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Background (1) - Public acceptability of local energy 
development 

• Increased need for renewable energy to tackle climate change 

• However, energy projects are frequently opposed locally 

 

• Many case studies of local energy controversies – usually wind 
energy (e.g. Devine-Wright & Howes, 2010; Ellis, Barry & Robinson, 2007; Firestone 

& Kempton, 2007; Otto & Leibenath, 2014) 

• Place-technology ‘fit’ (Cresswell, 1996; Devine-Wright, 2011; McLachlan, 

2009): e.g. ‘industrial’ wind turbines do not ‘fit’ in this natural 
place 

 

• Limited understanding of local energy alternatives (Would a 

different technology have been more acceptable? Would a different location have 
been more acceptable?) 

 

 



This study… 

 

Aims to examine the extent to which considering multiple 
technologies and locations can achieve more acceptable local 

energy development practices 

 

 

… by exploring the ‘fit’ between the meanings associated with 
multiple places and several technologies in Guernsey 

 



Methodology (1) 

• Representative sample questionnaire survey collected in 
Guernsey using drop and collect and postal distribution 
methods (N=468; 41% response rate) 

 

• Questionnaire described two potential future local energy 
developments (offshore wind farm, tidal energy farm) 

 

• Respondents evaluated the acceptability of these 
developments across three zones each 

• These six zones were also rated on six key place meanings (which 
emerged from the qualitative work) 



Study 1: Participant photography 

“[this photo illustrates] kind of like getting away. I imagine over here [on the land] 
everyone is kind of stuck over here, this is just kind of like freedom to me, I think. You 
know, there’s nothing here, there’s just emptiness, you can just do whatever you 
want. (…) It just makes me think of relaxing really. Although I think it was freezing 
cold and you don’t really notice it you know. [this photo illustrates] being able to get 
away from everything else. On such a small island, to have all that open space to 
yourself ”  



Study 2: Focus groups 



Results (1) – Acceptability of offshore wind and tidal 
energy in principle 

In general, to what 
extent do you support or 
object to the 
development of the 
following energy 
technologies in 
Guernsey?  
 
1 = strongly object 
5 = strongly support 

I would support this 
development 
 
 
 
 
 
 
1 = strongly disagree 
5 = strongly agree 

Offshore wind energy 3.51 3.18 

Tidal energy 4.38 3.66 



Results (2) – Acceptability of the offshore wind 
project across three zones 

 

 

 

 

 

 

 

 

“I would support/accept 
this 10-turbine wind farm in 
zone A/B/C” (5-point scale) 

Wilcoxon test results χ2  p r 

zone C  vs  zone A 9,897  .000 0.28 

zone C  vs  zone B 2,022 .000 0.21 

zone B  vs  zone A 2,998 .000 0.18 



Results (2) – Acceptability of the tidal energy project 
across three zones 

 “I would support/ 
accept this 25-turbine 
tidal farm in zone 
X/Y/Z” (5-point scale) 

Wilcoxon test results χ2  p r 

zone Z  vs  zone X 2,265 .000 0.30 

zone Z  vs  zone Y 395 .000 0.29 

zone X  vs  zone Y 4,099 .001 0.12 



Results (3) – Patterns of place meanings and 
acceptability per zone 

  Wind farm zones Tidal farm zones 

  Zone A Zone B Zone C Zone X Zone Y Zone Z 

Public evaluation of proposal (mean) 2.49 2.72 3.09 3.75 3.56 3.12 
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  Wind farm zones Tidal farm zones 

  Zone A Zone B Zone C Zone X Zone Y Zone Z 

Public evaluation of proposal (mean) 2.49 2.72 3.09 3.75 3.56 3.12 

‘The coast near zone [A-Z]….’ 

Visual beauty  
(‘…is an area of natural beauty’; ‘…has 
fantastic views’) 

4.31 4.20 3.97 4.07 3.80 4.22 

Popularity 
(‘…is used a lot by people’) 

4.33 4.17 3.90 3.70 3.36 4.00 

Industrialisation 
(‘…is quite industrial’) 

1.63 1.76 2.26 1.61 1.79 1.67 

Pristineness 
(‘…is a pristine, unspoilt natural area’) 

3.99 3.91 3.65 4.04 3.97 4.12 

Favourite place 
(‘…is one of my favourite places’) 

3.96 3.80 3.63 3.56 3.26 3.66 

Symbolic function 
(‘…symbolises what Guernsey is all about’) 

4.06 3.89 3.65 3.66 3.37 3.72 

Results (3) – Patterns of place meanings and 
acceptability per zone 



• Looking across these place meanings, the patterns of place 
meanings mirror the patterns of acceptability in each zone 

