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 34 

Abstract 35 

We studied people’s preferences to support a renewable energy programme to grow seaweed 36 

for biogas production, using a choice experiment. Participants had to choose one among three 37 

alternatives, two of which were variations of a seaweed programme and the third was the 38 

status quo. The two alternatives were defined in terms of four attributes: the number of 39 

households powered, the percentage of coastline used to farm seaweed, the additional cost 40 

they would incur and perks, which were added to encourage people to participate in the 41 

programme. The choice experiment was conducted online in England, Scotland and Northern 42 

Ireland among 2016 respondents. The compensating variation from a renewable energy 43 

programme from seaweed that powers 85,000 households and covers 20% of the UK 44 

coastline is £16 per year in England, £16 per year in Scotland and £14 per year in Northern 45 

Ireland, respectively. We find that people are willing to use more coastline to farm seaweed 46 

in order to power more households. That is, they are willing to make a trade-off between the 47 

visual disamenity caused by the seaweed farms and producing more green energy. Lastly, 48 

both perks have negative effects on people’s preferences for using seaweed as biogas.  49 

 50 

Keywords: choice experiment, random parameter logit, seaweed, biogas, coastline, visual 51 

disamenity 52 

JEL classification:  Q51, C35, Q42 53 

 54 
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One of the main challenges that societies and economies will be facing in the coming 57 

years is adapting to and mitigating climate change. The threat imposed by this phenomenon 58 

is becoming more prevalent due to our dependence on fossil fuels, the main cause of current 59 

global warming (IPCC, 2014). Increasing the production of renewable energy is seen by 60 

governments as one of the means to reduce anthropogenic greenhouse gas emissions. The 61 

UK government set a target to produce 20% of electricity by 2020 from renewable sources 62 

(Department of Trade and Industry, 2006), and, more recently, launched a bioeconomy 63 

strategy to harness renewable biological resources to replace fossil resources in innovative 64 

products, processes and services (HM Government, 2018). Whilst first generation biogas 65 

from crops are controversial for their possible impact on the supply of food (Gallagher, 66 

2008), second generation biogas from solid waste and food waste appears more promising 67 

(Naik et al, 2010). Within this policy framework, seaweed, and in particular sugar kelp 68 

(Saccharina latissima), being rich in sugar content and not requiring land or freshwater,  has 69 

the potential to be an important source for biogas production, also thanks to the extensive 70 

UK coastline suitable for commercial seaweed farming and harvesting (van der Molen et al, 71 

2018).   72 

No commercial seaweed farm exists in the UK that grows seaweed to produce biogas. 73 

To understand the challenges in this venture, the UK Biotechnology and Biological Sciences 74 

Research Council (BBSRC) funded the SeaGas project to develop a study site in Strangford 75 

Lough, Northern Ireland, where researchers were able to grow 20 tons of seaweed per year 76 

(www.seagas.co.uk), enough to power about 12 households per year, by placing 24 longlines 77 

along 300 metres of coastline. The study found that the cost of growing and harvesting one 78 

ton of seaweed is about £2,000. These costs translate to about £3,300/year for powering one 79 

household and include the seeding and deployment of the baby seaweed, and then harvesting 80 

http://www.seagas.co.uk/


4 
 
the algae at maturity and transporting it to an anaerobic digestion plant suitable to receive 81 

marine biomass rich in salt. This cost can be compared with the annual household electricity 82 

bill in the UK, which is about £700 (Department for Business, Energy & Industrial Strategy, 83 

2019). The research team concluded that these production costs are prohibitively high, and 84 

that if seaweed should be used for energy generation, its production cost should be reduced 85 

to £23/ton to be competitive with alternative biomass sources, such as corn and grass silage. 86 

Whilst it is possible to cut costs through technological developments in the harvesting of 87 

seaweed, and with economies of scale using larger farming areas, it is unlikely that this 88 

activity be sustainable without the support of subsidies.   89 

In this study, therefore, we explore society’s willingness to pay (WTP) for supporting 90 

the use of seaweed for energy production, in the form of an additional cost on top of 91 

households’ electricity bills, using a discrete choice experiment (CE) method. This is the first 92 

study to explore society’s price premium for growing seaweed for energy production. In 93 

addition, we explore how to mitigate free-riding behaviour in CEs, which is quite common 94 

when participation in environmentally-friendly programmes is voluntary. To overcome this, 95 

we offer some perks to our participants to recognize people’s contribution to the public good 96 

programme. The first perk is a Facebook profile picture overlay with an eco-friendly stamp, 97 

whilst the second perk is a letter to the participant certifying the positive effect their 98 

contribution would have in supporting the seaweed programme.  99 

    The rest of the article is structured as follows. The next section reviews the literature 100 

on the use of CEs for renewable energy production and for reducing free-riding behaviour. 101 

In the following section, the methodology of the CE is detailed and then the design of the CE 102 

is described. Next we present our results, before discussing the implications of our findings 103 

in the final section of the paper. 104 
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 105 

2 Literature Review 106 

Some CEs have been conducted studying people’s preferences for using biomass as 107 

a source of energy. Borchers, Duke and Parsons (2007) conducted a CE to elicit people’s 108 

preferences for participation in green electricity programmes. They find that there is a 109 

positive WTP for green electricity, but that biomass and farm methane are the least preferred 110 

sources. Susaeta, Lal, Alavalapati and Mercer (2011) analysed people’s preferences for 111 

woody biomass, and they found that the levels of the two attributes - reduction of CO2 112 

emissions and improvement of forest habitat - were not statistically significant. Three other 113 

articles focus on people’s preferences for using forest biomass as a source of electricity in 114 

