Low-income resident’s preferences for the location of wind
turbine farms in the Eastern Cape Province, South Africa
Jessica Hosking1
Mario du Preez2
Gary Sharp2
1. Insight Analysis
2 Nelson Mandela Metropolitan University, Summerstrand Campus, Port Elizabeth, South Africa

Abstract
There is a general consensus that South Africa
should be generating more power through harnessing renewable energy resources, such as wind
power. However, there is no consensus with regard
to the location of such generating projects. This
paper describes a wind farm project proposed for
development in the Kouga Local Municipality,
reports low-income local residents’ preferences on
its nature and applies choice modelling to analyse
these preferences. A questionnaire was presented to
each respondent, the discrete choice experiment
component of the questionnaire included two different onshore wind energy development scenarios
and a status quo option. The scenarios differed by
the combination of four elements: the distance of
the wind turbines from residential areas, job creation, the number of turbines and a subsidy allocated to each household.
Keywords: wind, energy, underprivileged, welfare,
preference, choice

1. Introduction
South Africa is the 12th largest emitter of greenhouse gasses in the world and responsible for
almost half of all emissions in Africa (EDF, 2014) in
large part because the majority of electricity in
South Africa is produced from coal. In order for
South Africa to reduce its carbon emissions and
comply with the UN Framework Convention on
Climate Change and the Kyoto Protocol, Eskom, its
leading electricity supplier, is committed to diversifying its energy mix (DEA, 2011; SAinfo Reporter,
2008; UNEP, 2009; Gets & Mlanga, 2013). The
quest to reduce carbon emissions has led to a drive
to increase the percentage of energy produced by
renewable and sustainable sources. The most
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prominent of these sources today is wind energy.
There are wind farms currently being developed in
South Africa in both the Western Cape and Eastern
Cape provinces of South Africa.
The reason wind is favoured as a source for the
generation of electrical energy is because wind
resources are easily harnessed through the use of
wind turbine technology (Edkins, Marquard &
Winkler, 2010). By the end of 2010, wind energy
projects in South Africa had an installed capacity of
10 MW (WWEA, 2011). The goal of the South
African government was to generate approximately
10 000 GWh of electricity through renewable energies by 2013 (Edkins et. al. 2010; Eskom, 2015).
This would require the installed capacity of wind
power to be increased dramatically. The introduction of a Renewable Energy Feed-In Tariff (REFIT)
in 2009 incentivised independent power producers
to propose different renewable power projects
throughout South Africa. Several of these proposals
have caused concern for coastal communities. The
majority of these concerns are environmental and
location related.
Their concerns are that wind turbines may
(Binopoulos & Haviaropoulos, 2010):
• increase road development in ecologically sensitive areas;
• detract from the visual appeal of an area, thus
affecting real estate values, and impacting a
region’s culture and heritage;
• increase industrial noise in the area in which
they are erected;
• negatively impact on fauna and flora, e.g., discourage bird migration into the area; and
• reduce other development opportunities, e.g.
flight paths for airports.
The negative externalities of wind energy are of
greatest concern to the communities in the vicinity
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of the wind farms – this is because wind turbines are
site specific (Pasqualetti, 2011). These communities
may also derive benefits from wind energy in the
form of employment creation, increased electricity
supply and increased tourism to the area. The communities that are located nearest to big industry
developments (factories, power stations etc.) are
characterised as poor or low income or underprivileged (Siegfried, 2014; PRB, 1998). Such locations
may be chosen by pure coincidence. Or, it may be
that these communities tend to underestimate the
negative environmental costs related to these projects, relative to the new jobs prospect benefit
claimed for such developments, thus more easily
enabling development in these areas than in more
well-to-do areas. Whatever, the case, the preferences of low income residents and how their happiness is influenced by various features of wind farm
construction near their places of residence clearly
matter. For this reason, this paper has selected to
focus attention on this issue.
A number of studies have been conducted to
assess the positive and negative environmental and
social impacts that arise from the construction of
wind farms (Wolsink, 2007; Pasqualetti, 2011;
Slattery, Johnson, Swofford & Pasqualetti, 2012).
These studies highlight the issues pertaining to wind
farms through analysis of public opposition with
Pasqueletti (2005) indicating that there are five key
issues (immobility, immutability, solidarity, imposition and place). Krohn and Damborg (1999) and
Slattery et al. (2012) are in agreement that proponents of wind energy focus on the benefits as
opposed to opponents that share a negative attitude
towards the aspects of wind energy, with the overarching view that public opinion on the issues is not
straightforward and is complex in nature. A number
of studies have also attempted to quantify the
effects of the erection of wind turbines in specific