• (E.g. zones seen as visually beautiful are generally more 
acceptable as a site for energy development) 

 

 

Results (3) – Patterns of place meanings and 
acceptability per zone 
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Conclusions 

• Finding the most acceptable location and technology can 
achieve more acceptable local energy development practices 

• A well-supported technology that is poorly sited may not be more 
popular than a well-sited (but poorly supported) technology 

 

• Place-technology ‘fit’ depends on coastal place meanings at 
different places 

• ‘Industry-nature’ contradiction mainly relevant for wind energy 

 

• Shows the value of an ‘upstream’ approach to public 
acceptability of local energy development. 



Thank you 

Bouke Wiersma, University of Exeter 
bw282@exeter.ac.uk 
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Tidal Energy Development in 
Washington State, USA 

Source: Google Maps 26 

Admiralty Inlet 

Puget Sound 

(Proposed tidal energy 
project sites) 



Research Objectives 
Main objective: To understand public attitudes and perceptions 
of tidal energy development in Washington 

 

Research questions: 

oHow much is the public willing to pay for tidal energy R&D? 

 

o What are the significant predictors of willingness to pay? 

 

o Which institution or organization should be responsible for 
funding tidal energy R&D? 

 

oWhich funding policies does the public prefer? 
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Survey Design and 
Research Methods 

o66-question mail survey  

oRandom sample of 3,000 
Washington state households 

oCoastal and non-coastal split 
sampling 

o688 surveys returned 

oPreliminary data analysis 

oContingent valuation 

 

  

28 



Willingness to Pay Question 

 
   
 
 
 
 If the fee for creating this new renewable energy R&D 

fund would increase your household’s electricity bill by 
 $            per month, would you vote for or against creating 

the fund?  
 
 

 

29 

20.00 

On a scale of 0 to 10, please rank how certain you are about your 
decision on the question above.   
 

4.00 50.00 

Hypothetical advisory referendum: 
 

Suppose the state of Washington would like to create a fund that would 
support the research and development of renewable energy technologies. 
Suppose a statewide referendum vote was held today. You could advise the WA 
state government you could advise the WA state government whether to create 
the new renewable energy R&D fund. This fund would be created by adding a 
fee to WA household’s electricity bills. 



Public Preferences for Funding Allocation 

Solar  22% 

Offshore 
Wind 13% 

Wave 12% 
Tidal 19% 

Land-based 
wind 16% 

Geothermal 
14% 

Other 4% 

N=494 
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Modeling Willingness to Pay 
for Tidal Energy R&D 

*Indicates significance at the 0.10 level, **at .05 level and ***at .01 level 
31 

Model significance: Likelihood ratio chi-square: 269.595, P-value <.001 
 

Variable Name Parameter 

Estimate (B) 

Predicted 

Probability 

Exp(B) 

P-value 

Age 0.001 1.001 0.863 
Education 0.004 1.004 0.970 
Political Affiliation -0.149 0.862 0.015** 

Coastal Resident 0.137 1.147 0.470 

Income 0.127 1.135 0.016** 

Dollar Amount per Month  -0.181 0.834 0.000*** 

Economic Benefit Index 0.869 2.384 0.003*** 

Environmental Benefit Index 0.898 2.455 0.001*** 



Conservative Residents are Less 
Likely to be Willing to Pay 

32 

Parameter 

Estimate (B) 

Predicted 

Probability 

Exp(B) 

P-value 

Political 

Affiliation 

-0.149 0.862 0.015** 



Residents with Higher Incomes are More 
Likely to be Willing to Pay 

33 

Parameter 

Estimate (B) 

Predicted 

Probability 

Exp(B) 

P-value 

Income 0.127 1.135 0.016** 



Residents that Believe Tidal Energy 
Development Will Create Economic 
and Environmental Benefits are More 
Likely to be Willing to Pay 

34 

Parameter 

Estimate (B) 

Predicted 

Probability 

Exp(B) 

P-value 

Economic 

Benefit Index 

 

0.869 2.384 0.003*** 

Environmental 

Benefit Index 

0.898 2.455 0.001*** 



Funding Comparisons 

35 
*Source: US Energy Information Administration. 2015. Direct Federal Financial Interventions and 
Subsidies in Energy in Fiscal Year 2013. Washington, DC: US Department of Energy. 