Spain (Soliño, 2010; Soliño et al, 2012; Soliño, Prada and Vázquez, 2010). They find that 115 

people value a decrease in pressure on non-renewable sources and lower risk of forest fires 116 

the most. Moving away from woody biomass, Lim, Lim and Yoo (2014) studied respondents’ 117 

WTP for converting waste to energy, and found a positive WTP. Using a similar biogas 118 

production process, Zemo and Termansen (2018) researched farmers’ willingness to 119 

participate in a partnership-based biogas investment in order to increase farmers’ low 120 

engagement. The collective investment had the desired effect even among farmers who had 121 

never considered investing in biogas before. Lastly, Solomon and Johnson (2009) used the 122 

contingent valuation method and fair share format question to analyse the public's valuation 123 

of mitigating global climate change through its WTP for biomass or “cellulosic” ethanol. 124 

They found that a larger proportion of respondents were willing to pay extra for cellulosic 125 

ethanol in the contingent valuation than in the fair share scenario. 126 

Few studies have looked at people’s preferences for seaweed farming. For example, 127 

Kosenius (2010) studied the general public’s water quality preferences in the Gulf of Finland. 128 
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Four attributes were used to describe the possible improvement in the water quality: water 129 

clarity, abundance of non-attractive fish, status of a type of seaweed, and mass occurrences 130 

of blue-green algae blooms. She found that the most important attribute was water clarity, 131 

followed by a preference for fewer blue-green algae blooms. However, to the best of our 132 

knowledge, no CE has been conducted on the preferences of using seaweed as a source of 133 

biogas. Given that this is a fairly recent development in renewable energy, it is not very 134 

surprising. 135 

 Free-riding can be quite common in environmentally-friendly behaviour since the 136 

impact of one person making some sort of contribution towards improving the environment, 137 

such as recycling or buying “green” energy, may seem negligible. Furthermore, if a person 138 

does not contribute, he/she still receives the benefits of others contributing, thus people are 139 

incentivised to free-ride. Bartlett and DeSteno (2006) and Falk (2007) show that when there 140 

is some reciprocity for a public good contribution, the level of the provision of the public 141 

good increases.  142 

In this article, respondents are presented with a CE that entails three options – the 143 

current situation, and two alternative hypothetical programmes which use seaweed for energy 144 

production. Respondents choose whether or not to opt into one of the seaweed programmes, 145 

which can be interpreted as contributing to a public good. We explore the trade-offs that 146 

people are prepared to make to increase the production of renewable energy from seaweed 147 

and the area of coastline affected by seaweed farms. We further investigate how two different 148 

perks affect free-riding behaviour by providing respondents with some reciprocity for their 149 

willingness to contribute to the public programme in the form of (i) a Facebook profile picture 150 

overlay with an eco-friendly stamp, and (ii) a personal letter from the electricity supplier to 151 
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the participant with a recognition of the respondent’s role in supporting the seaweed 152 

programme.   153 

   154 

3 Methodology: choice experiments 155 

A CE, a non-market valuation method, is commonly used when eliciting people’s 156 

preferences for environmental goods or services whose prices are not determined by the 157 

market (Tait et al, 2017; Chaikaew, Hodges and Grunwald, 2017). CEs have been widely 158 

used not only in environmental (Hoyos, 2010; Mariel et al, 2013; Taylor and Longo, 2010), 159 

and energy economics (Abdullah and Mariel, 2010; Boeri and Longo, 2017; Longo et al, 160 

2008), but also in the fields of health (Ryan et al, 2007; Boeri et al, 2013; Grisolia et al, 2013, 161 

2018; Morgan et al, 2017; Veldwijk et al, 2017), transportation (Bahamonde-Birke et al, 162 

2017; Higgins, Mohamed and Ferguson, 2017), and marketing (Farsky et al, 2017; 163 

Mahadevan and Chang, 2017), among others. Participants have to choose one hypothetical 164 

alternative, among various, which describe different scenarios, each composed of the same 165 

attributes, but differ in levels. One of the advantages of this methodology is that since it 166 

forces people to make trade-offs, it reveals how they value the goods or services (Freeman 167 

III, 2003). One of the attributes is usually price or cost, which allows a monetary value to be 168 

assigned to people’s preferences, or their WTP.  169 

The utility function for a person choosing a hypothetical alternative on a choice 170 

occasion is given by: 171 

(1)                                                                  𝑈𝑛𝑡,𝑗 = 𝛽𝑛
′𝑥𝑛𝑡,𝑗 + 𝜀𝑛𝑡,𝑗,                                                              172 

where 𝛽𝑛
′
 is a vector for the individual specific utility weights for respondent 𝑛, 𝑥𝑛𝑡,𝑗  a 173 

vector of attribute levels for alternative 𝑗 on choice occasion 𝑡, and the error term, 𝜀𝑛𝑡,𝑗 , 174 

which is independently and identically distributed as extreme value type I and unobserved 175 
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by the researcher. This utility function is for a random parameter (RPL) model, which 176 

assumes people have heterogeneous preferences. Therefore, the parameters are random 177 

variables assumed to have a specific distribution.  178 

It is assumed that when comparing the hypothetical alternatives, the respondent will 179 

choose the alternative 𝑖 that gives him/her the highest utility, such that 𝑈𝑛𝑡,𝑖 > 𝑈𝑛𝑡,𝑗, ∀𝑗 ≠ 𝑖 180 