locations (Ek, 2002; Krueger, 2007; Ladenberg &
Dubgaard, 2007; Hanley et al., 2001; Alfarez-Farizo
& Hanley, 2002).
The way in which these studies compare the
costs and benefits of wind turbine erection in certain
locations is through an analysis of the trade-offs residents in the area of the prospective wind farms
would be prepared to make in their assessment of
various potential impacts. A methodology for estimating these trade-offs is the choice experiment
variant of the Choice Modelling Technique
(Hensher et al., 2005). This paper aims to estimate
some of these trade-offs by offering an analysis of a
survey on the different aspects of wind energy
developments conducted with underprivileged residents of the Kouga Local Municipality.
2. A proposal to harness wind energy in the
Kouga Municipality
The Eastern Cape Province has attracted a number
of proposals for the construction of wind turbine
farms; one of which is by a company called Red
Cap Investments to build a 121 wind turbine farm
in the Kouga Local Municipality. The generating
capacity of this wind farm is proposed to be approximately 300 MW, enough to power approximately
54 200 households with electricity (Red Cap
Investments, 2011). 1 The wind farm will span over
three locations; the ‘Eastern Cluster’, located near
Aston Bay and Paradise Beach, the ‘Central
Cluster’, located near St. Francis Bay and the
‘Western Cluster’, located near Oyster Bay (Red
Cap Investments, 2011 – see Figure 1 for map
showing location).
The areas that will be most affected by the wind
farm development are Paradise Beach, Oyster Bay,
Umzamozethu, St. Francis Bay, Port St. Francis, Sea
Vista, Kwanomzamo and to a lesser extent,
Humansdorp, Jeffrey’s Bay and Aston Bay.

Figure 1: Map of Red Cap Investments wind farm locations
Source: Red Cap Investments Pty (Ltd) (2011)
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Resistance to the erection of the turbines at certain locations has come from the better-off residents
and businesses in the area (Meeting with St Francis
Bay Residents Association, 2012). Many of the
opponents to the wind turbine erections in the
Kouga municipality support the drive for cleaner
energy but they are unhappy at the prospect of
wind farms dominating the area surrounding them
(this is characterised as the NIMBY syndrome)
(Pasqualetti, 2011).
3. Background
Local critics have asserted that the wind farm development in the Kouga Local Municipality will negatively impact on the visual attractiveness of the land
(landscape character), abundance of bird life,
employment and in some cases property values in
the area (St Francis Bay Residents Association,
2010). These impacts are typically cited as relevant
in environmental impact assessments (EIA) of wind
farms and clearly are important elements to consider in any comprehensive assessment of the merits of
building a wind farm (Dimitropoulos & Kontoleon,
2008). However, such factors are not of uniform
importance across all communities. They differ
according to social factors and general beliefs held
in the community (Alvarez-Farizo & Hanley, 2002).
For a given community it is possible to assess
this relative importance by means of discrete choice
experiment (DCE) methodology (or conjoint analysis) (Hensher et al., 2005). It is a stated preference
technique that employs questionnaires in which
respondents are required to choose between hypothetical scenarios. Typically these scenarios include
a monetary payment or acceptance of some form of
compensation element. By this inclusion it is possible to estimate willingness to pay or acceptance of
compensation for marginal changes to the given
scenario. DCE is a method frequently used to determine the values of the environmental impacts that
are based mainly on perception. The technique is
useful in determining a scenarios impact on a population in the absence of market trades that would
otherwise reveal the preferences of the population
and therefore the impact.
3.1 Discrete choice experiments
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3.2 Compiling the questionnaire
An essential part of a DCE is creating an effective
survey tool that can provide relevant information
about the respondents and their preferences. The
questionnaire is constructed in four phases. Firstly,
the researcher creates a description of all possible
characteristics that define the good to be analysed.
Then a focus group is convened to ensure that only
the relevant characteristics of the good are incorporated into the questionnaire. The third phase is a
pilot study which is used to test the understanding
and ease of the survey as well as identifying the
appropriate bounds and levels for the cost attribute
(Bateman and Willis, 1999). The last phase involves
finalising the main questionnaire and administering
the survey.
As this study was conducted in South Africa, a
developing country, it is important to note that the
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distinct difference between this study and similar
studies conducted in industrialised nations is that
the target respondent group for this study were lowincome residents. This group was selected for two
main reasons. The first was that South Africa has
significant inequalities in income distribution and
an economy with dualistic features (Rosset, Patel &
Courville, 2006). In a dual economy the behaviour
of people varies according to the group to which
they belong. The second is that low-income respondents are rarely included in studies of preference, so
there is a gap in describing their preferences to the
relevant literature in South Africa. A possible reason
for this gap is a perception that these respondents
are overwhelmingly influenced by price and job
income prospects, rather than other factors, such as
environmental impacts.
A focus group was conducted to address the
main concerns of the wind farm development and
compile a provisional list of important wind farm
attributes for inclusion in the choice experiment.
Consultation with international literature and discussions with informed residents resulted in the
refinement to four key attributes, with three levels
each (Table 1).
Table 1: Attributes and levels included
in the DCE
Attribute
Size of wind farm
Jobs Created