 

(£307 million)  

(£20 million)  

(£120 million) 
 

$481 

$189 

$32 

2013 US Government Annual
Budget for General Renewable

Energy R&D

Annual Individual Median
Willingness to Pay for General

Renewable Energy R&D in
Washington

Annual Individual Median
Willingness to Pay for Tidal Energy

R&D in Washington
million 

million 

           million  

 * 



Which organization/institution do residents 
think should be the most responsible for funding 
tidal energy R&D? 

N=643 36 
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Funding Organization/Institution 



How would Washington residents 
vote on initiatives to….. 
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…Increase government funding for the creation of 
partnerships between universities, the government, 
and private companies to work on tidal energy 
research and development  

Yes, 76% 

No, 24% 

N=643 

38 

Innovation Systems: Strong Support  



 
…Provide support for community and small-scale tidal 
energy producers by mandating that they be paid higher 
rates for the electricity that they produce from tidal 
sources relative to other types of renewable energy 
sources. 

Yes, 
26% 

No, 74% 

N=604 

39 

Community-Feed-In-Tariff: Low 
Support 



Take-home Messages 
oThe public would prefer an innovation system approach to 
future tidal energy development 

 

 

 

 

 

 

 

 

 

 
40 

oEffectively communicating both environmental and 
economic risks and benefits of tidal energy development to 
the public is key 

oPublic perception of economic and environmental benefits 
are strong predictors of willingness to pay 
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Mean 

(£) 

Mean 

($) 

95% CI 

Mean($) 

Median 

(£)  

Median 

($) 

Renewable 

energy R&D  
£7.61 $11.92 

$9.23, 

$14.61 

 

£3.81 

 

$6.00  

Tidal energy 

R&D 
£1.60 $2.50 

$1.86, 

$3.14 
£0.64 $1.00  

Monthly Willingness to Pay for 
Renewable Energy and Tidal Energy 
R&D Values 
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How informed do residents consider 
themselves to be about tidal energy 
issues in Washington? 

40.3% 39.1% 

15.7% 

3.9% 
1.0% 
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N=668 
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Economic Benefit Index 
 1. Tidal Energy can offer a sustainable form of energy 

 2. Developing tidal energy could help create a diverse 
energy portfolio in WA 

 3. Tidal energy will create jobs in WA 
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Economic Risk Index 
 1. Developing tidal energy is not a good use of taxpayers’ 
money. 

 2. There is too much economic uncertainty to invest in tidal 
energy. 

 3. The upfront costs of developing tidal energy will be too 
high. 
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Climate Change Index 
1. Renewable energy is necessary to help reduce human 
contribution to climate change 

2. Humans are contributing to climate change 

3. Climate change is a problem which deserves attention 

47 



Environmental Benefit Index 
 1. Tidal energy is predictable and therefore beneficial, 
because we can depend on it being available 

 2. If implemented on a commercial scale, tidal energy can 
reduce carbon emissions 

 3. Developing tidal energy in Puget Sound can increase local 
understanding of environmental and energy issues.  

48 



…Establish a program where the government 
pays the difference between the cost of 
supplying electricity from tidal sources and the 
price the suppliers are paid for the electricity 
they produce 

Yes, 35% 

No, 65% 

N=608 
49 

Contract for Difference: Low support 



…Establish a fund where the government 
provides loans to qualified tidal energy 
developers and then agrees to take over the 
debt if the developer can’t pay. 

Yes, 
29% 

No, 71% 

50 



Masini, A., & Menichetti, E. (2012). The impact of behavioural factors in the renewable energy investment 
decision making process: Conceptual framework and empirical findings. Energy Policy, 40, 28-38. 51 



Source: Nemet, G.F., Kammen, D.M., 2007. U.S. energy research and development: Declining 
investment, increasing need, and the feasibility of expansion. Energy Policy 35, 746-755. 

 

US Energy R&D Funding 
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What is Contingent Valuation? 
 Willingness To Pay (WTP) 

 Standard non-market environmental valuation technique 

Daily et al. 2009 

Source: Daily, G. C. et al., 2009. Ecosystem services in decision making: time to deliver. Frontiers in Ecology and 
the Environment, 7(1), 21-28. 
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Valuation of ecological and amenity effects of an 

offshore windfarm as a factor in marine planning 

Tobias Börger, Tara L. Hooper, Melanie C. Austen 

RGS Annual International Conference 

3rd September 2015 



Motivation 

Marine (spatial) planning (integrative, across sectors) 

 

Offshore wind farms (OWF): 

• Surveys show that people value less visible offshore turbines 

(e.g. Ladenburg and Dubgaard 2007)  

 Amenity impact 

 

• Offshore wind farms might create ecological benefits  

– Increased biodiversity through artificial reefs 

– Prevention of electromagnetic impact of subsea cables  

 (Local) ecological impacts 

 



Research questions 

Research question 1:  

Do people value ecological 

improvements in a remote OWF? 

