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Abstract

Background: French energy policy calls for ambitious growth in the biogas sector, with the quantity of biomethane fed
into the public grid targeted at 8 TWh per year by 2023. Although today biomethane in France serves predominantly as
vehicle fuel, the domestic heating market, with its high share of gas heating, should see biogas growth in the
future, provided consumer demand can develop and suppliers can emerge savvy enough to respond to that
demand.

Methods: Towards this end, we conducted qualitative interviews with some mixed-methods elements with
French consumers in the South of France to explore their knowledge of and attitudes towards biogas as well
as their preferences for specific product features of biomethane-based gas products.

Results: We found that today’s consumers have little knowledge of biogas production and feel uncertain and
doubtful about products. They can name reasons, both environmental and financial, for and against biogas.
They favor biomethane products from agricultural residues and biodegradable household waste, rejecting energy
crops. In principle, they value local production by small suppliers, find ecolabels helpful, and look favorably upon extra
environmental benefits accruing from the sale of biogas. However, consumers labor under misconceptions regarding
the costs of biomethane production.

Conclusion: Crafting communication strategies that address widespread consumer doubt and consumer perceived
risk is the challenge suppliers face in order to allow consumers to make a well-based decision.
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Background
Renewable energies play a decisive role in the fight
against global warming. Among the different renewable
technologies, biogas, a gas produced by microorganisms
in an anaerobic process from organic materials such as
energy crops or biowaste [1], stands out. This importance
does not only stem from the fact that it can be stored easily
and used for electricity production but it can also, after
purification, especially the removal of CO2 and thus up-
grading it to grid grade quality, be used to produce heat or
as a vehicle fuel in existing infrastructures with established
technologies [1–4], e.g., vehicles running on natural gas can

use biomethane without any technical change. This is due
to the fact that biomethane can meet grid operators’ specifi-
cations for natural gas. While electricity from wind turbines
can also be used for heating, using biomethane is easier
and more efficient, especially in countries with a large exist-
ing natural gas grid providing ready distribution to com-
panies and households. This allows biomethane to access a
broader portfolio of valorization pathways than can other
renewables such as wind power or photovoltaics.
Such broader access is an especially important advantage

in the heating and vehicle fuel markets, where the percent-
age of renewable sources is much lower than in the electri-
city sector. To illustrate, in 2016, across the 28 EU member
countries, the share of renewable energy in the electricity
market stood at 30% and in the heating and cooling market
at 19%, while in the market for transport fuel at only 7%
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[5]. Thus, biomethane offers an opportunity to increase the
share of renewables in two sectors where the need for
action is most urgent and alternatives are not readily
available.
This opportunity follows a similar pattern in France,

although renewables there play a less prominent role in
electricity generation than on average in the EU-28.
While 19% of electricity generation and 21% of heating
and cooling in France in 2016 were derived from renew-
ables, the share for transport fuel stood at only 9% [5].
This imbalance is further highlighted by the gap between
the actual gross final energy consumption of biogas in
2014 and the 2020 target volume. The gap is 444 million
tons of oil equivalent (MTOE) for heat production, but
only 167 MTOE for electricity generation [6].
Moreover, France has only recently started to develop

the biogas sector. To illustrate, consider that as of 2016,
there were 17,662 biogas plants in Europe, 503 of which
upgrade the biogas to biomethane and use it as a vehicle
fuel locally or inject it into the public gas grid [7]. The
total number of biogas plants in Europe has grown by
50% between 2011 and 2016, equaling an annual growth
of around 9%. The annual growth of the installed cap-
acity of biomethane plants was even at 87% resulting in
a more than twentyfold increase between 2011 and 2016
[8]. About 40% of the biomethane plants (206) operate
in Germany, which together with Sweden (61) and the
UK (81), made up nearly 70% of the biomethane plants
in Europe in 2016 [9–11]. As of August 2018, 63 French
plants were in operation up from 44 as of end of 2017
and six in 2015 [12, 13]. The current injection volume
would be enough to supply roughly 75,000 French
households with heat [12]. The main biogas substrates
in the units that produce biomethane are sewage sludge,
household waste, waste from the agricultural industry,
and farm manure. Intermediary crops account only for a
negligible part of total input [12]. A study by ADEME
sees the biggest future potentials in crop residues and
farm manure [14].
More than 800 plants are currently (2018) in the plan-

ning stage [12], as France’s energy policy has set ambi-
tious targets for the injection of biomethane into the
public grid. For 2018, the government has set a total
injection target of 1.7 TWh, and for 2023, 8 TWh, of
which 0.7 and 2 TWh are earmarked as biogas-based
fuel for vehicles running on compressed natural gas, i.e.,
bioCNG [15]. To evaluate the impact of this policy tar-
get on the French biogas industry, consider the fact that
the 55 plants in the grid of GRDF in 2018 produced an
average annual injection of 14.3 GWh [12]; at which
rate, more than 550 plants would need to be constructed
by 2023.
Under certain conditions, biomethane plants in France

are eligible to receive a feed-in-tariff which ranges from

around five to 14 Eurocent (EuroCt) per kWh—levels
considered generous in comparison to those in the German
and Austrian markets where biomethane prices that plants
can realize are below 8 EuroCt per kWh [3, 16, 17]. Con-
sumers who use biomethane for heating or cooking are ex-
empt from the gas tax (Taxe intérieure de consommation
sur le gaz naturel) [18]. Moreover, producers receive guar-
antees of origin (GOO) for the biomethane they produce.
These GOO can be used to create green gas products
targeted at businesses and consumers [19], as is already the
case in other European markets. In Germany, for example,
approximately 170 such products were being marketed
to private households as of 2014 [2]. Customers in the
UK, Belgium, and Austria can likewise chose biomethane-
based products. In Switzerland and Belgium, utilities have
adopted a nudging strategy where they blend natural gas
with biomethane and market these blends as their stand-
ard offerings [20, 21].
Only recently have French biomethane plants started

injecting into the grid. In 2016, no biomethane-based
green gas products were reported in the consumer market
[22]; in 2017, one supplier was identified that offers a gas
product containing 10% biomethane [23], and as of August
2018, there were three suppliers two of which offered a gas
product with 10% French biomethane and one offered a
product with 100% biomethane from Scotland [24]. This
slow introduction into the existing gas grid may reflect the
effect of current energy policy for GOO, where biomethane
producers selling GOO into the heating market only keep
25% of what they earn through the sale. In contrast, if the
gas is used as bioCNG for vehicles, producers keep 100% of
what they earn [25]. These policies drive biomethane pri-
marily towards the transport sector.
Still, natural gas products rendered “CO2-neutral”