Levels
10, 20, 53 turbines
5, 20, 40

Proximity to residential areas

0.5km , 2km , 6km

Subsidy per household
per month

ZAR 3.25, ZAR 13,
ZAR 19.5

Two physical wind farm characteristics were
included – one for the size of the wind farm in terms
of number of turbines and proximity of the turbines
to residential areas in kilometres. An attribute for
employment possibilities from the wind farm development was highlighted as an important attribute
for the low-income respondents and was also
included in the DCE. The monetary attribute
included was in the form of a subsidy, indicating
willingness to accept (WTA) compensation as
opposed to a price, indicating willingness to pay
(WTP). A subsidy was chosen over a price for
renewable energy because it was assumed that
wind farm developments impose negative presence
costs on the residents in the surrounding areas, and
the residents surrounding the wind farm development were likely to have municipal property rights
that would be infringed upon were the wind farm to
be built in proximity to their residence
(Dimitropoulos & Kontoleon, 2008). The subsidy
took the form of providing free (basic) electricity
(South African Government Information, 2011).
Once the attributes and the levels were defined,
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a main-effects-only, orthogonal and balanced
design for the experiment was created in SPSS (version 12.01). As there were four attributes, each with
three corresponding levels, a total of 34 = 81 possible treatment combinations of attribute levels were
identified. A fractional factorial design was used to
reduce this number to 27 treatment combinations.
These combinations were randomly paired into 108
choice sets (Hensher et. al., 2005). A total of 27
unique questionnaires were created, each questionnaire containing four choice tasks. A status quo
option was added to each choice task.
The body of the questionnaire had four sections.
The first two sections elicited information about the
respondents’ understanding of wind energy. The
third section contained the choice experiment. Four
pages were shown to the respondents. Each page
contained two choice cards and each attribute on
the choice cards was represented by a picture. The
respondents were asked to choose between option
A, B and C, where option C was the status quo. The
fourth section contained questions about the socioeconomic characteristics of the respondents. The
questionnaire was simplified. Pictures were used to
guide respondents with specific questions and to
explain the differences between the levels of the
attributes. The survey team was comprised of members with fluency in either English or Afrikaans or
isiXhosa.
A pilot survey was conducted to test the comprehension and validity of the questionnaire. The
pilot survey included 27 respondents.
3.3 Sample description
A stratified sample of randomly selected heads of
households in the informal areas (townships) of
Kwanomzamo, Sea Vista, Tokyo Sexwale, Ocean
View and Umzamowethu was included in the study.
A total of 270 personal interviews of low-income
bracket households in the Kouga Local Municipality
were conducted during a week in October 2012.
The average household gross annual income for the
sample was R30 800.89 or R2 600 per month.
Table 2 shows the distribution of age, income and
education of the sample group. The majority of the
respondents were aged between 18 and 30 years
old and had a low level of education.
4. Results
The econometric software NLOGIT (version 10)
was used to compute the relevant utilities of the
alternatives. The data matrix was in the form
(Bergmann et. al., 2006):
Option A:
Va = β0a + β1Xsize + β2Xcluster/job
+ β3Xdistance + β4Xsubsidy

[12]
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Table 2: Sample characteristics for the sample respondent group
Age

Income

Education

Underprivileged Sample
Range

Sample

Range

Sample

Level

Sample

18 to 30

38.4%

R0 to R15 000

17%

Primary

23%

31 to 40

29%

R15 001 to R50 000

42%

Secondary

48.5%

41 to 50

19.6%

R50001 to R200 000

19%

Matriculation

22.5%

51 to 80

13%

R200 001 to R750 000

0%

Tertiary

6%

Kouga Local Municipality
Age

Income

Education

Range

% Kouga Population

Range

% Kouga Population

Level

% Kouga
Population

18 to 30

24%

R0 to R19 600

41.7%

Primary

53.6%

31 to 40

14%

R19 601 to R76 400

36.1%

Secondary

30.9%

41 to 50

12.3%

R76 401 to R307 600

17.2%

Matriculation

9.7%

51 to 80

18.5%

R307 601 to R1 228 800

4.5%

Tertiary

1%

Option B:
Vb = β0b + β1Xsize + β2Xcluster/job
+ β3Xdistance + β4Xsubsidy

[13]