 

Research question 2: 

What is the relative importance of 

amenity and ecological impacts? 

 

Research question 3:  

Is there a spatial pattern of welfare 

effects from amenity and ecological 

impacts? 



Case study 

Rhiannon OWF – Irish Sea 



Amenity and ecological impacts of offshore wind farms 

• Increased species diversity through “artificial reef 

effects” 
– e.g. mussels, brown crab (Hooper and Austen 2014) 

– minimal impact on benthic habitats (Lindeboom et al. 2011) 

 
• Turbine height and visibility 

• Prevention of impact electromagnetic fields (EMF) of 

subsea cables 
– might affect benthic species, such as rays and some marine 

mammals 

– at deeper burial depth, impact can be avoided.  

 • Cost for additional features of wind farm design 

(council tax) 



Experimental design 

Plan A 
 

Plan B 
 

Plan C 
“no change” 

Enhanced biodiversity 
30 more 

species 

10 more 

species 

No change 

in species 

diversity 

Height and visibility of 

turbines 

240m 
Visible from 

Anglesey, the Isle of 

Man and Cumbria 

300m 
Visible from 

Anglesey, the Isle of 

Man, Cumbria and 

Liverpool 

180m 
Visible from 

Anglesey and the 

Isle of Man 

 

Impact of electromagnetic 

fields on marine life 

Impact 
Cables buried at 1 

metre 

No impact 
Cables buried at 2 

metres 

Impact 
Cables buried at 1 

metre 

Additional tax 
(per household) 

£ 10 
(per year) 

£ 50 
(per year) 

£ 0 
(per year) 

I would prefer:    

• D-optimal design (using Ngene)   

• 24 choice cards in 4 blocks  6 choices per respondent 



Survey implementation 

• Survey preparation 

– Semi-structured interviews (N = 60) 

– Focus groups (four meetings) 

– Online pilot survey (N = 90) 

 

• Main survey online 

– December 2013 to January 2014 

– Sample: Cheshire, Merseyside, Greater Manchester, Lancashire, Cumbria 

and Wales 

– N = 519 

 

• Collection of spatial variables 

– Respondents state first half of UK postcode (e.g. L3, LA12) 

– Compute distance from district centroids to nearest coast 

 

 



Results – Sample characteristics 

 Variable N Share / mean ONS 2011 Census a 

Female 519 57.6% 50.9% 

Age (in years) 519 

   16 - 24 14.8% 16.4% b 

   25 - 44 39.9% 35.6% b 

   45 - 64 34.9% 35.6% b 

   65 and above 10.4% 12.3% b 

Up to ONS level 3 education c 501 67.2% 67.2% d 

COUNTY (Place of residence) 519 

   Wales e 18.5% 15.3% 

   Cheshire 13.7% 12.3% 

   Merseyside 16.0% 16.6% 

   Greater Manchester 17.9% 32.2% 

   Lancashire 19.1% 17.5% 

   Cumbria   14.8% 6.9% 

a 2011 Census data for the survey area only; b relative to resident population aged 16 to 75. c Respondents with 

no qualifications, GCSE, O-, A-levels, Diploma, NVQ or any other technical qualification. d in England and 

Wales. e Only includes areas from which respondents were sampled.  



Results of the choice model (mixed logit): Preferences 
  Coefficient Standard error 

  Mean of coefficients  

     ASC_CHANGE 0.430 (0.292) 

     Species – increase of 10 0.359 *** (0.109) 

     Species – increase of 30 0.735 *** (0.142) 

     Height – 240m -0.408 *** (0.120) 

     Height – 300m  -0.162 (0.117) 

     No impact of EMF 1.287 *** (0.134) 

     COST  -0.050 *** (0.003) 

  Standard deviation of random coefficients 

     ASC_CHANGE 4.914 *** (0.364) 

     Species – increase of 10 0.058 (0.519) 

     Species – increase of 30 0.848 *** (0.214) 

     Height – 240m 0.022 (0.328) 

     Height – 300m  -0.291 (0.355) 

     No impact of EMF 1.585 *** (0.152) 

  Log-likelihood -2,200 

  Observations 8,898 

  Halton draws 1,000 

  Adjusted 𝜌2 0.313 

  BIC 4,481     
*** indicate the 1%-level of confidence. Adjusted 𝜌2 is computed as 𝜌2 = 1 − 𝐿𝐿𝑚 − 𝑘 𝐿𝐿0 , where 𝐿𝐿𝑚  and 𝐿𝐿0  are the log-

likelihoods of the full model, and the intercept-only model, respectively, and 𝑘 the number of parameters. Bayesian Information 

Criterion (BIC) is calculated as 𝐵𝐼𝐶 = −2𝐿𝐿𝑚 + 𝑘 ∙ 𝑙𝑛(𝑁) with 𝑁 denoting the number of respondents.  