through the purchase of carbon credits [22] are avail-
able in France, and the green electricity market is also
developing. So, creating biomethane-based gas products
could be an effective strategy for both biomethane plants
and utilities to monetize the positive ecological character-
istics of biomethane while growing the GOO market.
Many studies from around the world have shown that
consumers are willing to pay a premium for green electri-
city products [26–28], and there is reason to think this
could also be the case for biomethane [29].
Moreover, biomethane could enable gas suppliers to

pursue a product differentiation strategy in what is other-
wise a commodity market. Selling the green advantages of
biomethane-based products could provide the leverage
needed to entice customers to switch suppliers, a strategy
of particular importance in the French gas market. While
this market—the fourth largest natural gas market in
Europe in 2016 [30]—has been liberalized in line with
European policies to allow consumers to easily switch
their supplier, “[…] customers have shown themselves
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oddly reluctant to change providers once they’re set up
with one.” [31]. In fact, the annual external switching
rate of residential gas customers barely topped 6.5% in
2016 [32]. Residential consumers make up 40% of the
gas market [31]. So, introducing green differentiated
biomethane-based gas products could bring innovation
to a market where in 2014 the four biggest players had
a cumulative share of 99% [31], where in the first quarter
of 2018 alternative suppliers’ market share stood still at
only 27% [33] and in which market concentration is rather
high compared to other European countries [32].
But are French consumers ready to buy biomethane-

based gas products and would they be willing to pay a pre-
mium? What do they think about biogas in general and
which product attributes of biomethane-based gas prod-
ucts do they value? These are crucial questions to which
biomethane marketers need answers if they are to craft
suitable strategies to develop the future biogas market in
France.
To our knowledge, no research on French consumers’

perceptions of biomethane-based gas products has been
published. There have been surveys on renewables in
which biogas plays a role, but in a representative survey
from 2014, only 1% of the respondents named “biogas”
or “methanization” as a potential source of renewable en-
ergy, compared to 61% who named wind power or photo-
voltaics [34]. In a recent study on bio-based packaging, the
perception of French consumers on biomethane-based
packaging was analyzed [35] but this indirect use of renew-
able gas is different from a situation where a consumer
choses to buy renewable gas for heating and cooking. As
French consumers evidently have little familiarity with the
potential of biogas, we undertook a research study to inves-
tigate how these consumers in fact perceive biogas and bio-
methane. The insights so obtained should benefit both
producers of biogas and policy makers who aim to
expand the contribution of biogas to the renewables
energy market.

Methods
As the aim of our research was to understand the percep-
tions and thinking of our respondents, we chose qualitative
interviews as our methodology, which we subsequently
subjected to text analysis to help identify recurrent themes.
The qualitative and mostly open questions were supple-
mented by a question on the willingness-to-pay for a
biomethane-based gas product. We were guided by an
interview guideline which we had developed, based on the
following research questions (RQ):

RQ1: What do French consumers know about
renewables and biogas/biomethane?
RQ2: What are French consumers’ attitudes towards
and conceptions of biogas/biomethane?

RQ3: Which product features of biomethane-based gas
products are attractive to French consumers and which
are not?
RQ4: Are French consumers ready to purchase a
biomethane-based gas product and would they be willing
to pay a premium for it?
RQ5: How do consumers evaluate natural gas products
with a carbon-offset feature in comparison to a gas
product containing biomethane?

In order to derive potential product attributes for RQ3
(Table 1), we drew on two research streams: Fist, the litera-
ture on willingness-to-pay (WTP) for green electricity and
second, the literature on acceptance of biogas, deriving the
following attributes:
While links between WTP for green energy and en-

vironmental awareness [36–41], between WTP and
pro-environmental behavior [39, 40, 42–44] and between
WTP and knowledge [38, 44–47] have been found in pre-
vious studies, we judged these to be of a second-order ef-
fect and chose to focus on those attributes that could
factor directly into marketing campaigns and could most
easily be used to guide energy policy.
We are looking at French citizens primarily as potential

consumers of biomethane-based products and not as
voters or residents living near a biogas plant, i.e., we focus
on market acceptance rather than socio-political accept-
ance or community acceptance [48] but incorporate more
general research on socio-political acceptance of biogas to
generate our categories [49–52]. We are well aware that
WTP is a concept that is usually addressed with quantita-
tive methods [26, 27], but the product attributes used in
those studies may nevertheless be very helpful in a primar-
ily qualitative study like our own.
The interview guideline was developed in German and

translated by a bilingual individual into French. It was
subsequently checked by a native speaker of French and
by the German principal investigator who also speaks
French. After the first three interviews, small changes
were made to improve understandability for our inter-
view partners.

Table 1 Potential product attributes

Attributes Sources

Share of biomethane in the product [29, 36, 82, 83]

Substrates used for producing the biogas
(e.g., energy crops, waste)

[2, 29, 49–52]

Ecolabels [29, 83, 85, 86, 98]

Location of production site (e.g., local, non-local) [83, 84]

Supplier type (e.g., small supplier, big incumbent,
cooperative)

[82–84]

Additional ecological benefits (e.g., donations for
environmental projects in developing countries)

[2]
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For this paper, the interview protocol focused on the
following topics:

� Brief introduction to the project;
� Biogas: open question on associations, brief

explanation of biogas from the interviewer, open
question on advantages and disadvantages;

� Explanation on the process of upgrading, injection,
transport, and utilization of biomethane;

� Question, if respondents could imagine buying a
biomethane-based gas product and open question
on their thoughts about it;

� Opinion on attributes of biomethane-based gas
products: biomethane content, substrates, ecolabels,
location of production site, type of supplier;

� Willingness-to-pay for a hypothetical biomethane-
based gas product (10% biomethane content, from
agricultural waste, local production);

� Opinion of a carbon-emissions compensation (carbon
offset) product currently sold in the market.

To support our interviewees’ understanding of the
topic, we used a figure with a graphical representation of
the biogas value chain. We also used cards with each
representing a different substrate (such as energy crops,
intermediary crops) when asking interviewees to rank
biogas substrates, and finally, we showed a card with a
short product description when asking for their opinion
on a carbon emissions compensation product. The latter
was based on the text on the ENGIE website on which
the product is sold [53].
We interviewed 20 individuals in the south of France.