Status quo option:
VSQ = β1Xsize + β2Xcluster/job + β3Xdistance
+ β4Xsubsidy
[13]
where V is the observed utility and β0 is the alternative specific constants for options A and B. The
status quo (non-option) level was used as the base
level.
The estimation results of a conditional logit
model are shown in Table 3. The influence of each
attribute on the choice probabilities can be determined by the magnitude and sign of the coefficients
(Krueger, 2007). The size attribute is insignificant at
the 5% level, suggesting that the respondent group
were indifferent in their preferences for wind farm
size. The attributes for job and distance were positive and significant, indicating that the respondents
derived greater utility from an increasing change in

the level of these attributes, i.e. through creating
more job opportunities and locating the wind farm
further away from residential areas.
The pseudo R2 is 0.12, indicating a comparable
OLS model fit of 30%. This level of fit is acceptable
because this model only includes the attributes as
parameter estimates and does not account for individual characteristics or external determinants of
choice.
A test to determine whether a violation of the IIA
assumption was conducted using the Hausman test.
The status quo was omitted from the data and the
restricted model estimated. The resulting test statistic was 16.09 and the p-value for this test was
0.0003, sufficient evidence to reject the null hypothesis that the IIA assumption is violated.
An RPL model was also fitted to the data to
determine whether there was heterogeneity in the
parameter estimates for the sampled population
around the mean parameter estimate (Hensher et
al., 2005). The dispersion of the job attribute, represented by the derived standard deviation of
0.089, was statistically significant, with a Wald statistic of 3.81 and a p-value of 0.0001. Different dis-

Table 3: Conditional logit model results for low-income respondents
Variable

Coefficient

Standard error

Wald statistic

p-value

Subsidy (X1)

0.0288***

0.0068

4.2400

0.0000

Size (X2)

0.0035

0.0026

1.3650

0.1721

lnDistance (X3)

0.1815***

0.0469

3.8660

0.0001

Jobs (X4)

0.0410***

0.0033

12.4670

0.0000

ASC(status quo)

-1.3382***

0.2564

-5.2200

0.0000

Maximum likelihood estimates
No. of observations
No. of parameters
Estimated LL function

1080

Base LL function

5

Pseudo R2

0.12

-863.4402

AIC

1.608
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tributions were assigned to the job attribute to
determine the best model fit (Hensher et al., 2005).
The normal distribution provided the best model fit.
All other attributes did not have a significant dispersion around the mean.
Interaction terms were included in the RPL
model to explain the heterogeneity in the job attribute (the explanatory variables were interacted with
the job attribute). Interaction terms for gender of the
respondent (dummy coded, 0 for males, 1 for
females), age of the respondent, and knowledge of
wind energy (two different measures) were included
in the model. The results of the RPL model with
interaction terms included to explain the heterogeneity about the mean of the parameter estimate
for the job attribute is shown in Table 4.
The likelihood ratio test value is 19.05, indicating that the model is a significant improvement on
the first model. The overall model is statistically significant, as evidenced by the Chi-squared value of
685.9 with 10 degrees of freedom. The pseudo R2
value is 0.289, a good fit for this class of model
(Hensher et al., 2005).
The differences in the marginal utilities held for
the job attribute are in part explained by differences
in respondent gender. The negative and statistically
significant ‘’ parameter indicates that male and
female respondents chose different levels of the
attribute for job prospects.
The WTA measure for the distance attribute was
calculated differently to the job attribute. It was calculated for moving the wind farm from the baseline
of 0.5 km to 2 km, 6 km and the status quo of 120
km away from the residential areas. The WTA
measures were estimated using Equation 15
(Krueger, 2007).
WTA = βln(distance)(lnXi–ln(0.5))
–βsubsidy

[15]