(McFadden, 1974). Thus, the probability of respondent 𝑛 choosing alternative 𝑗 on choice 181 

occasion 𝑡 is: 182 

(2)                                                        𝑃𝑛𝑡,𝑗 =
exp(𝑥𝑛𝑡,𝑗

′ 𝛽𝑛)

∑ exp(𝑥𝑛𝑡,𝑗
′ 𝛽𝑛

𝐽
𝑗=1 )

. 183 

Since respondents in our questionnaire are asked to pick one option in each of 10 choice 184 

occasions, the conditional probability of respondent 𝑛 choosing the sequence of 10 choices 185 

is given by: 186 

(3)                                                          𝑃𝑛|𝛽𝑛 = ∏ 𝑃𝑛𝑡,𝑗|𝛽𝑛
10
𝑡=1 . 187 

Since 𝛽𝑛 is unknown, it must be integrated out of the conditional probability. We assume that 188 

it is a random variable with density function 𝑓(∙) that depends on a set of parameters Ω. The 189 

log likelihood function of the conditional logit model is defined as: 190 

(4)                                           𝑙𝑜𝑔𝐿 = ∑ 𝑙𝑛 ∫ ∏ 𝑃𝑛|𝛽𝑛
𝑇
𝑡=1



𝛽𝑛
𝑓(𝛽, Ω)𝑑𝛽𝑛

𝑁
𝑛=1 . 191 

 Lastly, the WTP for a good or service is the marginal rate of substitution between a 192 

non-monetary attribute and cost. In the RPL model, it is a random variable defined as a 193 

negative ratio of a non-monetary and a monetary coefficient. 194 

 The analysis can also include socio-demographic variables, such as age, gender, 195 

education level, etc. This is done by interacting the socio-demographic variables with the 196 

attributes in the utility function. 197 

4 Design of the questionnaire 198 
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The objective of the questionnaire was to determine people’s preferences for using 199 

seaweed as a source for renewable energy. The questionnaire was developed as part of the 200 

SeaGas project, in which biologists, engineers and economists explored the potential of 201 

extracting biogas from seaweed using a 7.5-hectare seaweed site situated in Strangford 202 

Lough, Northern Ireland, as a case study. After initial focus groups and piloting, an online 203 

questionnaire was developed and then administered through the Qualtrics platform by the 204 

marketing research company Netigate in England, Scotland and Northern Ireland from 205 

October 2017 to January 2018; they were instructed to collect a representative sample of the 206 

population in terms of age and gender.  207 

 The questionnaire was divided into three parts. First, respondents were asked about 208 

their attitudes regarding climate change and the environment in general using a set of 209 

questions from two Eurobarometer surveys: the first on climate change (EB 87.1), the second 210 

focusing on the attitudes towards the environment (EB 81.3); both were conducted by the 211 

European Commission. Participants were then informed about the possibility of growing 212 

seaweed as a new source of renewable energy, and the resulting advantages and 213 

disadvantages, along with a couple of pictures. They were specifically told:  214 

 215 

“Recently, scientists have studied using seaweed as a source of renewable 216 

energy. Seaweed farms can be grown in salt water, from long lines supported 217 

by buoys and are harvested once a year.  The seaweed is treated through a 218 

biological process, which generates methane gas.  The methane can be passed 219 

through an engine to produce renewable energy. The potential benefit of 220 

seaweed farming is that there is no competition with land resources to grow 221 

the crop, therefore no chemical fertilizers and there is improved waste 222 
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processing.  However, seaweed farms may hinder recreational use at a specific 223 

site, might affect the local fishermen and the view of the buoys might bother 224 

some people.” 225 

 226 

This led into the second part of the questionnaire: the CE. Before being presented with ten 227 

choice sets, the four attributes were presented, along with their corresponding levels. As can 228 

be seen in Table 1, the four attributes in the choice sets were: (1) the number of households 229 

powered using seaweed as the source of renewable energy, representing the scale of the 230 

project, with three levels: 45,000 households, 85,000 households and 130,0000 households; 231 

(2) the percent of coastline used for seaweed farms, its levels being 10%, 20% and 30% of 232 

the coastline; (3) an increase in electricity bill per year, with five levels ranging from £10 to 233 

£150; and (4) perks: receiving a letter detailing their contribution, in terms of how many 234 

households they helped power, receiving a certified eco-friendly overlay for their Facebook 235 

profile picture, or nothing. The attributes were described one at a time, with a question about 236 

the amount respondents pay on their electricity bill after the price attribute description, and 237 

a Likert scale question after each of the other attributes on the importance of that particular 238 

attribute to the respondents. These questions aimed at breaking the monotonicity of the 239 

attributes description and maintain the focus of the respondent on our survey.  240 

Table 1. Attributes and their Levels 241 

Attributes Levels 

Number of households powered 45,000; 85,000; 130,000 

Percent of coastline used for seaweed farms 10%, 20%, 30% 

Increase in electricity bill per year £10, £20, £50, £100, £150 

Perks 
Facebook profile picture overlay, A letter with 

your contribution, Nothing 
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In each choice set, respondents had to choose one among two hypothetical seaweed 242 

projects and a “neither” scenario, which meant that there would be no change to their current 243 

situation. A full factorial was not possible since the four attributes and their levels resulted 244 

in a large number of combinations (33 × 51 = 135). Thus, a D-efficient design for random 245 

parameter models was generated, using only a subset of the full factorial, in Ngene 246 

(ChoiceMetrics, 2012). Some restrictions were made to the design in order to avoid one 247 

alternative dominating another. For example, if an alternative was better in terms of the 248 

number of households powered (the more the better) or the percentage of the coastline used 249 