They were recruited through the interviewers’ personal
networks. In the last interviews, we had the impression
that there were only very few new aspects and that we
had arrived at the point of empirical saturation given
our research questions and the goals of our study. The
interviews took 53 min on average, ranging between 30
and 70 min. Although qualitative research does not aim
at representative samples in a statistical sense, we tried
to vary the demographic factors in our sample popula-
tion; however, our interviewees are better educated than
the average French citizen which may influence the
results. Table 2 presents an overview of our interview
partners. Would the results be different had we selected
our interview partners from a different region in France?
Proximity to biogas plants could be one factor causing
different results. Looking at the map of biogas plants in
France [54], we see that the density and the type of biogas
plants vary throughout the country. There are regions
with more biogas plants than the one where we carried
out our interviews, e.g., around Sedan, but also regions
with much less plants, e.g., between Orléans and Bourges.
Therefore, the perception of biogas may differ between

regions, but the region we chose is not exceptional. The
diffusion of natural gas heating could be another factor
driving different results. Natural gas for heating is used
more in the north of France than in the south, and the
average annual cost of heating in the PACA region is only
about 80% of that in Champagne-Ardennes [55]. But we
made sure that our interviewees used natural gas as their
heating source, and therefore, a low familiarity with nat-
ural gas heating should not distort our results.
All interviews were taped and transcribed. Subse-

quently, they underwent a qualitative content analysis or
text analysis [56, 57]. We used an iterative approach to
develop our category system, building the first-level cat-
egories on our research questions and the main elements
of the interview guideline [58]. The categories on the
second and third levels were then developed inductively
out of the text.
During the analysis phase, we also added to the first

level a category to capture respondents’ feelings. We had
not originally included this in our research questions,
nor could we have derived this category from the litera-
ture. But we noticed that our interview partners often
expressed strong feelings of uncertainty about biogas and
biomethane and further expressed suspicions about prod-
uct claims and the real value of certain renewable energy
support mechanisms; others sometimes displayed great
enthusiasm for renewable energy and related products

Table 2 Interview partners

No. Gender Age Occupation Residence

1 Female 20–30 Employee, biotech industry City

2 Male > 50 Retired Small city

3 Female > 50 Trainee Small city

4 Male 20–30 Student City

5 Female 20–30 Student City

6 Male > 50 Employee, IT industry City

7 Male 20–30 Executive, IT industry City

8 Female 20–30 Student City

9 Female 41–50 Unemployed City

10 Female 20–30 Student City

11 Female 41–50 Retired Rural area

12 Female 31–40 HRM manager Big city

13 Male > 50 Retired City

14 Male > 50 Employee, public admin. Rural area

15 Male > 50 Retired Small city

16 Female 41–50 University teacher Small City

17 Male > 50 Unemployed Rural area

18 Female > 50 Executive, public admin. Rural area

19 Male > 50 Technician, aerospace industry City

20 Male > 50 Executive, public admin. Small city
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without our having asked about their feelings. We realized
such responses conveyed important insights for both mar-
keting and policy professionals, so we added a first-level
category termed “feelings.”
After creating short case summaries and discussing

them among the research team, the first interviews were
coded by all three researchers using consensual coding
and MAXQDA software [57]. This software supports,
among others, qualitative content analysis by allowing,
e.g., import of transcripts, marking of text parts, various
coding, and visualization options. Subsequent interviews
were coded by two and later by one researcher each.
However, the MAXQDA file was presented to the other
researchers and discussed, and amendments to the cod-
ings were made as appropriate.
We fully recognize that the validity of an interview

rests on the extent to which a respondent’s opinion is
his or her own and not one based on input from the
interviewer. As biogas is a topic unfamiliar to most inter-
viewees, there was a real risk of the interviewees merely
echoing explanations they had heard from the interviewers
and also forming their views by taking cues from the inter-
viewers. Moreover, interviewees might want to create or
maintain a certain image of self [59] and have self-presenta-
tions concerns; therefore, social desirability is an issue [60].
For that reason, we tried to haven an open eye for the inter-
action between interviewer and interviewee and how inter-
viewers may co-create answers while analyzing the
interview transcripts [61]. Thus, we took great pains to
identify and to code clearly whether an aspect was men-
tioned by the interviewees unprompted or whether it had
been part of the interviewer’s prior explanation.
All interviews were conducted in French, and the

quotes from the interview we present here were trans-
lated by the authors.

Results
What do French consumers know about renewables and
biogas/biomethane?
Four of our interview partners had never before heard
the terms “biogas” or “biomethane.” The others reported
having heard the terms, but stated that their knowledge
was limited. Many respondents associated biogas with
animal excrements, similar to manure, while one asked if
she could produce biogas in her own garden (Interview
16). Some respondents perceived “bio” and “gas” as irre-
concilable concepts, and so the concept of “biogas” must
represent some kind of deception. In the words of Inter-
viewee 4, “gas is a polluting energy, therefore ‘bio’ and ‘gas’
in the same expression are a bit bizarre.”
As for knowledge of how biomethane might serve in

the nation’s energy system, responses evinced a low level
of awareness. Not even half the informants mentioned
the use of biomethane in heat generation. Its use as a

vehicle fuel or in electricity generation was mentioned
even less often. Most respondents had acquired the little
knowledge of biogas they did have from the media, with
few having had personal experience either at home or
during their vacations. Frequently, the interviewees em-
phasized their uncertainty and lack of knowledge about
issues related to renewable energy.

