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Publishable Summary
The first surveys about acceptance and perception of using genetically modified (GM)
microalgae for biofuel production were carried out within the Photofuel project. Current use
of fossil fuels within the energy sector considerably contributes to resource depletion and
climate change. It is crucial to develop pathways for sustainable fuel alternatives. Algae and
algae by-products are a promising option, but they still cannot economically compete with
fossil fuels. Nowadays, genetic engineering technologies are being investigated as a smart
solution to improve the productivity and the harvest of algae and algae by products for fuels.
A first survey addressed to experts in the European Union (EU) working in the fields of
microalgae, biofuels, environment and genetics was conducted in order to investigate their
opinion and concerns about the Photofuel technology. Insights about using GM microalgae
biofuel in contrast to fossil fuels, established biofuels and wild type microalgae are presented.
The expert’s survey scored 130 valid responses from all over the EU on 16 different questions.
The findings show that gaining insights in the opinions of experts and stakeholders towards
GM microalgae can contribute to develop feasible socio-technical microalgae systems for
biofuel production and to (re-)design the processes and adapt the frame conditions towards
a higher acceptability of genetically engineered microalgae.
A second survey addressed to EU citizens was conducted to analyze their opinions about the
Photofuel technology since only technologies accepted by the public can become valuable for
the society; and objective risks and risk perception of next generation technologies are often
very different. The citizen’s survey scored 417 valid responses all over the EU on 16 different
questions. The results and analysis of this study reveal the values, belief and expectations of
the public interlinked with the production of this fuel, providing clues on how to improve the
design of algal processes towards a higher acceptability for a further societal embedding of
fuel production with microalgae.
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1. Introduction
Sustainable liquid biofuel alternatives are being deeply investigated since some decades to
development alternative pathways to replace the use of fossil fuels for future mobility
(Schenk, Thomas-Hall et al. 2008). Because of research and development in the past years,
higher yields of fatty acids have been achieved by different cultivation strategies using natural
algal strains such as Tetraselmis suecica and Nannochloropsis oculata (Tredici, Bassi et al.
2015, Zavřel, Szabó et al. 2018). Nevertheless, algal biofuels produced in a classical way still
cannot economically compete with fossil fuels (Galarza, Delgado et al. 2016, Barsanti and
Gualtieri 2018). Ketzer, Skarka et al. (2018) concluded in their review that a higher energy
return of investment (EROI) could be achieved from a biological point of view by enhancing
the efficiency of photo-conversion, which would lead to higher yields of energetically usable
metabolic products and thus to an increase in energy yield per hectare.
Thus, genetically modified (GM) microalgae are seen as a major research advance towards the
feasibility and commercialization of algae-based biofuels (Galarza, Delgado et al. 2016,
Efroymson, Dale et al. 2017). Precise CRISPR/Cas9-based genome editing of industrial algal
strains such as Nannochloropsis, which accumulate fatty acids under nitrogen deprivation as
a source of plant-like oils for biofuel production have been conducted by Wang, Lu et al. (2016)
opening opportunities for microalgae-based biotechnological applications. Metabolic
engineering of Chlamydomonas reinhardtii was presented as an option to be optimized for
biofuel production, due to the achievement of higher yields of terpenoids (Wichmann, Baier
et al. 2018). Recently, a joint study also pointed Chlamydomonas reinhardtii as the next chassis
for sustainable synthetic biology (Crozet, Navarro et al. 2018). Furthermore, protein
engineering has been recently used to enhance isobutanol production in the unicellular
cyanobacterial strain Synechocystis PCC 6803 (Miao, Xie et al. 2018). The release of biofuel
precursors to the culture broth for direct separation without cell harvesting has been
thoroughly investigated in the Photofuel project (www.photofuel.eu). Genetic engineering of
microalgal strains for enhanced or modified metabolic activity shows great promise for
biotechnological exploitation; however, raises environmental and human health concerns
that may affect their future use. How these concerns are met, will play a key role in ensuring
how successful commercialisation of GM microalgae is achieved, including their application
for biofuel production (Beacham, Sweet et al. 2017).
Therefore, the question emerges, under which conditions and risk-benefit ratio, large-scale
application of genome-engineered microalgae would be feasible? The present work aims to
give insights into the opinions and concerns of EU experts and stakeholders and the possible
attitudes of EU citizens on the acceptance of the use of genetically engineered microalgae
for the production of biocatalytic solar biofuels, from here on named Photofuel.
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2. Method
Two different surveys were done to analyze the perception of the Photouel technology, the
first one was addressed to EU experts and the second one was addressed to EU citizens.