(the smaller the better), then it had to cost more than the other alternative.2 The experimental 250 

design comprised of three blocks, with 10 rows in each block. The order of the choice sets 251 

was randomized to avoid an ordering effect. Figure 1 presents a sample choice set used in 252 

the online questionnaire.  253 

 254 

 255 

Figure 1. Sample choice set 256 

  257 

                                                        
2 The specific case of 130,000 households powered using 10% of the coastline was not excluded as the 

seaweed site could extend further out into the sea, all the while only using 10% of the coastline. 
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After choosing an alternative in each of the 10 choice sets, respondents were 258 

debriefed with some basic socio-demographic questions, which included a question that 259 

asked respondents if they had a Facebook account. 260 

 261 

5 Results 262 

The results are examined in terms of three subsections: the choice experiment results, the 263 

willingness to pay results, and the compensating variation measures. 264 

 265 

5.1 Choice experiment results 266 

The sample of respondents for England (1,089 respondents), Scotland (537 267 

respondents) and Northern Ireland (390 respondents) do not differ greatly in most socio-268 

demographic variables as can be seen in Table A4 in the Appendix, which presents the 269 

descriptive statistics of the main variables. The samples are representative in terms of age 270 

and gender as according to the 2011 census results for England, Scotland and Northern 271 

Ireland, the mean age of the population was 39.3, 40.3 and 37.6, respectively (Office for 272 

National Statistics, 2018; National Records of Scotland, 2018; Northern Ireland Statistics and 273 

Research Agency, 2018). With respect to gender, slightly more than half of the population 274 

was female in 2011 (50.8% of the English population, 51.5% of the Scottish population and 275 

51% of the Northern Irish population) (Office for National Statistics, 2018; National Records 276 

of Scotland, 2018; Northern Ireland Statistics and Research Agency, 2018).  277 

  The RPL models were estimated using PythonBiogeme version 2.4 (Bierlaire, 2008). 278 

Tables 2-4 present the RPL model results for each of the three countries. Two alternative-279 

specific constants in the utility functions for alternatives 1 and 3 were included in the models. 280 

The alternative-specific constant included in the utility for alternative 3 represents the 281 
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“neither” alternative, or the status quo option. All variables except for price were coded as 282 

dummy variables. One random parameter is assumed to have a log-normal distribution with 283 

a negative sign (price), while the others were assumed to have normal distributions. 284 

As can be seen from Tables 2-4, the first alternative-specific constant is not 285 

statistically significant, but the second is statistically significant at the 1% significance level 286 

and negative, indicating that people are more likely to choose either the first or the second 287 

alternative more than the status quo. This means that people prefer to opt into a seaweed 288 

project rather than not. The estimated coefficient for the price attribute is statistically 289 

significant at the 1% significance level and negative. Since the mean for the price coefficient 290 

is assumed to be log-normally distributed, its median for the English sample, for example, is 291 

−exp(−3.470) = −0.031 , and the mean is −exp (−3.470 +
1.7602

2
) = −0.146.  The 292 

dummy variables representing the number of households being powered are both positive 293 

and statistically significant at the 1% significance level, with the magnitude of the second 294 

dummy variable always larger than the first. Therefore, people prefer a larger scale seaweed 295 

project. The percentage of the coastline used for seaweed farming is negative and statistically 296 

significant at the 10% significance level or better, with an increasing magnitude, in line with 297 

our expectations. Thus, people prefer a smaller percentage of the coastline being used to farm 298 

seaweed. 299 

Moving on to the first perk, receiving a letter detailing the respondent’s contribution, 300 

the estimated mean of the random parameter is not statistically significant for the English 301 

respondents, but is negative and statistically significant at the 5% level for Scotland and 302 

Northern Ireland. Regarding the Facebook profile picture overlay, for all three countries, the 303 

estimated coefficient is negative and statistically significant at the 1% significance level. 304 

Therefore, neither of the two perks have a positive impact on encouraging more people to   305 
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Table 2. RPL Results for England 306 

  

Est.  

Coefficient 
St. Err. St. Dev. St. Err. 

ASC1 0.042 (0.035)   

ASC3 (Status Quo) -2.920*** (0.114)   

Random Parameters     

Log-normal distribution     

Price -3.470*** (0.066) 1.760*** (0.064) 

Normal distribution     

Number of households powered  

(baseline = 45,000 households): 
    

85,000 households 0.664*** (0.056) 0.537*** (0.106) 

130,000 households 0.994*** (0.080) 1.280*** (0.100) 

% of coastline used for seaweed 

farming (baseline = 10%): 
    

20% of the coastline -0.173*** (0.051) 0.771*** (0.081) 

30% of the coastline -0.408*** (0.063) 1.150*** (0.083) 

Perks:     

Letter with contribution -0.042 (0.048) 0.305** (0.140) 

Facebook profile pic. overlay -0.270*** (0.059) 0.661*** (0.085) 

Number of observations 10890 

Number of estimated parameters                               16 

Log-likelihood -8043.658 

AIC 16119.316 

BIC 16236.046 

McFadden’s Pseudo R-squared 0.325 

Note: Triple asterisk (***), double asterisk (**) and asterisk (*) denote significance at the 1%, 5%, 

and 10% level, respectively. 

 307 

 308 

 309 

 310 

 311 

 312 

 313 
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Table 3. RPL Results for Scotland 314 

  

Est. 

Coefficient 
St. Err. St. Dev. St. Err. 