What are French consumers’ attitudes towards and
conceptions of biogas/biomethane?
Disadvantages
When asked about potential disadvantages of biogas and
biomethane, our interviewees most frequently mentioned
the material used for biogas production or the land used
for growing that material, saying that biogas production
claims resources that are better suited to their original pur-
poses. Respondents spoke both about energy crops and
intermediary crops. Regarding use of energy crops, respon-
dents voiced the well-known fuel-versus-food argument:

Well, in the sense of, yes that’s all good and well, one
wants to protect the environment, but on the other
hand, one does not allow everyone to eat as much as
they need. (interview 8)

… to grow maize for having biogas, I find that this is a
bit bizarre. Because if we grow plants, theoretically
that is for eating them, more for the humans. If we
use it for producing energy, there is exactly that much
food that does not go to humans, assuming that there
are regions where people are still starving. So, it is
shocking to me a bit that maize is used for producing
energy. (interview 13)

Beyond fuel-versus-food, there was also doubt about
the overall ecological balance:

We know well that we will need to produce additional
primary material [for producing biogas from energy
crops, the authors] and that if producing this
additional primary material entails pollution and
fertilizers, that isn’t good for anything. (interview 16)

Where no energy crops are used, such as in the case of
intermediary crops, our informants still viewed using ma-
terial from the agricultural sector for biogas as problematic:

[…] for me, everything that is agricultural waste
should be reused in the compost as fertilizer. So if it
is taken away, perhaps that can be harmful for the
agricultural sector. (interview 13)

Besides reservations about the input material, worries
over the infrastructure were most frequently mentioned:
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Moreover, the fact that this may necessitate a change
in the installations, for example that one might need
to buy a new boiler, those are heavy investments. That
could put the brakes on development, I think. That
would be a problem because those are expensive
investments. (interview 4)

That may perhaps not destroy but wear out more
rapidly the distribution circles. I don’t know. In any
case, if one is in an individual house, the fact that one
might have to replace one’s installations more often
entails a slightly higher cost, in fact. (interview 4)

The third category of potential disadvantages frequently
mentioned was the price: Some consumers feared that the
consumer price might be too high (interviews 1, 4, 5, 14).
But often, consumers were unsure about the price impact

of biomethane, about whether biomethane would be more
or less expensive than natural gas. Some respondents also
voiced the expectation that it would be less expensive:

[…] it seems to me that nevertheless, in view, if I have
understood it correctly, the production processes for
having your biogas, that seems to imply resources
nevertheless that are less, a priori, less expensive than
going and looking for gas in countries, in Russia or in
other countries, other continents. (interview 14)

Another issue was whether France would be able to
produce enough biogas to meet the country’s heating
gas needs:

So, what I heard about a decade ago is that, today’s
problem would be that we have difficulties producing
enough biogas from the waste we collect (Interview 16)

Issues linked to the production process that would
typically be voiced by people in the vicinity of a biogas
plant, such as odor or safety, were rarely mentioned.
Figure 1 summarizes the most frequently mentioned

disadvantages of biogas in general. This was taken from
the part of the interview that came before we introduced
specific biomethane-based products or product features.

Advantages
The efficient use of waste was mentioned most often as
an advantage:

[…] for example, if we use waste, because we produce
waste anyway and we don’t know what to do with it.
And well, this waste contributes finally to energy
production and that energy is useful because it
replaces other energies, especially fossil fuel energies.
(interview 18)

Apart from the efficient use of waste, environmental ad-
vantages also featured prominently in interview responses.
These included the fact that biomethane is renewable and
the fact that biogas production both consumes fewer nat-
ural resources and causes less pollution than conventional
energy systems.
But a number of interviewees also viewed biogas as a

means to allow France to become less dependent on re-
sources from abroad:

I have never thought about it, but we have sufficient
agriculture in France, which would allow us to run
several plants [biogas plants, the authors] and to feed
the grid well and therefore to be less dependent [on
other countries, the authors.] (interview 9)

If that lets you earn 10% of the volume of gas you buy in
Algeria or elsewhere. And well by that, I am sorry, you
create work for France. And on top of that you clean
France, you use clean energy from France, […] we have
to stop to privilege the international. (interview 19)

A number of interviewees also expected cheaper energy
prices from using biogas instead of natural gas or cheaper
heat than they get from electricity (interviews 11, 14, 18).
Figure 2 summarizes the most frequently mentioned ad-

vantages of biogas from the perspective of our interviewees.

Suspicion and insecurity
Two feelings were so frequently expressed in interviews
that we decided to include them in our analysis. The
first of these was suspicions about marketing and policy
initiatives aimed at supporting the transition to renew-
able energy sources. We found such in 17 of the 20 in-
terviews. Interviewees were suspicious of extra climate
projects (6), of ecolabels used with carbon-offset-gas
products (6), of ecolabels in general (3), and of the role
of enterprises (3) and the state (3) with regard to the
fight against climate change.

Well, I don’t know but there is something that seems
bizarre to me. It is not knowing how much in the end
[…] because I have not understood, the real biomethane
that comes directly to our house. That is therefore
something calculated. (Interview 5)

This interviewee questioned whether biomethane or natural
gas would in fact be delivered to the consumer’s home.
The second prevalent feeling was insecurity tied to great

uncertainties about renewable energy sources and the re-
newables market. Interviewees expressed this feeling when
speaking about their own knowledge base, when discussing
attributes of biogas or biogas products such as price or
local production, and when discussing their own electricity
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contracts. Many other issues contributed to strong
feelings of insecurity, sometimes mixed with suspi-
cions that important details were being hidden from
the consumer’s view:

[…] if I chose to put biogas in my apartment
tomorrow, will I face special difficulties? Which
company, for example, will supply it to me? Will I not
have … In the end, these are the questions behind it.
Aren’t there changes I will have to make? Maybe that
is nonsense, but every five years? Won’t one have to
change the system and all that? (interview 1)

Which product features of biomethane-based gas products
are attractive for French consumers and which are not?
Share of biomethane in the product
Most interviewees (13) said they would want 100% bio-
methane in a biogas product, two indicated they wanted
25%, one 50%, and one could not decide between 60 and
100%. There was also one who said that the percentage
did not matter.