2.1 Survey addressed to EU experts
2.1.1. Questionnaire design and data collection
An online survey was designed and performed with a web-based questionnaire using the
platform www.soscisurvey.de. Well-known experts in the fields of algae, biofuels, genetics
and environment as well as stakeholders, such as non-governmental organizations (NGOs),
were invited to participate via e-mail; these persons were asked to forward the questionnaire
to other stakeholders from the fields of interest aiming the snowballing effect mentioned by
Almeida, Rösch et al. (2018). Further participants were recruited via professional business and
research networks (Xing, LinkedIn, ResearchGate). The survey was conducted between
September and November 2017.
Data was gathered using the developed questionnaire, which was reviewed by experts of the
Photofuel project consortium and was verified in a pre-check conducted with test persons for
its applicability and comprehensibility. This questionnaire comprised five main sections (see
Figure 1):
(1) Section 1. Sociodemographic questions with regard to gender, age, educational level,
country of residence, as well as experience in the algae industry and working field data.
(2) Section 2. Perceptions of expected benefits and risks of Photofuel: data about the
opinion regarding the expected benefits of Photofuel among fossil fuels, established
biofuels and natural microalgal biofuels as well as their opinion regarding general risk
of power sources used for mobility of the future.
(3) Section 3. Perceptions of social acceptance of Photofuel: data about the opinion
regarding the social acceptance of Photofuel, beliefs about the improvement of public
acceptance in the case of using gene-editing techniques, and about regulating geneediting techniques as genetically modified organisms (GMOs).
(4) Section 4. Personal attitude as consumers: data about personal attitude towards being
potential final consumers of Photofuel, as well as the willingness even to pay more
money in cases of having some advantages of Photofuel regarding higher engine
performances with respect to established biofuels or environmental advantages with
respect to fossil fuels.
(5) Section 5. Personal opinions on strategies to improve public acceptability of Photofuel:
data about which strategies and measures would be appropriate to improve public
acceptance of Photofuel.
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Figure 1. Overview of variables and the statistic tests performed to find statistical relationships in the
data from the experts’ survey.
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2.1.2. Data analysis
The survey portal automatically saved responses; no duplicated responses were collected due
to a specific link of the questionnaire that could only be used one time in an electronic device.
The automatically created databases were exported in Microsoft Excel and SPSS files for
further statistical analysis. Data analysis was carried out in two steps:
(1) descriptive statistical analysis, and
(2) inductive statistical analysis.
Descriptive statistic was performed and presented by using Microsoft Excel and RStudio.
Inductive statistic was performed by using IBM-SPSS.25. Figure 1 summarizes and gives an
overview of the variables and the statistic tests performed to find relationships between them.
Correlations between sociodemographic ordinal variables and opinion nominal variables were
completed by using the Spearman´s rank correlation coefficient with SPSS software. The
correlation coefficient can range in value from −1 to +1. The larger the absolute value of the
coefficient, the stronger the relationship between the variables. Due to the lack of significant
number of respondents of some EU countries, no inductive analysis was carried out for the
variable “Country-Specific”.
Correlations between sociodemographic variables and opinion nominal variables were carried
out by using the Chi-Square test of independence with SPSS software. Chi-square test shows
if there is a significant relationship between variables, but it does not say how significant and
important this is. Cramer's V is a post-test to give this additional information. In the cases
where p-values obtained from Chi-tests were lower than 0.05 additional Cramer´s V test was
done in order to see the strength of the relationships. Cramer´s V values were interpreted
following the rule of thumb where:
(1) values <0.10 indicate weak relationships,
(2) values between 0.10 and 0.30 indicate moderate relationships, and
(3) values >0.30 indicate strong relationships.
Fisher´s test was carried out in cases of having two dichotomous categorical variables.

2.2 Survey addressed to EU citizens
2.2.1. Questionnaire design and data collection
An online survey was designed and performed with a web-based questionnaire using the
platform www.soscisurvey.de. Citizens from the European Union (EU) were invited by social
network platforms (e.g. Facebook, Instagram, Twitter, Whatsapp). Participants were asked to
forward the questionnaire to other citizens aiming the snowballing effect mentioned by
Almeida, Rösch et al. (2018).
The EU citizen survey was conducted between May and August 2018. Native speakers
translated the questionnaire from the original version in English into five different languages:
Spanish, French, Italian, Portuguese and German. It has been assumed that the Nordic EU
countries (Denmark, Sweden, Finland and Norway) have such a high language competence in
English that a translation is not necessary.
D6.5 Assessment of risk perception

page 10/38

Data was gathered using the developed questionnaire, which was reviewed by experts of the
Photofuel project consortium and was verified in a pre-check conducted with test persons for
its applicability and comprehensibility. This questionnaire comprised six main sections (see
Figure 2):
(1) Section 1. Sociodemographic questions regarding gender, age, educational level,
country of residence, current city size, as well as if respondents had children and their
current employment status data.
(2) Section 2. Knowledge: data about the familiarity of respondents with microalgae and
genetically modified organism (GMOs).
(3) Section 3. Intention to support or reject Photofuel technology: data about
respondent’s opinion if production of Photofuel by using GMOs should take place and
their general rate of Photofuel technology.
(4) Section 4. Feelings about having a neighboring Photofuel plant: data about positive
and negative feelings evoked in case of having a Photofuel plant built up near their
current residence place.
(5) Section 5. Perception of risks of Photofuel: data about the opinion of respondents
regarding general risk of power sources used for mobility of the future.
(6) Section 6. Personal attitude as Photofuel consumers: data about respondent’s
personal attitude towards being potential final consumers of Photofuel, as well as their
willingness to pay more money in cases of having some advantages of Photofuel
regarding higher engine performances with respect to established biofuels or
environmental advantages with respect to fossil fuels.

2.2.2 Data Analysis
The survey portal automatically saved responses; no duplicated responses were collected due
to a specific link of the questionnaire that could only be used one time in an electronic device.
The automatically created databases were exported in Microsoft Excel and SPSS files for
further statistical analysis. Data analysis was carried out in two steps:
(1) Descriptive statistic was performed and presented by using Microsoft Excel, and
(2) Inductive statistic was performed by using IBM-SPSS.25.
Figure 2 gives an overview of the variables and the statistic tests carried out to find statistical
relationships in the data from the citizens’ survey. All opinion ordinal variables were ranked in
a 5 Point Likert scale (Likert 1932).
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Figure 2. Overview of variables and the statistic tests performed to find statistical relationships in the
data from the citizens’ survey.

Kruskal-Wallis test was performed to see if there was a significant variation of the answers
between the different EU countries; it indicates whether at least one of the multiple samples
is significantly different, but does not reveal which sample or group is different. Although,
clear and comprehensive reference sources on post-hoc tests after Kruskal-Wallis are hard to
find, in the cases where Kruskal-Wallis test were significant, the post-hoc test Tukey Kramer
used for unequal sample sizes was chosen.
Correlations between sociodemographic ordinal variables and opinion ordinal variables were
completed by using the Spearman´s rank correlation coefficient with SPSS software. This
correlation coefficient can range in value from −1 to +1. The larger the absolute value of the
coefficient, the stronger the relationship between the variables.
Correlations between sociodemographic ordinal variables and opinion nominal variables, and
correlations between sociodemographic nominal variables and opinion ordinal and nominal
variables were carried out by using the Chi-Square (χ2) test of independence with SPSS
software. Chi-square test shows if there is a significant relationship between variables (pvalues < 0.05), but it does not indicate how significant and important this is. Cramer's V is a

D6.5 Assessment of risk perception

page 12/38

test that measures the association between the variables indicating the strength of the
relationships. Cramer´s V values were interpreted following the rule of thumb where:
(1) values <0.10 indicate weak relationships,
(2) values between 0.10 and 0.30 indicate moderate relationships, and
(3) values >0.30 indicate strong relationships.
Fisher´s test was carried out in cases of having two dichotomous categorical variables.
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3. Results
3.1. Results from the EU expert survey
The survey scored 130 valid responses from all over the European Union on 16 different
questions.