ASC1 -0.034 (0.052)   

ASC3 (Status Quo) -3.200*** (0.164)   

Random Parameters     

Log-normal distribution     

Price -3.200*** (0.101) 1.660*** (0.096) 

Normal distribution     

Number of households powered  

(baseline = 45,000 households): 
    

85,000 households 0.751*** (0.076) 0.121 (0.130) 

130,000 households 1.020*** (0.111) 1.140*** (0.117) 

% of coastline used for seaweed 

farming (baseline = 10%): 
    

20% of the coastline -0.117* (0.070) 0.647*** (0.133) 

30% of the coastline -0.377*** (0.092) 1.280*** (0.126) 

Perks:     

Letter with contribution -0.144** (0.073) 0.393*** (0.151) 

Facebook profile pic. overlay -0.421*** (0.094) 0.766*** (0.124) 

Number of observations 5,370 

Number of estimated parameters 16 

Log-likelihood -3800.249 

AIC 7632.498 

BIC 7737.915 

McFadden’s Pseudo R-squared 0.354 

Note: Triple asterisk (***), double asterisk (**) and asterisk (*) denote significance at the 1%, 5%, 

and 10% level, respectively. 

 315 

 316 

 317 

 318 

 319 

 320 

 321 
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Table 4. RPL Results for Northern Ireland 322 

  

Est. 

Coefficient 
St. Err. St. Dev. St. Err. 

ASC1 -0.057 (0.054)   

ASC3 (Status Quo) -2.890*** (0.182)   

Random Parameters     

Log-normal distribution     

Price -3.520*** (0.104) 1.620*** (0.097) 

Normal distribution     

Number of households powered  

(baseline = 45,000 households): 
    

85,000 households 0.608*** (0.084) 0.313 (0.213) 

130,000 households 0.908*** (0.123) 1.100*** (0.149) 

% of coastline used for seaweed 

farming (baseline = 10%): 
    

20% of the coastline -0.200** (0.082) 0.617*** (0.137) 

30% of the coastline -0.385*** (0.096) 0.893*** (0.130) 

Perks:     

Letter with contribution -0.165** (0.082) 0.561*** (0.144) 

Facebook profile pic. overlay -0.524*** (0.103) 0.733*** (0.136) 

Number of observations 3,900 

Number of estimated parameters 16 

Log-likelihood -2943.082 

AIC 5918.164 

BIC 6018.464 

McFadden’s Pseudo R-squared 0.309 

Note: Triple asterisk (***), double asterisk (**) and asterisk (*) denote significance at the 1%, 5%, 

and 10% level, respectively. 

 323 

  324 
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opt into one of the seaweed projects. 325 

To investigate this strong negative result of the Facebook overlay picture, we re-ran 326 

our models excluding respondents without a Facebook profile. However, limiting the sample 327 

to only respondents with Facebook accounts does not affect the results, as can be seen in 328 

Tables A1-A3 in the Appendix. Next, we postulate that a Facebook profile picture overlay 329 

might sway young participants, but not older participants, with the effect remaining hidden 330 

when analysing the full sample. However, re-estimating the RPL models with a dummy 331 

variable representing participants aged 18-25 interacted with the Facebook attribute shows 332 

there is no age effect on this perk. To further test the appeal of the two perks, we report in 333 

Figure 2, the bar plots of the responses, divided for individuals with and without Facebook 334 

accounts, to the Likert scale question “How much are these perks likely to affect your 335 

participation?”, with possible answers being “None”, “Very little”, “Some”, “A lot”, “Don’t 336 

know”. A visual interpretation of the graphs indicates that only for a minority of respondents, 337 

receiving either perks would affect their likelihood to support the renewable energy 338 

programme a lot. As the graphs show, there is strong dependence between the two variables. 339 

A 𝜒2  test rejects the null hypothesis of independence, in all six cases, concluding that people 340 

with and without Facebook have different preferences for the two perks.    341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 
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Figure 2: Responses to the question “Is the perk likely to affect your decision to opt into 351 

the seaweed project scheme?” 352 
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level of 45,000 households powered. The median value is similar for both dummy variables 359 

across the three countries, but the dummy variable that represents 130,000 households being 360 

powered has the largest dispersion.  361 

 362 

Table 5. WTP results by country 363 

 England  Scotland  Northern Ireland 

 25th  75th  25th  75th  25th  75th 

 percentile  Median  percentile    percentile  Median  percentile    percentile  Median  percentile  

            
85,000 

households £2.70 £14.00 £59.10  £6.10 £18.80 £59.30  £5.20 £17.70 £59.00 

130,000 

households £0.70 £17.30 £87.80  £1.60 £15.70 £70.30  £1.60 £19.50 £82.30 

20% 

coastline -£20.80 -£1.60 £7.10  -£13.10 -£0.80 £6.13  -£29.00 -£6.00 £4.00 

30% 

coastline -£43.00 -£4.50 £5.50  -£33.00 -£3.80 £7.40  -£43.00 -£6.50 £3.40 

Letter -£7.50 -£0.40 £3.30  -£11.60 -£1.50 £1.60  -£19.70 -£2.30 £4.30 

Facebook -£27.50 -£3.50 £2.60  -£30.80 -£5.40 £0.90  -£48.50 -£10.30 -£0.20 

 364 

Both WTP measures for the percentage of coastline used are negative across all three 365 

countries. Although the median values are similar for both dummy variables, the larger 366 

percentage has a slightly more negative median than the middle value of 20% of coastline 367 

used, meaning they are increasingly less desirable than the smallest value of 10%. The WTP 368 

for 30% coastline used also has a large dispersion, which means there is a larger 369 

heterogeneity among respondents, with some respondents having a stronger aversion to using 370 