Substrates
We presented our interviewees with four options (pre-
sented as cards) for substrates, i.e., input material for the

Fig. 1 Main disadvantages from biogas as perceived by our interviewees

Fig. 2 Main advantages of biogas as perceived by our interviewees
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biogas plant and asked them to rank them in terms of
attractiveness, sometimes having to explain the substrates
in more detail. Table 3 shows the number of respondents
that ranked the listed substrate in the indicated position;
for example, 11 respondents ranked “Agricultural Residues”
as the most favorable, while 14 ranked “Energy Crops” as
the least favorable.
Assign a value of four points to a number one rank-

ing, then values of three, two, and one point respect-
ively to each lower ranking. Then, sum the product of
ranking values and the number of respondents selecting
that ranking position. So, for example, agricultural resi-
dues is scored at (11 × 4) + (6 × 3) + (2 × 2) + (0 × 1) =
66. Using this scale, agricultural residues are rated as
most favorable, followed closely by biodegradable
household waste (61). A considerable gap separates the
top two from the third place intermediary crops (36),
while energy crops like maize rank as the least attract-
ive input material (27).
When asked for their reasons (see Fig. 3), respondents

most often mentioned they would prefer to use some-
thing that already exists and carries minimal value, like
waste, rather than to create something new for produ-
cing energy. The opinion was also expressed that energy
crops would not be good for the environment:

[…] and in the fourth place and last energy crops,
because maize is a culture that I condemn a bit
from an agricultural perspective because it needs a
lot of water and that is a serious problem today.
(interview 17)

In the view of some interviewees, energy crops compete
with food production:

[…] I think that there are not enough sources for food
on earth for feeding the entire population. Therefore
producing food for generating energy does not make
sense to me. (interview 8)

But apart from these normative reasons, our respon-
dents also considered practical issues and pointed out
that agricultural residues are available in great quantities
and easy to collect:

Dung, I am telling myself that the dung is produced
in great quantities, so that can be a good source, it is
easy to find and to access. (interview 7)

Also for household waste they pondered the issues of
availability and collection in different ways:

[…] and the household part, well it is maybe more
complicated to recover in great quantities and more
polluting, maybe. (interview 2)

Well, it seems to me that the biodegradable household
waste is relatively easy to collect. (interview 12)

Ecolabels
Most informants thought ecolabels would make a
biomethane-based product more attractive, providing
labeling was done by an independent entity that would
verify the producers’ claims:

So to add an independent ecolabel, that could be
interesting in the sense that if it really what he is
doing, one knows it because there is an independent
institution which came and put its stamp on it.
(interview 10)

One informant also valued the potential of labels to
provide consumers with information that is easy to access
and understand, unburdening the consumer of the need
for further research:

That is an information that is easier to grasp. If there
is a label, one sees immediately, so one knows what it
is. So, if there is no label, there is a need for explanation.
That is less easy to access. (interview 4)

However, four interviewees said that an ecolabel would
not be necessary and there were even critical voices say-
ing that one would still need to research the details:

One still needs to read all the texts about these ecolabels
to get to read what they say inside. (interview 19)

One informant also said that the process of having
products labeled is complicated and costly:

Why bother to label if no matter if we use waste
which is organically healthy or things that are made in
a chemical process, that does not change anything.
[…] I don’t see a reason for labelling a product. I
already see in organic [food, the authors], how
complicated that is, it is already very expensive to
have oneself labeled. (interview 20)

Table 3 Ranking of substrates

Position Biodegradable
household waste

Agricultural
residues

Intermediary
crops

Energy crops

1 8 11 0 1

2 9 6 2 1

3 0 2 13 3

4 2 0 4 14
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Location of production site (e.g., local, non-local)
Local production was another attribute that was viewed
favorably by almost all interviewees. Only one rejected
the idea of regional differentiation, wanting the central
government to take care of everything. The reasons why
local production was preferred, however, were varied:
The most often cited reason was that local production
would reduce the transportation distances and so make
it easier or cheaper to transport the gas:

[…] if they tell me it [the plant] is close to where I live
and that it would cost less to transport it, yes,
certainly, certainly. (interview 6)

The second most important reasons were that local
production would create local employment:

Staying local means employing in the same region,
the same town. That creates dynamic towns and
regions. And the more activities you have in a region
or town, the more they tend to be dynamic and
pleasant to live in. So, somehow that is something
important. (interview 4)

Other reasons were that it would allow everybody to
participate in the energy transition process:

Because you have the impression of participating. You
have the impression that it is a collective effort, but

how do I say it, joint effort of a population, you see,
nearby. (interview 9)

It was also mentioned that local production would
allow smaller installations and so be better for the envir-
onment. Trust also played a role:

It is true that I am telling myself that it could be
interesting to know that my gas is produced here. I
know where it is. (interview 10)

Supplier type (e.g., small supplier, big incumbent,
cooperative)
Big existing suppliers like ENGIE received more negative
than positive comments. Consumers criticized these com-
panies for lacking ecological motivation, for not having
done enough to support renewables, for having supported
nuclear power in the past, and for having too much polit-
ical power. But they also received a few positive comments
from respondents who said that large suppliers could
make it possible for everyone to buy biomethane and fur-
ther that new producers might not be as reliable. Echoing
the statistic from Section 1 regarding consumer resistance
to switching suppliers, these respondents said they would
be hesitant to change from ENGIE:

[…] I have a husband who would be hesitant to
change from ENGIE, for him GDF [former

Fig. 3 Drivers of interviewees’ ranking of input materials
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monopolist Gaz de France, the authors] is ENGIE […]
Because we have the habit of always having GDF in
our heads, for us people in their mid-fifties, GDF is
the gas. But one has also to change one’s consumption
habits. (interview 3)

[…] if you are with Engie, that is ex-GDF, if you have
a problem with your gas meter, your pipes outside,
you call them, I think they are quick to respond to
things like that because they are big companies, they
are used to doing that. By changing suppliers, do we
not risk sacrificing service? […] But if there is a prob-
lem with pricing, with the meter, with things like that
doesn’t that present a risk? Because will they have the
technology in the background? (interview 6)

One interviewee even wanted the industry to be
nationalized:

[…] I would like it more to be nationalized, that type
of service. I like one single national enterprise better
than 36 that are in competition. (Interview 16)

Small producers received only positive comments. Our
informants believed them to be more motivated by eco-
logical reasons and to be more ethical. Moreover, some
would favor small suppliers simply because they wanted
to bring about change:

Not the big groups there that eat everyone, a bite out
of the small and mid-sized people. I’ll tell you why [I
favor small], because it is true that the biggest pieces
of cake always go to the same people, so that would
change things a bit. (interview 3)

But apart from the size, many consumers seemed to
value a company that specializes in renewables.

Additional ecological benefits (e.g., donations for
environmental projects in developing countries)
The vast majority of our interviewees valued products
that carried an additional ecological benefit, for example,
financing donations for environmental projects in devel-
oping countries. Some were really enthusiastic about it: “I
find that super.” (interview 1) and “That’s great!” (inter-
view 9). Informants felt that it was their responsibility as
residents of a developed country to support such projects
and that countries are interdependent. One also said that
this shows the values prevalent in the company. One
adjective that was mentioned by several interviewees
was “cohérent” in the sense of integrity, coherence, and
consistency, where corporate behavior and ethical be-
havior are consistent.