3.1.1. Descriptive statistical analysis
3.1.1.1. Sociodemographic profile of the respondents
The sociodemographic profile of the respondents (Figure 3) shows a high involvement of
males (78%) in the survey. The majority of the respondents had a high educational level: 62%
had a PhD, and from the others only 6% did not have a university degree. A large number of
them had experience in the algae industry (71%). Most of the respondents worked in
education or academia (51%), followed by industry, consulting or management (33%). The
majority of respondents (73%) were between 31 and 61 years old. Answers from many EU
countries were recorded, although a lack of significant number of respondents of some
countries was observed.
Plots from RStudio (not shown) exposed two main groups; the most noticeable one belonged
to the education or academia working field, in the age group of 31 to 60 years old. The second
one belonged to industry, consulting or management field, to the same age group. In both
situations, most of them were males, although the amount of females was more important in
the education or academia group.
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Figure 3. Sociodemographic data of the respondents of the EU expert survey (absolute numbers in
brackets).
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3.1.1.2. Perceptions of benefits and risks of Photofuel
The results indicate that most respondents perceived that the expected benefits of Photofuel
were high in contrast to fossil fuels, established biofuels and even to natural algae biofuels
(Figure 4). They were noticeably higher when they were compared to fossil fuels, especially in
the options referred to environmental issues. In the case of the expected benefits of Photofuel
among established biofuels the highest agreement level was for “No competition with food
production”, the least one was for “Superior engine performance”, but in this case the highest
number of “do not know” answers was also observed. The expected benefits of using genome
modified algae instead of natural strains are also significant, being the “improvement of
economic feasibility” and “the improvement of productivity” the most supported options.
When respondents were asked about the choice of replacing fossil fuels at least partially with
Photofuel in order to have less limited resources and climate change, their answer tended to
be high (31% totally agreed and 40% rather agreed), indicating that partially replacing fossil
fuels with Photofuel could positively be an option to struggle climate change.

Figure 4. Perception of respondents of the EU expert survey about expected benefits of Photofuel
among fossil fuels, established biofuels and natural algae biofuels.
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Considering the perception of general risks (i.e. health, environment and accidents) of
different fuels and power sources that could be used for future mobility, 92% of the
respondents indicated fossil fuels as the most alarming case, followed way behind by
established biofuels (48%) (Figure 5). Most of the respondents (92%) considered wind
power, hydropower and solar photovoltaic power as the most harmless options, followed by
80% of the respondents believing that Photofuel would also be a harmless alternative. The
relatively higher amounts of “prefer not to answer” replies were observed for Photofuel
(5%) and Hydropower (4%), indicating that people are less informed about these topics.

Figure 5. Perception of respondents of the EU expert survey about general risk of future mobility fuels
or power sources.

3.1.1.3. Perceptions of social acceptance of Photofuel
Respondents believe that Photofuel will have a medium (50%) to high (11%) social general
acceptance in the EU, although still a relative high percentage thinks the opposite (Figure 6).

Prefer not to answer (4) 3%
High acceptance
(14) 11%

No acceptance (8) 6%
Low acceptance
(39) 30%

Medium acceptance
(65) 50%

Figure 6. Opinion of respondents of the EU expert survey about general social acceptance of Photofuel
in the EU, absolute amounts are in brackets.

D6.5 Assessment of risk perception

page 17/38

After asking if this acceptance would change if gene-editing techniques with no foreign genes
were used, an average perception between no difference (38%) and a slightly higher
acceptance (35%) was obtained (Figure 7).
Do not know
(11) 8%
Noticeably higher
(19) 15%

Lower (5) 4%

No difference
(49) 38%

Slightly higher
(46) 35%

Figure 7. Opinion of respondents of the EU expert survey about the improvement of acceptance of
Photofuel due to the use of gene-editing techniques (absolute numbers in brackets).

Respondents were asked about their opinion if small genetic changes achieved by geneediting techniques should not fall under current GMO regulations. A clear difference of
opinions was observed (Figure 8), although 53% gave a positive answer, 36% gave a negative
answer and 11% preferred not to answer this question.
Prefer not to answer
(14) 11%
Totally agree
(32) 25%

Totally not agree
(13) 10%
Rather not agree
(34) 26%

Rather agree
(37) 28%

Figure 8. Opinion of respondents of the EU expert survey about not regulating gene-editing as GMO
(absolute numbers in brackets).
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3.1.1.4. Attitude as consumers
The majority of the respondents (72%) would be final consumers of Photofuel, while 18% did
not know and 10% answered negatively. The willingness of spending more money for
Photofuel if better engine performance than with established biofuels can be achieved, and
environmental advantages compared to fossil fuels will be attained is shown in Figure 9. If
Photofuel could achieve better engine performances, 21% of respondents answered they
were willing to pay 5 to 10% more money, but the same percentage answered they were not
going to spend more money and finally the same percentage answered they do not know how
much more money they would spend. In case biofuels would have environmental advantages
with respect to fossil fuels, the highest percentage of respondents (32 %) answered they were
willing to spend 5 to 10% more money. If compared with the previous case, respondents who
answered negatively were significantly less. Besides, there were less respondents who did not
know the amount of extra money they would be willing to spend. In general, for the higher
ranges of money spent, it seems, people are more interested in environmental care than in
getting better engine performances when replacing fossil fuels with Photofuel.