Results of the choice model: Values 
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Results – 𝑫𝒏: Distance from the coast (in m)  
  Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err. 

Random coefficients: Mean Standard deviation  Interactions with 𝑫𝒏 

ASC_CHANGE 2.514 *** -(0.766) 4.801 *** -(0.379)       

Species - 10 0.482 *** -(0.167) -0.137   -(0.474) -0.001   -(0.009) 

Species - 30 0.727 *** -(0.216) -0.991 *** -(0.229) 0.008   -(0.012) 

Height – 240m -0.773 *** -(0.179) 0.010   -(0.425) 0.018 * -(0.009) 

Height – 300m -0.583 *** -(0.179) -0.470 * -(0.273) 0.021 ** -(0.009) 

No impact of EMF 1.391 *** -(0.199) 1.722 *** -(0.175) 0.003   -(0.010) 

Non-random coefficients             

COST -0.055 *** -(0.004)             

AGE_2a -1.094   -(0.792)             

AGE_3a -2.166 *** -(0.813)             

AGE_4a -2.799 *** -(1.070)             

INCOMEa -0.0003 ** (0.000)             

UNIa -0.058   -(0.602)             

MALEa 0.080   -(0.571)             

ENVORGa 1.116   -(0.782)             

Log-likelihood -1,890                 

Observations 7,728                 

Halton draws 1,000                 

Adjusted 𝜌2 0.316                 

BIC 3,931                 

a interacted with  ASC_CHANGE 



Research question 1: 

• Evidence of preferences in favour of ecological improvements in the OWF. 

• Significant WTP for artificial reef effects and prevention of electromagnetic 

impact of cables 

 

Research question 2: 

• In the presence of purely ecological impacts, respondents attach a 

comparably low priority to turbine height and visibility.  

 

Research question 3: 

• Welfare loss from seeing higher turbines decreases with distance from the 

coast. 

• No distance effects of WTP for ecological impacts. 

Conclusions 
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Wave Hub Controversy 
 Stakeholder opposition  
Fishermen, Shipping, Tourism, Surfers 

 

 

Reduction in wave height and quality 

 

 Not a trivial objection!  
Recreational water-users bring ~ £300 million of 
tourism a year to Cornwall 
(Environment Agency, 2007)  

 

Cornwall is the UK’s poorest county 
Gross value added (GVA) 61% of UK average 
(Long, 2014) 

 

Introduction 

Image Courtesy of  www.WaveHub.co.uk 
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Interviews 

“You know it's only 
common sense. . . it's not 

like I've trawled all 
through the internet and 
read everything about it. 

I've just seen it, I 
understand the 

technology, and I 
understand the ocean.” 

Aim:  
Explore which physical coastal impacts, if 
any, beach water-users anticipate 



Anticipated Impacts Model 



Questionnaire Survey  
 

(n = 403) 
 

Aims:  
• Characterise the population of water-users  

 
• Investigate perception of wave height/period 

and wave resource  
 

• Determine preferred wave heights and periods 



Results -  Wave Preferences 



Results -  Wave Resource Perceptions 



Anticipated Impacts Model 



Te = 8.1 s    

• Black (2007) – 100% energy extraction 
• Li and Phillips (2010) – 30% energy extraction 
• Smith et al. (2012) – 30% energy extraction 

Wave Extraction Scenarios 



Wave Extraction Scenarios 



What does this all mean? 
 Wave energy extraction will not have a universally negative 

effect on water-users 

 

 Novices and Females could experience an increase in 
preferred wave occurrence (up to 4%)  

 

 Experienced/Expert and Male water-users could experience 
a decrease in preferred wave occurrence (up to 1%) 

 

 Important to consider frequency dependent energy 
extraction 



Conclusions 
 Impact to beach water-users depends on wave 

preferences and frequency extraction characteristics 

 

 Change in occurrence of preferred waves in lee of 
Wave Hub will be insignificant  

 

 Surfers and Expert water-users are key groups to target 
in future consultation 



Thanks for listening 
A full reference list can be found in the conference proceedings. 

 

Current research –  
 Predicting beach populations (RNLI funded research) 

 UK beach hazard model (RNLI funded research) 
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