But even among those who were generally positive
about passing on funds to other projects, there was often
a lack of trust towards the provider. Many felt the need
for proof of real impact and a look into the projects that
were supported by their fees:

And then, often, the problem that one tends to see is
whether it really happens in reality. There has to be
some monitoring, to know that the Cent that I will
pay on top per kilowatt hour really goes to the
Brazilians and not into the cash box of the company
for example. (interview 4)

Relatively, that is something that is on paper but I
think not a real impact. So, I don’t think that this
factors into my choice. (interview 8)

But one interviewee also explained his view that each
country needs to do its own homework:

Personally, I think that everyone should be ecological
in his own place, first of all. So, when we have to be
ecological in France, the other countries have to do
the same. And paying them will not make them do it
more. (nterview 19)

And another wanted more local projects:

[…] I don’t have anything against Brazil or others, that
doesn’t mean that one should not help them, but also
perhaps one should help projects that are a bit more
local where we incentivize people to pay attention to
it. (interview 20)

We summarize these results as follows: French consumers
would find the following product attributes attractive:

� High biomethane content,
� Origin from agricultural residues or organic household

waste,
� Ecolabeling,
� Local production,
� Small specialized supplier and
� Additional ecological benefits.

Would French consumers be ready to purchase a
biomethane-based gas product and pay a premium for it?
To investigate this question, we presented our inter-
viewees with a hypothetical product:

� Contains 10% biomethane
� Is sold by ENGIE (major French gas company)
� Is produced from agricultural residues
� Is produced in their region
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and asked if they would be willing to pay more for this
product than for a natural gas product. Of our 20 inter-
viewees, 15 were ready to pay more while five refused to
do so. The reasons given by those who refused some-
times had to do with cognitive challenges, meaning they
found the product too complicated or said that they
knew too little about the subject. Two people said that it
is the company’s responsibility to carry any additional
expense; one cited lack of funds, while another would
not purchase this product but would only consider one
with a higher biomethane content.
About half of our respondents were surprised when

presented with the idea that they would have to pay a
price premium for a gas product based on biomethane.
Some asked again to be sure that they had understood
the question correctly:

So, you suggest that with biomethane production,
although the product is the same, the product
made of biomethane would be [hesitation] more
expensive than the product I have now?
(interview 11)

They explained that they found a price premium il-
logical, thinking that there would be no research on
biomethane if it were more expensive and believing that
biogas should be cheaper than natural gas because the
costs of natural gas exploitation were saved. One said
that the government should close the cost gap by sub-
sidizing the product.
Focusing responses on their willingness-to-pay a price

premium, 11 interviewees indicated a willingness-to-pay
up to 10% more, another four up to 20%, and only one
was willing to pay 30% more.

How do consumers evaluate a natural gas product with a
carbon-offset feature to a gas product containing
biomethane?
As biomethane-based products probably compete with
gas products that have a carbon-offset feature, we pre-
sented our interviewee with an example of the latter.
The product is currently offered in the French gas mar-
ket by Engie, the incumbent supplier.
Translation:
Engie: Natural gas with 100% carbon offset
The CO2 emissions linked to your natural gas con-

sumption are fully offset through the purchase of carbon
credits. The volume of CO2 emitted by your invoiced
natural gas consumption is converted into the number of
carbon credits (1 t of CO2 = 1 carbon credit). These car-
bon credits come from the Prototype Carbon Fund, which
finances projects to reduce greenhouse gas emissions.
Source: Adapted from [53]

Almost all interviewees said they would prefer a
biomethane-based gas product over a carbon-compensated
product. The reasons for such preference were, however,
varied. Many resented the very idea that a company pays
for the right to pollute and found strong words for it:

One will say, you will be able to pollute as much as
you wish but as a compensation, you will give us cash.
(interview 9)

A financial transaction on systems like that and on top
people who speculate on this, that is a catastrophe.
(interview 15)

No, but I don’t like the principle of buying carbon
credits because the big companies thus buy them in
abundance and so without punishment produce more
than the others, no. (interview 16)

If it is for that, I am sorry but that is a total aberration.
More or less one pays for polluting. That is
unacceptable. (interview 19)

[…] that seems just hypocritical to me and that seems
to me just a selling argument. (interview 8)

Five interviewees expressed positive feelings towards
carbon-offset products (Fig. 4), albeit with some
reservations:

I like that they are obliged to pay something in order
to limit the greenhouse gases they are producing. I
find this system good. But in the end, they keep
polluting, but it is a step already in the right direction.
(interview 10)

The majority also had the impression that the proceeds
from the carbon credits would go to financing emission
reduction projects.
Despite the explanation of the interviewers, some

also seem not to have understood the effect of buying
emission rights. About a third of the interviewees said
explicitly that they did not understand the concept:

In fact, I can’t understand what that means, a ton of
CO2 equals one carbon credit, for me those are
completely vague numbers. (interview 5)

Yes, I don’t really understand it. (interview 7)

One interviewee who apparently understood the system
well pointed out that the price for CO2 emission rights
was too low to be an incentive for investing into envir-
onmental protection. Another interviewee said that the
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effect of such a product would be too indirect, probably
as compared to a biomethane product.

Discussion
This study represents an initial exploration into French
consumer awareness of and attitudes towards biogas/
biomethane products. We also sought to identify features
of biomethane-based gas products that French consumers
find attractive and to evaluate whether these consumers
would be willing to purchase a biomethane-based gas
product at a premium. Lastly, our aim was to assess how
consumers value natural gas products with a carbon-
offset feature in comparison to gas products containing
biomethane.
We found that consumers have little knowledge about

biogas, a finding that mirrors the results of an earlier survey
of consumer attitudes where only 1% of the respondents
could, unprompted, name biogas as a renewable energy
source whereas 61% were able to identify wind [34].
Consumer attitudes towards biogas included worries

about practical issues like price and whether heaters at
home would have to be changed to operate on biomethane.
Consumers also questioned France’s capability of producing
enough biogas to meet the country’s needs. Concerns
frequently heard in other countries were not, however,
expressed by our French respondents. In Germany, for ex-
ample, citizens tend to focus on odor problems and on
other environmental issues, like GMOs, biodiversity, and
changes to the landscape [49]. In Switzerland, smell percep-
tion, information, and trust play a decisive role [62]. Also,
Schumacher and Schultmann in their comparative study
on local acceptance of biogas found much higher levels of
willingness to oppose a biogas plant in the vicinity among
German than among French respondents [63]. The fact
that our French interview partners did not mention