35%

Higher engine performances than
established biofuels

32%

30%

Enviromental advantages with respect to
fossil fuels

Respondents

25%
20%

21%
16%

15%
10%
5%
0%

14%
12%
8%

22%

21%

8%

15%
12%

10%
7%
3%

Yes, <5% Yes, 5%-10% Yes, 10%20%

Yes, >20% Yes, do not
know how
much more

No

Prefer not to
answer

Figure 9. EU expert´s survey respondent´s opinion about their willingness to spend more money on
Photofuel if better engine performances than those for established biofuels were achieved, and if
environmental advantages compared to fossil fuels were attained.
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3.1.1.5. Suggestions of the respondents
Respondents were asked about how to improve social acceptance of Photofuel (Figure 10).
The most selected options were to clearly communicate the risks and benefits of genome
engineering technology (62%), to have clear evidence of benefits (61%), and to use closed
production systems with high security standards (59%). The second place options were to
carry out rigorous risk assessments of GM algae, involving scientists with minimal conflicts of
interest, independent peer review, and public participation (54%), and to achieve higher or
same economic benefits than using fossil fuels (48%). The options with lowest interest were
the use of genetic markers in order to identify the presence of genetic engineered algae as
well as the flow of a particular genome engineered trait, if release to the environment, and
the necessity of regulations before any genome engineered species is implemented. However,
the percentages for these options were not low, 30% and 24% respectively.

Figure 10. Suggestions of the respondents of the EU expert survey about on how to improve social
acceptance of Photofuel.

3.1.2. Inductive statistical analysis
Inductive statistical tests were done to seek for possible relationships between the variables
as shown in Figure 1. Only statistically significant results (p-values < 0.05) are shown in the
tables 1 to 3.
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Table 1. Correlation coefficients and p-values between sociodemographic ordinal variables and opinion
ordinal variables of the opinions of respondents of the EU expert survey.

Sociodemographic
ordinal variables Opinion ordinal variables
Age

Educational level

Spearman‘s
rank order
coefficient

p-value

Expected benefits of Photofuel respect to established biofuels
Less environmental impact

-0.17

0.025

Reduced GHG emissions and climate change

-0.19

0.023

Expected benefits of Photofuel respect to established biofuels
Less environmental impact

0.02

0.044

Reduced GHG emissions and climate change

-0.03

0.001

New rural jobs

0.06

0.040

-0.03

0.021

Expected benefits of Photofuel respect to natural strains
Require less energy

Spearman´s rank correlation coefficients between sociodemographic ordinal variables and
opinion ordinal variables are shown in table 1. Although some p-values lower than 0.05 were
found indicating that the relationships are statistically significant, none of the spearman
correlation coefficients had high values, indicating weak relationships between the variables.
These weak relationships were the following:
(1) The younger the respondents the more they agreed about having as expected benefit
of Photofuel respect to established biofuels less environmental impacts and reduced
greenhouse gas emissions and climate change.
(2) People with higher educational level agreed more about having as expected benefit of
Photofuel respect to established biofuels less environmental impacts and new rural
jobs.
(3) People with higher educational level were more sceptic about having as expected
benefit of Photofuel respect to established biofuels reduced greenhouse gas emissions
and about having as expected benefit respect to natural strains a reduced energy
demand.
Table 2 shows only p-values <0.05 after Chi square test done between sociodemographic
ordinal variables and opinion nominal variables, and their respective Cramer´s V values.
Following the thumbs rule for the interpretation of Cramer´s V values, the following moderate
relationships (Cramer´s V values >0.1 and <0.3) were found:
(1) Respondents older than 31 years seemed to have a higher acceptance to use new
precise genome editing tools instead of traditional genome engineering.
(2) Respondents younger than 30 and older than 60 years old (77%) believed that the use
of closed production systems with high security standards should be a priority.
(3) A tendency was observed, the higher the educational level of respondents was the
higher willingness they had to be final Photofuel consumers, but also the quote of
D6.5 Assessment of risk perception
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respondents that did not know how to answer this question increased with the
educational level.
(4) Respondents that never were active in the algae industry and respondents with more
than 10 years of experience in the algae industry showed a lower tendency of
willingness to be final Photofuel consumers. The main difference between these two
groups was that the respondents that never were active in the algae industry also had
a greater percentage that did not know how to answer the question.

Table 2. Chi square test correlations (p-values < 0.05) and Cramer´s V values between
sociodemographic ordinal variables and opinion nominal variables of the opinions of respondents of
the EU expert survey.

.Sociodemographic

χ2 test
(p-value)

Cramer´s V

Closed production systems with high security
standards

0.041

0.221

Use of new precise gene editing tools instead of
traditional genome engineering

0.044

0.220

0.037

0.251

0.004

0.346

0.024

0.236

ordinal variables

Opinion nominal variables

Age

Suggestions to improve general social acceptance

Educational level

Personal attitude as final consumer
Opinion about being final consumer of Photofuel
Suggestions to improve general social acceptance
Clear communication of risks and benefits of
genome engineering technologies

Experience in algae
industry

Personal attitude as final consumer
Opinion about being final consumer of Photofuel

The only strong relationship (Cramer´s V value >0.3) that was found was the following:
Respondents with higher educational level gave more importance to a clear communication
of risks and benefits of genome engineering technology.
Table 3 shows only p-values <0.05 after Chi square test done between sociodemographic
nominal variables and opinion ordinal variables, and their respective Cramer´s V values.
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Table 3. Chi square test correlations (p-values < 0.05) and Cramer´s V values between
sociodemographic nominal variables and opinion nominal variables of the opinions of respondents of
the EU expert survey.
Sociodemographic
nominal variables Opinion nominal variables
Gender

Cramer´s V

0.034

0.285

General risk perception of fuels/power sources
Hydropower

Working field

χ2 test
(p-value)

Expected benefits of Photofuel respect to established biofuels
No competition with food

0.011

0.246

Expected benefits of Photofuel respect to natural strains
Require less energy

0.016

0.242

Improve the controllability of the process

0.050

0.225

0.024

0.236

Fossil fuels

0.022

0.237

Wind power

0.002

0.267

Perceptions of social acceptance of Photofuel
Opinion about regulating gene-edited organisms as
GMOs
General risk perception of fuels/power sources

Following the thumbs rule for the interpretation of Cramer´s V values, the following moderate
relationships were found:

(1) Although most female respondents believe that hydropower is rather harmless, they are more
cautious of affirming that hydropower is an entirely harmless source of power.
(2) Although most of the respondents from every working field had a higher tendency of believing
that one of the benefits of Photofuel respect to established biofuels is that they are not
competing with food production, the group of respondents working in education or academics
show the highest tendency of agreement (37.9% rather agreed and 53% totally agreed)
(3) Most respondents tended to agree of affirming that one of the benefits of using Photofuel
based on GM algae with respect to natural strains would be the requirement of less energy in
the production process, but in the group of respondents working at education or academia
there were more respondents that did not know how to answer (14.6%) while the respondents
working at the industry were more skeptical of this benefit (2.3% totally not agreed and 41.9%
rather not agreed)
(4) Most respondents tended to agree of affirming that one of the benefits of using Photofuel with
respect to natural strains would be an improved controllability of the process. The group of
respondents working at education or academia were the ones that more agreed (40.9% rather
agreed and 25.8% totally agreed) and the group of respondents working at the industry had a
higher amount that did not know how to answer (14%).
(5) Most respondents working in education or academia and also in industry tended to agree of
affirming that organisms with small genetic changes achieved by gene-editing techniques,
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should not fall under the current regulations for GMOs. While 57.1% of respondents working
for the government did not know what to answer.
(6) Although more than 90% of the respondents believe that the general risk of using fossil fuels
is alarming, some respondents working in education and academia were skeptic about this
having 4.5 % that answered that it is rather harmless and 4.5% that answered it is entirely
harmless. All respondents working at the government agreed that this source of power is
alarming (rather alarming 14.3% and entirely alarming 85.7%).
(7) Although most respondents believed that wind power is harmless (more than 88%) 7% of the
respondents working at industry rated this energy source as harmful (4.7% rather alarming
and 2.3% entirely alarming). All respondents working at the government agreed that this
source of power is harmless (rather harmless 57.1%, and entirely alarming 42.9%).
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3.2. Results from the EU citizen survey
The survey scored 417 valid responses from all over the European Union on 16 different
questions.

3.2.1. Sociodemographic profile of the respondents
The sociodemographic profile of the respondents (figure 11), show a high homogeneity of
male and female respondents, 54% and 46% respectively. A relative high homogeneity was
also observed between the ages of the respondents, having the highest quote aged between
30 to 39 years old (32%) followed by respondents between 20 to 29 years and 40 to 49 years,
27% and 23% respectively. Total equality was observed between respondents with and
without children, 50% each. Respondents had a relative high educational level, 79% had a
University degree and 12% had a technical training. Most respondents were employees (67%)
living in big cities with more than 100,000 habitants (60%).
100%
90%

≥ 60 years
(30) 7%

Other (16) 4%
Retired (14) 3%

50 to 59 years
(38) 9%

Unemployed (23)6%
Self-employed (33) 8%

80%
70%

Male
(225) 54%

40 to 49 years
(97) 23%

No
(210) 50%

Small city (>20.000 hab.)
(113) 27%

University degree
(331) 79%

60%
50%

Employed
(278) 67%

30 to 39 years
(135) 32%

40%

Big city (>100.000 hab.)
(251) 60%

30%
20%

Yes
(207) 50%

Female
(192) 46%

Vocational/ocuppational/
technical training
(50) 12%
University student
(38) 9%
High school
(31) 7%
No high school (5)1% Student (15) 4%

20 to 29 years
(114) 27%

10%
0%

Rural area
(53) 13%

< 19 years (3) 1%

Gender

Age

Children

Educational level

Employment
status

Current city size
(Habitant Nr.)

Figure 11. Sociodemographic data of the EU citizen survey (absolute numbers in brackets).
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Answers from many EU countries were collected, whereby 74% of the total respondents were
currently living in Photofuel partner countries: Italy, Finland, France, Germany, Portugal,
Sweden and United Kingdom. For further statistical analysis, responses from eastern countries
from the EU (Greece, Hungary, Latvia, Poland, Romania, Slovakia, Bulgaria, Croatia, Cyprus
and Czech Republic) were clustered because of their low response quote (figure 12).

Figure 12. Residence country of respondents of the EU citizen survey (absolute numbers in brackets).

3.2.2. Knowledge
Familiarity to microalgae was relative high, 72% of the respondents were somehow familiar
to microalgae, and only 28% never heard about them. However, answers given by the different
countries (figure 13) were significantly different (Kruskal-Wallis H = 68.3, df = 12, p<0.001).
Pairwise comparison made with Tukey-Kramer test indicated significant differences between
the countries (p < 0.05). According to this test respondents from Sweden (M=2.78) and
Portugal (M=2.89) were more familiar to microalgae than the respondents from the other
countries.
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Eastern countries (26)
Denmark (5)
Netherlands (11)
Belgium (16)
Austria (22)
Spain (29)
UK (30)
Sweden (23)
Portugal (38)
Italy (25)
Germany (74)
France (96)
Finland (22)

(15)

(4)

(1)

(3)

(1)

(4)

(5)

(2)

(8)

(6)

(9)

(2)

(9)

(10)

(2) (1) (1)

(14)

(2) (1) (2)

(13)

(14)

(8)

(6)

(2)

(15)

(1)(1)(1)
(5)

(5)

(8)

(4)

(9)

(7)

(11)

(27)

(3)

(30)

(20)

(12)

0%

10%

(189)

20%

30%

40%

50%

70%

Yes, I work with
them

(6) (3)
(2)

(60)
60%

Yes, I often read
or hear about
them

Yes, I am an
(3)(1) expert in the field

(5)

(117)

Yes, I occasionally
read or hear
about them

(3)

(13)

(55)
(15)

Total EU (417)

No, I have never
heard about
them

(7)

80%

(29) (22)
90% 100%

Figure 13. Familiarity of the respondents of the EU citizen survey to microalgae (absolute numbers in
brackets, Kruskal-Wallis H = 68.3, df = 12, p<0.001).