30% of the coastline for growing seaweed than others. 371 

Lastly, the median value corresponding to the first perk, the letter detailing the 372 

participant’s contribution in terms of the number of households powered, is close to zero for 373 

all countries. Moving on to the second perk, the Facebook profile picture overlay with an 374 

eco-friendly stamp, the median value for all three countries is negative. This perk also has a 375 
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much larger dispersion than the first perk, meaning that there are people who strongly dislike 376 

the idea of using a Facebook profile picture overlay as an incentive to opt-in.  377 

 378 

5.3 Compensating variation measures 379 

Using the RPL model estimated coefficients in Tables 2-4, compensating variation 380 

(CV) measures are estimated for each of the three countries. In order to calculate the CV 381 

measures, we assume different increases or decreases in attributes from the baseline scenario 382 

of 45,000 households powered, 10% of coastline used to farm seaweed and no perks, 383 

represented by one of the seven scenarios listed in Table 6.   Since there is still no consensus 384 

on whether or not to include the constants (Adamowicz et al, 2011; Oehlmann et al, 2017), 385 

and the main objective of the CV measures is a relative comparison, the constants are left out 386 

for simplification purposes. Nevertheless, the inclusion of the constant in our case does not 387 

change the outcome significantly because our CV measures represent changes from the 388 

baseline scenario that corresponds to one of the non-SQ alternatives. As can be seen in the 389 

output of Tables 2, 3 and 4, these constants (ASC1) are small (in absolute) values and 390 

statistically not significant at 5%. 391 

The first column in Table 6 presents the different scenarios for which we calculated 392 

the CV measures, the second, third and fourth columns display the CV measures for England, 393 

Scotland and Northern Ireland, respectively, with the standard errors in brackets below. The 394 

values are in British Pounds per year.  395 

The first three scenarios include the middle levels of both the number of households 396 

powered attribute as well as the percentage of coastline used to farm seaweed, i.e., 85,000 397 

households and 20% of coastline used. What varies between the three scenarios are the perks 398 

offered. It is clear that, among the first three scenarios, the first scenario has the highest CV 399 
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Table 6. Compensating Variation Measures in £ per Year 400 

Scenarios England Scotland 
Northern 

Ireland 

1 
85,000 households, 20% of coastline,  
no perks 

15.78*** 

(2.573) 
15.55*** 

(2.874) 
13.78*** 

(4.124) 

2 
85,000 households, 20% of coastline,  
letter 

14.44*** 

(2.885) 
12.02*** 

(3.163) 
8.21* 

(4.671) 

3 
85,000 households, 20% of coastline, Facebook  7.10** 

(3.025) 
5.23 

(3.378) 
-3.92 

(5.156) 

4 
130,000 households, 30% of coastline,  
no perks 

18.83*** 

(3.194) 
15.77*** 

(3.490) 
17.67*** 

(5.033) 

5 
130,000 households, 30% of coastline,  
letter 

17.50*** 

(3.514) 
12.24*** 

(3.807) 
12.09** 

(5.591) 

6 
130,000 households, 30% of coastline,  
Facebook 

10.16*** 

(3.598) 
5.45 

(4.006) 
-0.034 

(5.911) 

7 
130,000 households, 10% of coastline,  
no perks 

31.94*** 

(3.049) 
25.02*** 

(3.430) 
30.68*** 

(4.793) 
Note: (i) Triple asterisk (***), double asterisk (**) and asterisk (*) denote significance at the 1%, 5%, and 10% level, 

respectively; (ii) standard errors were calculated using the delta method. 

 401 

measure at an average of £15.78 per year in England, £15.55 per year in Scotland and £13.78 402 

per year in Northern Ireland. These measures decrease if a letter is offered as a perk, by as 403 

much as £5.57 per year (for Northern Ireland). If instead of a letter, the Facebook profile 404 

picture overlay is offered as a perk, the CV measures decrease even more, with the measures 405 

not statistically significantly different from zero for Scotland and Northern Ireland. Thus, 406 

simply adding this perk to a scenario where people were willing to pay a positive amount can 407 

take away people’s WTP altogether. 408 

Scenarios 4-6 have the highest levels of the number of households powered (130,000) 409 

and the percentage of coastline used (30%), and, once again, only vary by the type of perk 410 

offered. In scenario 4, where no perk is offered, the CV measures are higher than in scenario 411 

1, but the difference is not statistically significant at the 5% level for any of the three 412 

countries. Nevertheless, this means that they are indifferent between scenario 1, which 413 

powers 85,000 households and uses 20% of the coastline, and scenario 4, which powers 414 

130,000 households and uses 30% of the coastline. In other words, people are willing to 415 
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relinquish more of the coastline to seaweed farming as long as more households are powered. 416 

Similar to scenarios 1-3, the CV measures decrease if a letter is added to scenario 4, and 417 

decrease even more if a Facebook profile picture overlay is offered. Once again, the CV 418 

measures for Scotland and Northern Ireland cease to be statistically significant, as can be 419 

seen in scenario 6.  420 

Lastly, the highest CV measure is scenario 7, powering 130,000 households, only 421 

using 10% of the coastline for farming seaweed, and not offering any perks. The highest 422 

value is for England at £31.94 per year, followed by Northern Ireland with a value of £30.68 423 

per year, and Scotland with £25.02 per year. This would be the most expensive scenario, if 424 

the seaweed project were to be implemented. 425 

 426 

6 Discussion and conclusion  427 

To the best of our knowledge, this is the first study of people’s WTP for the use of 428 

seaweed as a source of biogas. This environmentally-friendly programme does not compete 429 

for land, a common problem for land biomass sites, and therefore, could offer a sustainable 430 

solution for increasing energy demand. However, the cost of implementing this type of 431 

energy project may be high at first. As a result, a CE is conducted to elicit people’s 432 

preferences for this new source of biogas, which allows for the simulation of people’s WTP 433 

as well as the analysis of CV measures for different scenarios.  434 

Given that free-riding behaviour can be common when people are asked to be pro-435 

active with regards to helping the environment, two perks were introduced to provide 436 

respondents with some reciprocity for their willingness to support the public programme of 437 

renewable energy from seaweed farming. The first perk entails receiving a Facebook profile 438 

picture overlay of an eco-friendly stamp certified by the electricity provider. The second perk 439 
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is a letter the respondent would receive if they were to opt into a seaweed project, detailing 440 

the participant’s contribution, in terms of the number of households powered. 441 

