Canada (70%)
(54%) (55%)
) New Zealand ] Netherlands St. Helena United States
India (50%) Australia (60%)
(47%) (36%) (49%) (67%)
) United Kingdom ] South Africa o
Australia (50%) Canada (58%) Singapore (28%) Philippines (55%)
(43%) (35%)
South Africa Denmark United Kingdom
Canada (47%) Sri Lanka (42%) South Korea (27%)
(55%) (33%) (52%)
United States South Africa United States )
Belgium (23%) Canada (26%) Greece (51%)
(45%) (40%) (54%)
United Kingdom . United States
(41%) Ireland (39%) Singapore (41%) Germany (20%) (22%) Norway (43%)

Source: trends.google.com

Unlike solar energy, the keywords related to small-scale wind power show a similar
trend with their parent keywords, decreasing after a 2008-2010 maximum (Figure 7).
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Figure 7. Google search data for selected keywords containing terms related to small-scale wind

power use for the A) “Wind energy”, B) “Wind power” and C) “Wind generator” keywords
Source: trends.google.com

During the investigated timeline, the highest overall interest towards keywords re-
lated to small-scale wind power is shown slightly by the “Wind generator” keyword.
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4. Conclusions

The public interest towards wind energy was assessed Google search data provided
by the Google Trends service, in the 2004-2020-time range. The novelty brought by the
present study lies first in using a novel method towards assessing public interest towards
such a topic as wind energy, towards which there have been rapidly evolving attempts in
expanding penetration, in the context of global aspirations, and regional policies.

Six English search engine keywords related to wind energy were investigated. All
keywords related to onshore wind power follow the same pattern, with a period of in-
creasing frequency reaching maximum values in 2008-2011, followed by decline up to
2017. Only the “Offshore wind” keyword shows an increase in search frequency from
2015 onwards, reaching its maximum value in 2018. The same results are valid when
correcting for changes in the search engine’s language preference.

As the investigated keywords are in English, the geographical distribution of search
frequencies is biased towards English speaking countries with high internet connectivity.
Nonetheless, the results show global interest towards wind energy topics from both de-
veloped and developing countries.

Public interest towards a given topic influences both consumer behaviour and pub-
lic policy. Even though the global installed wind power has increased between 2004 and
2020, our results show that the public interest towards this topic has decreased, having
lower overall values in 2020 than in 2004. The only exception is the “offshore wind”
search keyword, which has reached in maximum value in 2018. However, the search
volume for this specific keyword in 2018 is only 2 % higher than in 2010. The increased
public interest towards offshore wind power can be understood through the fact that
offshore wind technology is newer and that installed offshore capacity has increased
drastically in the 2010 — 2020 decade. This suggests that more action must be undertaken
to raise public awareness and support towards renewable energy such as wind.

Future studies of this type with the potential to bring added value to our research
topic may be directed towards comparisons between wind and other renewable energy
topics and their respective keywords.
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