Eastern countries (26)
Denmark (5)
Netherlands (11)
Belgium (16)
Austria (22)
Spain (29)

(7)
(1)

(7)

(2)

(1)

(4)

(6)

(6)

(2)

(2)

(9)

(12)
(5)

(1)

(12)

(6)

(2)

(29)

(53)

30%

(4) (3)
(30)

(7)

(176)
20%

(6)

(12)
(27)
(13)

10%

(5)

(14)

(39)

(1)(1)

(4)

(11)
(10)

(4)

(12)
(9)

(11)

(1)

(12)
(13)

(4)

0%

(1)
(1)

(7)

(2)

(1)

(6)

(2)

UK (30)
Sweden (23)
Portugal (38)
Italy (25)
Germany (74)
France (96)
Finland (22)
Total EU (417)

(11)

50%

60%

70%

Yes, I occasionally
read or hear
about them
Yes, I often read
or hear about
them
Yes, I work with
them
Yes, I am an
expert in the field

(1)
(2)
(1) (1)

(153)
40%

No, I have never
heard about
them

(21) (28)
80%

90% 100%

Figure 14. Familiarity of the respondents of the EU citizen survey to GMOs (absolute numbers in
brackets, Kruskal-Wallis H = 43.6, df = 12, p<0.001).
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In the case of familiarity to GMOs, 91% of the 417 respondents were somehow familiar to
GMOs, and only 9% never heard about them. Differences in the answers given by the countries
(figure 14) were significantly (Kruskal-Wallis H = 43.6, df = 12, p<0.001). According to the
pairwise comparison made with Tukey-Kramer test, respondents from Sweden (M=2.61) and
Portugal (M=2.84) were more familiar to GMOs than the respondents from the other countries
(p<0.05).

3.2.3. Intention to support or reject Photofuel technology
The intention of the respondents to support or reject Photofuel technology was reflected in
the answers to the questions about their opinion whether or not Photofuel should be
produced by using GMOs (figure 15) and their general rate of Photofuel technology (figure
16). In both cases a very high amount of respondents, 77% and 80% respectively revealed an
intention to support the Photofuel technology, while only 2% and 1% respectively were
completely against it. Although some differences are observed between the answers of the
countries, these were not statistically significant.
Eastern countries (26) (1) (2) (3)
(2)
Denmark (5)
(4)
Netherlands (11)
(3)
Belgium (16)
(9)
Austria (22) (1)
(6)
Spain (29)

(12)

(8)

(5)

(2)

(8)

(5)

0%

(15)

(8)

20%

30%

40%

Rather not agree

Neither/nor

(15)
(13)

Rather agree

(17)
(15)

Totally agree

(31)
(31)
(11)
(182)

(137)

(73)
10%

(6)

(6)

(10)
UK (30) (1) (4)
(3)
(2) (2)
(3)
Sweden (23)
(15)
(4) (2)
Portugal (38)
(8)
Italy (25) (2)
(25)
(13)
Germany (74) (5)
(38)
(21)
France (96) (3)(3)
(9)
(2)
Finland (22)

Total EU (417) (8)(17)

Totally not agree

(3)

50%

60%

70%

80%

90% 100%

Figure 15. Opinion of respondents of the EU citizen survey on the use of GM algae for Photofuel
production (absolute numbers in brackets, Kruskal Wallis H=16.1, df=12, p= 0.19).
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Eastern countries (26) (1) (2) (3)
(2)
Denmark (5)
(3)
Netherlands (11)
Belgium (16) (1) (2)
(2)
(5)
Austria (22)
(4)
Spain (29)

(10)
(2)

(4)
(11)

(14)

30%

Rather negative

(4)
(11)

Neither/nor

(15)

(6)

(8)

(9)

(22)

Rather positive

(12)
(15)
(41)

(18)

(55)

(24)

(14)

(5)

(212)
20%

Very negative

(3)

(9)

Total EU (417) (4)(12) (67)
10%

(1)

(5)

(9)
UK (30)
(3)
(2) (1)
Sweden (23)
Portugal (38) (1) (3)
(4)
(6)
Italy (25)
Germany (74) (3) (12)
France (96) (1) (16)
(3)
Finland (22)

0%

(10)

40%

50%

Very positive

(122)
60%

70%

80%

90% 100%

Figure 16. General rate of the respondents of the EU citizen survey of the Photofuel technology
(absolute numbers in brackets, Kruskal Wallis H=15.4, df=12, p=0.22).

3.2.4. Feelings about having a neighboring Photofuel plant
Most respondents had positive or neutral feelings when they were asked about having a
Photofuel plant built up near their current residences (figure 17). Kruskal-Wallis test showed
some significant differences (Kruskal-Wallis H(joy)= 27.0, H(worry)=48.9 and H(anger)=36.3; df=12;
p<0.05) between the answers of different countries. Tukey-Kramer test showed no significant
differences between the countries, but the mean plots (figure 18) showed the tendency of
Spain, Italy, Belgium and Germany to have positive feelings, and the tendency of France,
Portugal and Netherlands of having negative feelings about having a Photofuel plant built up
near to their residences.
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Positive feelings
Calmness
Hope
Joy

0%

10%

20%

30%

40%
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(139)
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(175)

(102)

(26) (35)

(46)

(118)

(162)

(62)

(29)

50%

60%

70%

80%

90%

Not at all
Not really
Neither/ nor
Somewhat
Very much

100%

Negative feelings
Anger
Fear
Worry

(206)

(69)

(127)

(110)

(75)
0%

20%

30%

(118)
40%

(17)(7)

(127)

(105)

10%

(118)

50%

(44) (9)
(102)

60%

70%

80%

(17)
90%

100%

Not at all
Not really
Neither/ nor
Somewhat
Very much

Figure 17. Feelings of the respondents of the EU citizen survey about having a Photofuel plant built next
to the current place of residence (absolute numbers in brackets).

Very much

5
Hope

Somewhat

4

Neither/nor

3

Joy
Calmness
Worry

Not really

2

Not at all

1

Fear
Anger
Total (n=417)

Eastern EU countries
(n=26)

United Kingdom (n=30)

Sweden (n=23)

Spain (n=29)

Portugal (n=38)

Netherlands (n=11)

Italy (n=25)

Germany (n=74)

France (n=96)

Finland (n=22)

Denmark (n=5)

Belgium (n=16)

Austria (n =22)

Figure 18. Mean plot of feelings of the respondents of the EU citizen survey about having a Photofuel
plant built next to the current place of residence.

3.2.5. Perception of risks of Photofuel respect to other fuels
The perception of the general risk (i.e. health, environment and accidents) of different fuels
and power sources that could be used for future mobility is shown in figure 19. Most
respondents indicated fossil fuels as a rather harmful or entirely harmful power source, 42%
and 45% respectively; followed way behind by established biofuels where 35% of the
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respondents believe they are rather harmful and only 4% believe they are entirely harmful.
Most of the respondents considered wind power, hydropower and solar photovoltaic power
as the most harmless options, followed by 56% of the respondents that believe that Photofuel
would also be a harmless or rather harmless alternative.