 We found that neither of the two perks had a positive impact on encouraging people 442 

to opt into one of the seaweed projects. In fact, both decreased the CV measures, with the 443 

Facebook profile picture overlay decreasing it the most. The preferences for the Facebook 444 

profile picture were more heterogeneous than for the letter, indicating that people differ in 445 

preferences for the former, but not as much for the latter. One possible interpretation of this 446 

result is that participants did not like the perks that were offered and simply did not want 447 

their profile picture to be altered, nor were they keen to receive a small gift – the letter – in 448 

recognition for their support of the public programme. Thus, if this project were to be 449 

implemented, it would be advisable to leave out the perks. 450 

When deriving the policy recommendations from our results, policy makers may want 451 

to focus on scenarios 1, 4, and 7 of Table 6 to consider the impact of different attribute-level 452 

combinations on the support of renewable energy projects based on seaweed farming. The 453 

difference in compensating variation between scenarios 1 and 4 is quite small, and a 454 

convolution method test (Poe et al, 2005) finds that there is no statistically significant 455 

difference at the 5% level between the CV of these two scenarios. For example, in Scotland, 456 

at a price of about £15 per year in both scenarios, respondents are indifferent between 457 

supporting a programme that powers 130,000 households with renewable energy and requires 458 

the use of 30% of the coastline, and a programme that powers 85,000 households requiring 459 

the use of 20% of the coastline. In other words, our respondents are willing to accept that a 460 

larger area of the coast needs to be used if more households can be powered by renewable 461 

energy from seaweed. Scenario 7 then shows that respondents are willing to pay almost twice 462 

as much as for scenarios 1 or 4, about £25 per year in Scotland, £32 in England and £31 in 463 
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Northern Ireland, to support a programme able to power 130,000 households, using only 10% 464 

of the coastline. Aggregating this to the total households in each country, these values 465 

correspond to £705 million in England, £59 million in Scotland and £21.6 million in Northern 466 

Ireland.3 Whilst this might be the most profitable scenario for the policy maker, and the one 467 

disrupting the beauty of the seascape the least, it would require considerable investments to 468 

increase the productivity of seaweed farms, which could be achieved, for example, selecting 469 

seaweed species that can be harvested more than once a year, and less likely to suffer from 470 

disease.  471 

What perhaps is the most interesting result of this choice experiment is that people 472 

are willing to make a trade-off between their visual disamenity and powering more 473 

households, suggesting that the visual disamenity caused by seaweed farms is not very strong. 474 

Wind farms, on the other hand, have encountered a lot of public opposition due to visual 475 

intrusion (Soerensen et al, 2001). Even building wind farms offshore does not eliminate the 476 

visual disamenity they cause (Ladenburg and Dubgaard, 2007). This is understandable since 477 

seaweed farms are mostly underwater and not as visible as wind farms. Perhaps due to this 478 

difference in visual intrusion, we find a strong preference for larger seaweed farms, while 479 

this is not the case for offshore wind farms (Ek, 2006; Ladenburg and Dubgaard, 2007). 480 

Although a cost-benefit analysis comparing the two types of renewable energies is needed, 481 

our findings suggest that seaweed farming could provide several advantages. Firstly, it 482 

appears to be generally acceptable by the public; the strong preference for larger seaweed 483 

farms could allow this green energy to reach more households. Furthermore, while a larger 484 

                                                        
3 This is based on the number of households in 2011. For England, this was 22,063,368, for Scotland it was 2,372,780 and 

for Northern Ireland it was 703,275 (Office for National Statistics, 2011). 
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wind farm would mean more visual intrusion and, perhaps, more noise, a seaweed farm could 485 

simply be extended further out into the sea, leaving the seascape unaffected. 486 

 487 

  488 

 489 

 490 

 491 

 492 

 493 

  494 
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Appendix 758 

Table A1. RPL Results Limited to Sample with a Facebook Account for England 759 

  

Est. 

Coefficient 
St. Err. St. Dev. St. Err. 

ASC1 0.068* (0.039)   

ASC3 (Status Quo) -3.000*** (0.130)   

Random Parameters     

Log-normal distribution     

Price -3.500*** (0.079) 1.680*** (0.079) 

Normal distribution     

Number of households powered  

(baseline = 45,000 households): 
    

85,000 households 0.676*** (0.060) 0.240 (0.261) 

130,000 households 1.080*** (0.093) 1.230*** (0.117) 

% of coastline used for seaweed 

farming (baseline = 10%): 
    

20% of the coastline -0.183*** (0.055) 0.658*** (0.106) 

30% of the coastline -0.394*** (0.072) 1.140*** (0.097) 

Perks:     

Letter with contribution -0.012 (0.055) 0.398*** (0.121) 

Facebook profile pic. overlay -0.162*** (0.061) 0.435*** (0.110) 

Number of observations 8200 

Number of estimated parameters 16 

Log-likelihood -6011.083 

AIC 12054.166 

BIC 12166.356 

McFadden’s Pseudo R-squared 0.326 

Note: Triple asterisk (***), double asterisk (**) and asterisk (*) denote significance at the 1%, 5%, 

and 10% level, respectively. 