negative local effects like these may be due to the small
number of biogas plants in France and the fact that little
media attention has been focused on them. Policy makers
should not, however, take this lack of mention as evidence
that these concerns will not surface in the future.
We did find that respondents had concerns about

using crops for producing biogas, echoing the heated
fuel-vs-food debate in Germany [50]. It is surprising that
French consumers would mention energy crops so often,
given that the feed-in-tariff mechanism of France’s energy
policy does not support the use of energy crops [63] and
French biogas plants hardly use any energy crops. So ei-
ther French consumers were aware of the controversy in
Germany or they were perhaps influenced by our present-
ing of energy crops as a substrate option. In either case,
policy makers can anticipate louder voices in the fuel-vs-
food debate as the French biogas market develops.
When questioned about the advantages of biogas, re-

spondents most frequently mentioned those advantages
enjoyed by countries such as Germany [49]. Surprisingly,
though, consumers voiced expectations that biogas would
lower the price of a gas product. This likely reflects the
underdeveloped biogas market in France and provides fur-
ther evidence for the low level of consumer knowledge
about biogas production and the biogas value chain.
This lack of knowledge may have contributed to the

widespread mistrust expressed by our respondents when
questioned about the environmental benefits of biogas
or the efficacy of carbon-offset mechanisms. Respondents
were skeptical of the climate effects achieved through pro-
jects financed by purchase of biomethane products, or
simply suspicious of facts unknown to them. Given that
biomethane-based gas products are credence goods, i.e.,
goods for which the consumer cannot verify environmen-
tal claims [64], high levels of perceived risk work in

Fig. 4 Card presenting a carbon-offset product to the interviewees
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concert with low levels of factual knowledge to produce
extreme reluctance on the part of a consumer to make
that critical purchasing decision. The impact of perceived
risk in consumer decision making has been widely studied
[65–72] and will have to be accounted for by both mar-
keters and policy makers in future efforts to build out the
French biogas market.
Regarding the environmental benefits of biomethane,

there are a number of life cycle analysis (LCA) studies.
Compared to direct combustion on-site, upgrading bio-
methane and using it as a vehicle fuel seems to be environ-
mentally advantageous [73]. Not surprisingly, biomethane
from organic waste and sewage sludge also is rated superior
compared to fossil fuels [74–76]. However, there are some
critical factors like feedstock type, fugitive methane emis-
sions, digestate management, and fossil fuel comparators
which can negatively affect the environmental performance
of biomethane [76–78]. In the case of using energy crops
such as maize for producing biomethane, the LCA looks
much less favorable [79], although still mostly positive com-
pared to fossil fuels [80], but can even yield negative results
compared to natural gas [81]. Therefore, consumers’ suspi-
cion regarding climate effects and other environmental
benefits is not generally supported by LCA research.
The preferences consumers stated for different attri-

butes of biomethane products are mostly in line with re-
search on green electricity in other countries. In Germany,
using maize for producing biogas is widely criticized in
the media as well as by consumers [49, 50], and we found
our French respondents to be similarly critical of energy
crops. That our respondents preferred local sources and
smaller providers is also in line with existing research on
green electricity [82–84] and can likely be counted on to
affect consumer response to energy policy initiatives.
Our findings regarding ecolabels do not correspond

with the research on the effect of ecolabels in the green
energy market. While our interviewees were rather positive
about ecolabels, research results in other regions have been
mixed. A number of studies have shown labels to be of
minor [83, 85] or even no importance to consumers [86],
while others have found both positive and negative effects
[87]. One potential reason for our findings is the low level
of knowledge and the resulting high level of uncertainty
affecting the French consumers in our study. Labels in this
situation can provide welcome assurance. Policy makers
and marketers may find that effective ecolabeling practices
depend heavily on the specific renewables product and
where it is marketed.
A key question in any renewable energy discussion be-

comes consumer willingness-to-pay. The price premiums
our interviewees stated they were willing to pay were
mostly below 20%; only one stated a willingness-to-pay up
to 30%, while 11 gave 10%, and four 20% as their numbers.
In the markets for green electricity, the majority of the

studies have found premiums between 3% and 19% [26].
However, our results are at best tentative, since the hypo-
thetical product we presented for purchase contained only
10% biomethane, and many of the green electricity prod-
ucts under review in past studies contained 100% green
electricity. The fact that over half our interviewee men-
tioned 10% may also be the result of an anchoring effect
[88] created by mention of the 10% biomethane content.
It is surprising that consumers in many cases rejected

carbon-offset products. Carbon-offset programs are a
widely used instrument in renewable energy policy, fea-
tured in many countries, including Germany, the UK,
Austria, and France. That our interviewees rejected such
policy instruments may stem from the general mistrust
they harbored or simply the skepticism that often ac-
companies public policy initiatives.

Conclusions
Policy makers can take our findings as an early indicator
that French consumers are ready to purchase green gas
products based on biomethane, so these products should
have a role to play in contributing to the energy transition
in France. Policies that support injection of biomethane
into the existing gas grid offer perhaps the most direct
way of integrating green gas into the nation’s energy sys-
tem; households can then choose a more environmentally
friendly heating option yet still retain the convenience of
existing installations.
Policy makers can promote biomethane to grid injec-

tion by removing current financial obstacles that hinder
it. Permitting biomethane producers to keep the full pro-
ceeds from the sale of GOO in the heating market would
stimulate development of the GOO market and so make
investments for grid connection, including production
and upgrading costs, more attractive to producers.
However, if we are taking the perspective of the French

government and its ambitious goals for biomethane, for
biomethane-based gas products to gain widespread ap-
plication in the French market, consumers’ low level of
knowledge and high level of mistrust must be overcome.
The French government could set minimum standards
for gas products that providers want to sell as green. In
the UK, such standards are already in place for green
electricity [89].
Policy makers and other actors in the public sector as