Figure 19. Perception of respondents of the EU citizen survey about general risk of future mobility
fuels or power sources (absolute amounts are shown in brackets).

Entirely harmful

5
Fossil fuels

Rather harmful

4

Established
biofuels
Photofuel

Neither/nor

3
Hidroelectri
c power

Rather harmless 2

Wind power
Total (n=417)

Eastern EU countries (n=26)

United Kingdom (n=30)

Sweden (n=23)

Spain (n=29)

Portugal (n=38)

Netherlands (n=11)

Italy (n=25)

Germany (n=74)

France (n=96)

Finland (n=22)

Denmark (n=5)

Belgium (n=16)

Austria (n =22)

Entirely harmless 1

Solar power

Figure 20. Mean plot of perception of respondents of the EU citizen survey about general risk of future
mobility fuels or power sources.

Kruskal-Wallis test showed some significant differences (Kruskal-Wallis H(fossil fuels)= 21.1,
H(established biofuels)=54.3, H(Photofuel)=43.3, H(solar)=46.3, H(wind)=24.2 and H(hydroelectric)=24.4; df=12;
p<0.05) between the answers of different countries. Tukey-Kramer test showed significant
differences (p<0.05) in the cases of: i) established biofuels: respondents from France (M=3.49)
and Sweden (M=3.35) believe that established biofuels are rather harmful when Italy (M=2.24)
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and Finland (M=2.41) find it rather harmless; ii). Photofuel: respondents from Italy (M=1.68)
find it harmless when respondents from Denmark (M=3.00) and France (M=2.79) find it not
so harmless; and iii). Solar photovoltaic: respondents from Belgium (M=1.44) find it more
harmless than respondents from France (M= 2.38). The tendencies are shown in figure 20.

3.2.6. Attitude as consumers
The majority of the respondents (84%) would be final consumers of Photofuel (figure 21).
Eastern countries (26)
Denmark (5)
Netherlands (11)
Belgium (16)
Austria (22)
Spain (29)

(20)

Yes

(6)

(3)

(2)
(10)

(1)

(15)

(1)

(15)

(7)
(27)

UK (30)
Sweden (23)
Portugal (38)
Italy (25)
Germany (74)
France (96)
Finland (22)

(2)

(24)

(6)

(16)

(7)
(34)

(4)

(23)

(2)

(58)

Total EU (417)

(16)
(87)

(9)

(20)

(2)

(352)
0%

20%

No

40%

(65)
60%

80%

100%

Figure 21. Willingness of the respondents of the EU citizen survey to be final consumer of Photofuel
(absolute numbers in brackets).

The willingness of spending more money in Photofuel if higher engine performances than
established biofuels were achieved, and in case more environmental advantages than fossil
fuels were achieved are shown in figure 22 and 23 respectively. If Photofuel could achieve
higher engine performances, 70% of respondents answered they would spend more money
on Photofuel than on current biofuels, 24% of the respondents answered they would only buy
Photofuel in case of having the same or cheaper price than current biofuels, and only 6% of
the respondents would definitely not be final Photofuel consumers. In case Photofuel had
environmental advantages with respect to fossil fuels, a higher amount of respondents
answered they would spend more money on Photofuel (79%). In general, for the higher ranges
of money willing to be spent, it seems, people are more interested in environmental care than
in getting better engine performances.
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Figure 22. Willingness of the respondents of the EU citizen survey to spend more money on Photofuel if
better engine performances than those for established biofuels were achieved (absolute numbers in
brackets).
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Figure 23. Willingness of the respondents of the EU citizen survey to spend more money on Photofuel if
environmental advantages compared to fossil fuels were achieved (absolute numbers in brackets).
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3.2.7. Other statistic relevant results
Inductive statistical tests were done to seek for possible relationships between the variables
as shown in figure 1.
Spearman´s rank correlation coefficients (table 4) between sociodemographic ordinal
variables and opinion ordinal variables, indicated weak relationships between the variables,
due to their low values, nevertheless some p-values lower than 0.05 were found indicating
statistically significant relationships. These weak relationships were the following:
(1) Older respondents tended to support the idea of producing Photofuel by using GMOs,
and rated the Photofuel technology more positive. Older respondents had more
positive feelings (i.e. joy and hope) about having a neighboring Photofuel built up near
to their residence places and less negative feelings (i.e. worry, fear and anger).
(2) Respondents with higher educational level were more familiar to microalgae and
GMOs, these were also more fearful about having a Photofuel plant built up near to
their residence places, and had the opinion that fossil fuels, established biofuels and
Photofuel in general present more risks than solar photovoltaic, wind and
hydroelectric power for mobility of the future.
(3) Respondents living in big cities were more familiar to GMOs, and presented more
negative feelings (i.e. worry, fear and anger) about having a Photofuel plant built up
near to their residence places. These respondents also had the opinion that fossil fuel
is the power source of mobility of the future with more risks (i.e. health, environment
and accidents).
Table 4. Statistic relevant values for correlations between variables of the results of the EU citizen
survey. Only significant values (p<0.05) are shown.
Sociodemographic

Opinion

Ordinal
variables

Ordinal variables

Age

Intention to support or reject Photofuel technology

Statistic values
Spearman‘s
rank order
coefficient

p-value

Production of Photofuel by using GMOs should take place

-0.108

0.028

General rate of Photofuel technology

-0.105

0.033

Joy

-0.102

0.037

Hope

-0.117

0.017

Worry

0.123

0.012

Fear

0.110

0.025

Anger

0.127

0.009

Feelings towards Photofuel plants built up next to current residence place

Educational
level

Knowledge
Familiarity with microalgae

-0.220

0.000

Familiarity with GMOs

-0.273

0.000

-0.121

0.013

0.201

0.000

Feelings towards Photofuel plants built up next to current residence place
Fear
General risk perception of fuels/power sources
Fossil fuels
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Current city
size

Established biofuels

0.106

0.030

Photofuel

0.163

0.001

0.142

0.004

Worry

0.157

0.001

Fear

0.163

0.001

Anger

0.133

0.006

-0.165

0.001

χ2 test
(p-value)