 760 

 761 

 762 

 763 

 764 

 765 



38 
 
Table A2. RPL Results Limited to Sample with a Facebook Account for Scotland 766 

  

Est. 

Coefficient 
St. Err. St. Dev. St. Err. 

ASC1 -0.011 (0.062)   

ASC3 (Status Quo) -3.260*** (0.205)   

Random Parameters     

Log-normal distribution     

Price -3.280*** (0.103) 1.500*** (0.084) 

Normal distribution     

Number of households powered  

(baseline = 45,000 households): 
    

85,000 households 0.816*** (0.091) 0.347* (0.196) 

130,000 households 1.190*** (0.136) 1.240*** (0.153) 

% of coastline used for seaweed 

farming (baseline = 10%): 
    

20% of the coastline -0.171** (0.086) 0.729*** (0.149) 

30% of the coastline -0.440*** (0.108) 1.320*** (0.147) 

Perks:     

Letter with contribution -0.120 (0.086) 0.425*** (0.161) 

Facebook profile pic. overlay -0.335*** (0.110) 0.807*** (0.152) 

Number of observations 3930 

Number of estimated parameters 16 

Log-likelihood -2802.035 

AIC 5636.070 

BIC 5736.492 

McFadden’s Pseudo R-squared 0.346 

Note: Triple asterisk (***), double asterisk (**) and asterisk (*) denote significance at the 1%, 5%, 

and 10% level, respectively. 
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Table A3. RPL Results Limited to Sample with a Facebook Account for Northern 774 

Ireland 775 

  

Est. 

Coefficient 
St. Err. St. Dev. St. Err. 

ASC1 -0.013 (0.064)   

ASC3 (Status Quo) -3.060*** (0.226)   

Random Parameters     

Log-normal distribution     

Price -3.410*** (0.118) 1.650*** (0.117) 

Normal distribution     

Number of households powered  

(baseline = 45,000 households): 
    

85,000 households 0.760*** (0.102) 0.092 (0.143) 

130,000 households 1.150*** (0.154) 1.190*** (0.166) 

% of coastline used for seaweed 

farming (baseline = 10%): 
    

20% of the coastline -0.153 (0.097) 0.554*** (0.186) 

30% of the coastline -0.389*** (0.119) 0.915*** (0.179) 

Perks:     

Letter with contribution -0.184* (0.098) 0.515*** (0.192) 

Facebook profile pic. overlay -0.475*** (0.120) 0.757*** (0.149) 

Number of observations 2760 

Number of estimated parameters 16 

Log-likelihood -2026.300 

AIC 4084.600 

BIC 4179.368 

McFadden’s Pseudo R-squared 0.327 

Note: Triple asterisk (***), double asterisk (**) and asterisk (*) denote significance at the 1%, 5%, 

and 10% level, respectively. 
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Table A4. Descriptive statistics 782 

 England   Scotland   Northern Ireland 

        

Variable 

Num. of 

indiv. 1,089  

Num. of 

indiv. 537   

Num. 

of 

indiv. 390 

              
Age Mean 40.7  Mean 41.2  Mean 40.9 

 St. Dev. 12.9  St. Dev. 13.1  

St. 

Dev. 12.8 

 Min 18  Min 18  Min 18 

 Max 65  Max 65  Max 65 

         

  Frequency   Frequency   Frequency 

Female   52.5%   50.6%   52.3% 

         
Marital status         
Single  30.1%   35.5%   32.0% 

Married  43.4%   39.9%   48.5% 

Cohabitating 

partnership  6.4%   5.1%   6.7% 

Divorced/Separated  1.4%   0.7%   2.2% 

Widowed  18.7%   18.6%   10.6% 

         
Education         
Primary or less than 

primary  1.6%   1.6%   1.1% 

Secondary  76.3%   71.1%   71.0% 

University and higher  22.1%   27.3%   27.9% 

         
Job status         
Employed (full- or 

part-time)  60.6%   61.5%   60.5% 

Self employed  9.0%   7.3%   6.4% 

Retired  5.4%   4.9%   7.5% 

Unemployed  7.6%   9.0%   8.6% 

Other  17.4%   17.3%   17.0% 

         
Income         
< £ 15,000  18.4%   19.8%   19.8% 

£ 15,000- £ 23,500  18.5%   17.7%   19.5% 

£ 23,501- £ 33,800  20.3%   22.0%   21.5% 

£ 33,801- £ 48,000  19.8%   18.7%   16.1% 

£ 48,001- £87,500  18.1%   18.1%   20.0% 

£87,501+  4.9%   3.7%   3.1% 
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Facebook account  80.9%   77.2%   76.9% 

         
How much are these perks likely to affect your decision to opt into the seaweed project scheme? 

Facebook overlay         
None  57.4%   62.2%   58.7% 

Very little  18.4%   17.1%   17.7% 

Some  11.8%   11.9%   11.0% 

A lot  6.7%   5.1%   6.4% 

Don't know  5.7%   3.7%   6.1% 

         
Letter         
None  37.3%   47.3%   36.4% 

Very little  21.4%   18.4%   23.6% 

Some  25.5%   22.7%   21.5% 

A lot  9.8%   7.1%   12.8% 

Don't know  6.0%   4.5%   5.6% 
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