In Equation 15, the Xi represents the distance i from
the residential areas (2 km, 6 km and 120 km away)
and βsubsidy represents the coefficient for the subsidy attribute.
The negative WTA compensation measures pertaining to the distance attribute indicate that the
sampled respondents were willing to accept a
reduction in subsidy the further away the wind farm
was located from their residential areas. The sampled respondents were willing to accept a reduction
in subsidy of ZAR 21.38 per month if the wind farm
was moved from the base level of 0.5 km away to 2
kms away from the residential areas. Similarly, the
negative WTA measure for the jobs attribute indicates that the sampled respondents were willing to
accept a reduction in compensation for increases in
the number of jobs created by the wind farm.
Moving the wind turbines so far away from residential areas that they are no longer visible, is not
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always the best practice or feasible. It may be a better alternative to compensate. For this purpose, it is
useful to assess the marginal willingness to accept
(MWTA) measures. MWTA compensation measures
were calculated for the significant attributes, by taking the difference of the two WTA measures and
dividing it by the difference in the corresponding
change in distance (Krueger, 2007; Ladenburg and
Dubgaard, 2007).
A reduction in MWTA compensation measures
was higher for distances closer to the residential
areas, indicating that the majority of the sampled
respondents would derive social benefit from moving the wind turbines more than 0.5 kilometres
away from residential areas. The MWTA compensation measures were consistent indicating that the
sampled respondents derive the same amount of
utility for each increase in the job prospects created
by the wind farm.
As the parameter estimates for the distance
attribute were also significant, WTA measures could
also be calculated with respect to distance.
The underprivileged respondents were WTA a
reduction in the subsidy each month of ZAR 14.25
per kilometre distance from the base-line distance
of 0.5 km to 2 km away from the residential areas.
The MWTA a reduction in subsidy each month
drops to ZAR 4.23 per kilometre between 2 km and
6 km away from residential areas. This indicates
that as the wind turbines are moved a considerable
distance away from the residential areas, the perceived benefit is increased and therefore the residents are willing to accept a reduction in subsidy.
As the distance between the residential areas
and the wind turbines increases, the sampled population is prepared to accept less and less of a
reduction in compensation until the full subsidy
value is accepted. The MWTA a reduction in subsidy is below one at a distance of 120 km away
from residential areas. This rate of change indicates
that for the underprivileged respondent group the
benefits are minimal for locating the wind turbines
at a distance greater than 120 km away. The greatest social benefit is derived for the initial movement
of the turbines further than 0.5 km from residential
areas.
5. Conclusions
The choice experiment methodology has been used
extensively in marketing (conjoint analysis) and in
valuing environmental resources that do not readily
reflect in market values. Through the use of personal surveys, the residents of the Kouga Local
Municipality were asked to make choices between
several hypothetical wind energy scenarios defined
by a selection of attributes at different levels. The
selection of attributes and levels was based on the
findings reported in similar international studies and
through focus group sessions.
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Table 4: RPL model with interactions included
Variable

Coefficient

Standard Error

Wald Statistic

p-value

Random parameters in utility functions
Jobs

0.121

0.027

4.527

0.000*

Non-random parameters in utility functions
Subsidy

0.036

0.008

4.258

0.000*

Size

0.005

0.003

1.634

0.102

Distance

0.223

0.059

3.791

0.000*

ASC(status quo)

-1.723

0.328

-5.258

0.000*

Heterogeneity in mean, Parameter: Variable
Jobs: Gender

-0.036

0.011

-3.165

0.002*

Jobs: Know1

-0.014

0.011

-1.251

0.211

Jobs: Know2

0.002

0.006

0.356

0.722

Jobs: Age

-0.001

0.000

-1.413

0.158

Jobs

0.082

Derived standard deviations of parameter distributions
0.018

4.509

0.000*

Maximum likelihood estimates
No. of observations
No. of parameters

1080

Pseudo R2

0.2890

10

Chi-squared

685.9032

Log-Likelihood function

-843.5497

Degrees of freedom

10

Base LL function

-1186.501

AIC

1.5807

* 1% level of significance

The magnitude, sign and significance of all the
estimated coefficients of the attributes were similar
for each of the models. The negative signs for the
attributes of distance, jobs and size indicate that the
respondents were WTP for increases in the attribute
levels. The respondents preferred to have the wind
farm located at least 2 km away from residential
areas, have more wind turbines and more jobs created.
There was heteroscedasticity in preference for
jobs among the underprivileged respondent group.
This heteroscedasticity was explained by gender.
The preference for the jobs attribute was similar for
individuals of the same gender.
The number of new jobs created by the wind
farm development was an important indicator of
choice for the underprivileged respondent choices.
This job creation potential needs further investigation as there may be job losses as well, caused by
discouragement of affluent resident settlement in
the area or lost recreational value.

Notes:
1. An average household uses ± 1.1 MWh per month
(Eskom, 2011) or 12.12 MWh per annum (In one
year the Red Capp investments wind energy development will generate approximately 657 000 MWh
(300MW x 24 x 0.25 x 365), which can supply
approximately 54 200 households with electricity
each month.
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