Cramer´s V

Willingness to pay more money if higher engine performances were achieved
respect to established biofuels

0.047

0.145

Willingness to pay more money if environmental advantages were achieved
respect to fossil fuels

0.017

0.153

χ2 test
(p-value)

Cramer´s V

0.001

0.215

0.031

0.159

Fossil fuels

0.050

0.151

Established biofuels

0.007

0.184

Solar photovoltaic power

0.022

0.166

Wind power

0.022

0.166

Familiarity with microalgae

0.048

0.152

Familiarity with GMOs

0.006

0.186

0.037

0.156

Familiarity with microalgae

0.000

0.272

Familiarity with GMOs

0.000

0.232

Knowledge
Familiarity with GMOs
Feelings towards Photofuel plants built up next to current residence place

General risk perception of fuels/power sources
Fossil fuels
Ordinal
variables

Nominal variables

Age

Personal attitude as final consumer

Nominal
variables

Ordinal variables

Gender

Knowledge
Familiarity with microalgae
Intention to support or reject Photofuel technology
General rate of Photofuel technology
General risk perception of fuels/power sources

Children

Knowledge

Feelings towards Photofuel plants built up next to current residence place
Worry
Country of
residence

Knowledge

Intention to support or reject Photofuel technology
Production of Photofuel by using GMOs should take place

0.023

0.204

General rate of Photofuel technology

0.000

0.229

Joy

0.006

0.214

Worry

0.000

0.232

Anger

0.012

0.209

Fossil fuels

0.028

0.202

Established biofuels

0.000

0.254

Photofuel

0.000

0.243

Feelings towards Photofuel plants built up next to current residence place

General risk perception of fuels/power sources
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Employment
status

Solar photovoltaic power

0.001

0.225

Wind power

0.041

0.199

Hydropower

0.040

0.200

0.025

0.154

0.042

0.149

Intention to support or reject Photofuel technology
Production of Photofuel by using GMOs should take place
General risk perception of fuels/power sources
Photofuel

Nominal
variables

Nominal variables

Country of
residence

Personal attitude as final consumer

Gender

(p-value)

χ2 test

Cramer´s
V

Opinion about being final consumer of Photofuel

0.032

0.233

Willingness to pay more money if higher engine performances were achieved
respect to established biofuels

0.042

0.194

Willingness to pay more money if environmental advantages were achieved
respect to fossil fuels

0.008

0.204

Opinion about being final consumer of Photofuel

0.000

0.187

Willingness to pay more money if higher engine performances were achieved
respect to established biofuels

0.014

0.195

Willingness to pay more money if environmental advantages were achieved
respect to fossil fuels

0.019

0.191

Fisher´s
test
(p-value)

Personal attitude as final consumer
0.000

Statistically significant relationships were found between some sociodemographic ordinal
variables and opinion nominal variables, and between sociodemographic nominal variables
and opinion ordinal and nominal variables after doing Chi square test of independence (table
4), where Cramer´s V test showed moderate associations between the variables. Excluding the
already described significant variations of the answers between the different EU countries
determined by Kruskal Wallis test and Tukey Kramer post-hoc test, the type of associations
between variables were not investigated in this study.
The only significant correlation found between two dichotomous variables after Fisher´s test
was the support of Photofuel by being a potential final consumer 3 times more by males than
by females.

D6.5 Assessment of risk perception

page 36/38

4. Conclusions
The results of the first surveys about acceptance and perception of using genetically modified
(GM) microalgae for biofuel production were carried out within the Photofuel project, and are
presented here. These two surveys – one based on experts and the other on citizens in the EU
– were carried out using an online portal. Concerns about the representativeness of online
samples, however, frequently cast doubts on the validity of conclusions derived from internet
survey data. These doubts rest on the fact that not all persons have internet access and on the
premise that people are more likely to participate in a survey if the subject matter interests
them (Börsch-Supan and Winter 2004). Nevertheless, the web-based questionnaire was
chosen due to the possibility of reaching many persons, of different and distant places, and
due to fast response and low cost. In both surveys, weak or very weak relationships between
the answers of the respondents to the questions were obtained after inductive statistical
analysis, indicating a very heterologous response between the respondents.
The survey addressed to EU experts show how they interpret the use of GM microalgae for
the production of biocatalytic solar biofuels and the values, beliefs and expectations that guide
those interpretations as well as the hopes and intentions interlinked with those fuels. Most
experts believe that GM algae could provide strong benefits among fossil fuels and established
biofuels, though a fraction is still not convinced of this technology. Experts reflect in this study
the current division of opinions of whether small genetic changes achieved by genome editing
techniques should fall under current GMO regulations or not.
The survey with EU citizens study reveals that have a high tendency of having positive or
neutral feelings about having a Photofuel plant built up near their residences. But, the higher
percentage of respondents worried about having a neighboring Photofuel plant respect to the
opponents of the technology, indicates that some supporters of Photofuel technology would
also be worried about having a Photofuel plant built up near their homes.
Both surveys show that the majority of the experts and citizens would be final consumers of
Photofuel despite the general risk perception of Photofuel, which is lower as for fossil fuels
but, not as low as for electric mobility. A critical factor for expert and public acceptance and
their willingness to buy even higher priced algae biofuels is that they achieve higher engine
performances, but more important is the factor that genetically modified algal biofuels fulfill
their expectations regarding climate change and environmental protection. Although a very
positive feedback was recovered from the open comments section of the surveys due to the
high percentage of supporters of the Photofuel technology, some concerns coming from
supporters, as trustfull communication to the population in case of spill risks or olfactory
nuisances, were described. In the case of the opponents, concerns about high consumption of
water, no truthful research and communication of risks due to economical interests and
principally concerns about environmental spills of genetically modified algae and their
possible consequences, due to an enhanced competition in ecosystems, or to unknown
spreading strategies of these modified organisms were collected.
The findings show that gaining insights in the opinion, the values, concerns and expectations
of experts and citizens towards Photofuel can contribute to develop feasible socio-technical
algae systems for biofuel production and to (re-) design the processes and adapt the frame
conditions towards a higher acceptability and a further societal embedding of fuel produced
by genetically engineered microalgae.
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