well as industry associations such as Club Biogaz—ATEE
and the Syndicat des Énergies Renouvelables could also
help by sponsoring educational and public relations
campaigns. Recall that in a survey of renewable sources
[34], only 1% of the respondents were able to identify
biogas as one such, while 61% could identify wind en-
ergy. However, we do not advocate the view that more
information or knowledge on the side of the consumer
will necessarily lead to a more positive attitude towards
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biomethane, a view that has, in a broader context of
public perceptions of science and technology, become
notorious as the “deficit model” [90, 91]. It may very well
be that with an increasing level of consumer knowledge
biomethane continues to be seen critical, albeit maybe
for other reasons. In Germany, promotion activities for
biogas carried out by the German Biogas Association which
has even hired a popular former athlete as their indus-
try ambassador [92] and by the semipublic organization
Zukunft Erdgas GmbH which runs campaigns for biogas
[93] have not resulted in overturning the widespread criti-
cism of biogas in the German public.
But the higher level of knowledge would allow consumers

at least a better-founded evaluation of biomethane-based
products, and consumers could make an informed decision
whether biogas can become an environmentally friendly
alternative in the heating market and thus contribute to the
country’s attaining its policy goals for the national energy
transition.

Implications for marketers
For French gas providers, biomethane-based products
represent an intriguing option to de-commoditize their
offer, gain competitive advantage, and contribute to the
national energy transition. For many households in France,
a gas product with a share of biomethane could be a way
towards a more environmentally friendly heating system
without having to change the heating technology used in
distribution or in the home.
In other countries, like Germany [2], the UK [94],

Belgium [21], or Austria [95], consumers can already pur-
chase green gas products based on biomethane. However,
comparison portals, e.g., in the UK and Austria, do not
always help customers find green gas products because they
do not always bring green attributes out in their search
engines. French biomethane producers would do well to
remedy this oversight and to sponsor comparison web por-
tals that bring out the attributes this study has shown
consumers respond to. This would include fields to flag
biomethane coming from local plants, biomethane coming
from small providers, biomethane generated from house-
hold waste or agricultural residues, and biomethane with
extra climate benefits attached to the purchase. These attri-
butes represent differentiators that producers could exploit
to position their products over the competition. They can
be combined with labeling approaches that quickly com-
municate the respective value proposition to the consumer.
Gas suppliers will also need to address the low levels

of knowledge about biomethane, as well as the high degree
of risk that consumers perceive, albeit our earlier caveat
about the deficit model applies here as well. Based on the
results from this study, French consumers should respond
positively to ecolabeling, which might help mitigate such

risk. But perceived risk, also present in other environmen-
tally friendly products [96], is a challenge in product mar-
keting. Marketers are called on to adopt trust-building
strategies. These include creating a strong brand with a
sterling reputation, giving clear information to consumers
about a product’s ecological impact, and providing trans-
parency in any premium pricing strategy [97]. Independent
third party certification agencies, as used for green electri-
city [83] and partly for green gas in Germany [2], could also
serve to build consumer trust.
Still, pricing may prove one of the most difficult parts

of a marketing strategy for biomethane aimed at French
consumers. While our respondents wanted a high per-
centage of biomethane in the product, they often did not
understand why biomethane should be more expensive
than natural gas. This may have to do with the fact that
biogas is generated from waste, so consumers assume it
comes with no raw material cost. But consumers’ lack of
understanding of the biogas value chain also leads them
to underestimate production costs. Furthermore, few
green energy products exist in the French market, which
means consumers have little experience making green
energy purchasing decisions and even less in under-
standing what they are paying for.
At work is the fact that low prices for green electricity

have led customers to believe they can save money and
do something good for the environment at the same
time [2]. Compounding this perception is the fact that
providers of green electricity have often failed to provide
detailed and convincing evidence of their products’ posi-
tive environmental impact [98]. However, we see this as
offering an opportunity to French marketers. Given that
the green gas market in France is still underdeveloped,
French marketers can capitalize on the mistakes made
by seasoned marketers of green electricity. They can do
this by providing clear evidence of how green gas bene-
fits the nation and the environment, while positioning
price premiums in the consumer’s mind as civic contri-
butions to France’s energy transition. Effective public re-
lations efforts will need to be more than promotional;
they will need to be educational as well.
Biomethane marketing campaigns can find guidance in

the results of our study. Consumers should respond posi-
tively to biomethane produced from household waste and
agricultural residues. Moreover, linking a product to local
sources, i.e., selling biomethane locally, offering an ecolabel,
and upgrading the product through an extra climate pro-
tection effect by financing climate protection projects, espe-
cially those in developing countries, will also increase the
product’s chance of succeeding in the market. The fact that
our results point to consumers preferring small specialized
suppliers could prompt incumbents to establish new spe-
cialized brands. Such a strategy, while responding to con-
sumer preferences, however, bears the risk of triggering
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consumer suspicions. A strategy of transparency would per-
mit the consumers to inherit “reliability” from the incum-
bent while still purchasing “green” in the new brand.
Our results concerning carbon-offset products indicate

that this type of “greening” a gas product might be cost-
effective but does not meet with positive reactions in the
market. Marketers who are committed to such a product
need to find a way to convince consumers of the genu-
ine green value of the approach. Overall, however, offer-
ing a biomethane-based product is likely to encounter
less resistance from the consumer.

Future research
With its qualitative design, this study cannot draw statisti-
cally robust conclusions about willingness-to-pay or the
quantitative value of specific product attributes. Moreover,
our results focus on interviews from a single region in the
south of France where the gas consumption per household
is lower than in the north. Based on the indications we have
found, a quantitative survey of consumer preferences and a
choice experiment to assess willingness-to-pay more pre-
cisely could be promising avenues for further research. For
such studies to have real merit, however, consumers must
have more familiarity with choices in the real world; other-
wise, there can emerge serious problems associated with
research based on hypothetical decisions [47, 99–103]. At
the current level of knowledge and familiarity of French
consumers with biogas, such a study would probably not
do much more than give providers an idea of which prod-
uct attributes are most highly valued by consumers in vari-
ous market segments. When performing such a study, it
should not solely focus on biomethane but embed this topic
into knowledge and perceptions of renewables in France in
general.
Another interesting question for such a survey would

be whether the attitudes of consumers who live in the
vicinity of a biogas plants are different from those who
do not have any personal experience with biogas. The
issue of perceived risk in biomethane products could
also be studied in more detail, drawing on the general
literature on perceived risk of consumer products [72].
Finally, the reasons for the rejection of carbon-offset
products could be further explored based on studies of
other carbon-offset products [104, 105].
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