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Figure 6.54 Impression of the OPV sails at night, illuminating the streets with colourful lights.

NOCTURNAL COLOURS

OPV Panel
Organic photovoltaic panels generate 
electricity, being flexible and 
lightweight. Efficiency: up to 10%.

OLED Panel
Organic Light Emitting Diode Panels 
are flexible as well, emitting 
colourful light. 
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Figure 6.57 Location of the visual (Fig. 6.54).

Figure 6.55 The system of OPV sails: OPV panels are 
interconnected with electricity cables, leaving some open 
space between them.

Figure 6.56 System of OPV sails with OLED integration 
for colourful illumination at night.

OPV SAIL
OPV panel

Interconnected with 
electricity cables

At night the neighbourhood’s colours of RI-Oost 
will come alive with vivid lighting from the OPV 
sails (Fig. 6.54). A combination of OPV panels with 
OLED panels makes it possible to emit diverse 
colours (Fig. 6.56). Interactivity between OPV sails 
and local residents can be high with this aspect. 
Residents could for instance vote each day online 
which range of colours will be emitted at night. 
That way the residents have influence in the OPV 
sails’ appearance, and might cherish them as 
the special feature of their neighbourhood. When 
OLED technology might not be bright enough to 
illuminate streets sufficiently, additional lamps can 
be integrated between the OPV sails (Fig. 6.54).   
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6.6 Energy balance

This paragraph shows to what extent the designed 
solar energy landscape can contribute to energy 
neutrality for Zeeburgereiland (focussed on 
electricity).

For calculating the energy potential of all solar PV 
typologies (Fig. 6.29), the following parameters were 
important:
1. Solar radiation in the Netherlands expressed in 
kWh / m2 / year
2. Efficiency (%) of each PV technology.
3. Surface op active PV parts (m2).

In the region of ZE about 375 kJ / cm2 per year on 
average is emitted by the sun, derived from data of 
the years 2011-2013 (Sark, 2014, p.9). This amount 
accounts for solar hours during the whole year, so 
also the hours in winter with a lower position of the 
sun. 375 kJ / cm2 is compatible with circa 1.042 kWh 
per m2 per year (ibid).  Three kinds of efficiency were 
considered:
 1. Commercial PV cells (Fig. 6.41) have 
efficiencies between 12-25% in ordinary sunshine, 
depending on price and type (Kaldellis et al., 2013, 
p.199; Twidell and Weir, 2015, p.197-198). An 
efficiency of 20% was taken as starting point. 
 2. The efficiency of OPV (Fig. 6.38, 6.41) so 
far is 10% (Green et al. in Twidell and Weir, p.186). 
 3. Efficiency of the solar cells on the 
solar highway (Fig. 6.51) are based on the similar 
technology applied at Rotterdam central train station. 
The estimated efficiency is considered as 4,5%. 
The estimation of this efficiency number is shown in 
Appendix 4. 
 For calculating the regular PV surfaces 
(m2) of the solar islands and of the fields at the 
A10 highway exits (see Fig. 6.29), AutoCAD was 
used. For calculating the roof surface of the solar 
highway AutoCAD was used as well. The OPV sails’ 
and halls’ basic surfaces were also calculated in 
AutoCAD, but a reduction of 10% in surface was 
applied because there is some open space between 
OPV panels (see Fig. 6.55). 

Conclusively, all (O)PV surfaces included in the 
design are shown in Table 6.1. The estimated 
electricity yield (kWh) per year is derived from the 
1.042 kWh / m2 / year, surfaces of active (O)PV in 
m2, and the efficiency per technology, being the 
following formula:

Estimated kWh = surface (m2) * 1.042 * efficiency 
factor 

Theoretically the designed solar energy landscape 
could almost make Zeeburgereiland energy neutral 
through solar energy alone when considering the 
expected electricity demand (from paragraph 6.2.4) 
of the whole island (Fig. 6.57). Electricity demand 
in paragraph 6.2.4 and Figure 6.57 does not only 
account for neighbourhood RI-Oost, but includes the 
whole prospective electricity demand of ZE when all 
planned sub-neighbourhoods are constructed. 
 A proportion of additional electricity of about 
920.000 kWh would be needed to fulfill the whole 
expected electricity demand. Neighbourhoods on 
ZE that are not constructed yet should account 
for renewable energy supply as well to fulfill this 
demand entirely.   
 Although this thesis consciously focussed 
on the shaping of solar energy, this would only 
regard electricity generation during daylight. 
Making use of additional renewables (e.g. small 
wind turbines on buildings) is therefore considered 
important to supply electricity also during the night 
and on clouded days. When non-renewable energy 
from outside ZE will become redundant for ZE the 
ambition of an energy-neutral neighbourhood could 
be genuinely fulfilled. What is designed for RI-Oost 
might serve as inspiration for integrating renewable 
energy into urban public space when larger arrays of 
open land are scarce.    
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UTILITY
7.020.000

ELECTRIC CARS
5.486.250

A10 EXITS
1.228.518

OPV SAILS
2.086.605

OPV HALLS
2.057.950

SOLAR HIGHWAY
389.187

ADDITIONAL ENERGY
918.191

Figure … Sankey prospective energy balance Zeeburgereiland 
 
Solar energy unit Surface (m2) Note Efficiency kWh (annual) 
PV islands 15.987 north-west 0,20 3.331.691 
(in water) 7.084 north-east 0,20 1.476.306 
 7.567 north-east 0,20 1.576.963 
 7.486 north-east 0,20 1.560.082 
 7.084 south 0,20 1.476.306 
 7.084 south 0,20 1.476.306 
 28.446 south 0,20 5.928.146 
A10 exits 4.355 at IJburglaan 0,20 907.582 
 1.540 at IJburglaan 0,20 320.936 
Solar highway 8.300 (actual cells) 0,045 389.187 
OPV sails 20.025 (incl. 10% surface reduction) 0,10 2.086.605 
OPV halls 19.750 (incl. 10% surface reduction) 0,10 2.057.950 
     
Total 134.708  Total 22.588.059 
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Table 6.1 Surfaces of actual PV structures with estimated 
kWh rate per year.

Figure 6.57 Sankey diagram of the estimated energy 
balance per year (in kWh), accounting for the whole of 
prospective Zeeburgereiland (not only neighbourhood 
RI-Oost). 
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7. DISCUSSION AND CONCLUSIONS
7.1 Discussion

In this section the results and methods of this thesis 
are being discussed. 

Measuring human perception of RE technologies 
remains incredibly complex. Either entirely 
supportive or entirely opposing people to such 
technologies are seldom identified. A multitude of 
physical and psychological attributes related with 
liking and disliking RE installations underlines this 
complexity. Moreover, attitudes are dynamic and can 
change over time. Nevertheless the literature review 
and survey were able to identify some response 
patterns. Several remarks can be made on the 
results and methods.  
 As mentioned in the literature review 
opinions are diverse and complex, but in the survey 
response patterns were able to be detected. For 
example the most positive and negative features, 
mean differences and path analysis revealed several 
similarities among the four solar energy projects. 
Although the four limited sample sizes revealed 
such similarities, more respondents would lead to 
more accurate and significant findings representing 
the population. A large portion of the population 
that has been missed could alter the findings 
greatly. Therefore the author hopes that the sample 
represents the population reasonably. What needs 
to be considered is the external validity of the survey 
findings. For now it seems that solar parks are less 
intrusive than wind turbines, whereas solar trees are 
generally more visually appealing than solar parks. 
However these were ultimately varied locations in 
different contexts. Solar parks and solar trees differ 
greatly so interpretations of the survey should be 
taken cautiously. Survey respondents were not 
asked why they answered Likert-scale questions as 
such (e.g. why is the shape attractive or unattractive, 
why does it fit or not fit on its place). This could have 
revealed more insights. But the involved amount 
of open questions was limited on purpose due to 
the chosen questionnaire method aiming for more 
respondents than with interviews. Data gathering 
time was limited and focus on salient physical and 
psychological attributes in the questionnaire was 
needed. Solar tree-like installations might be found 

more attractive than solar parks in other locations 
as well. Considering the design for Zeeburgereiland 
it remains unsure whether people will like the 
designed solar energy infrastructure if it would be 
constructed. However this study tended to interpret 
findings from the literature review and survey into 
a design believed to have potential to satisfy public 
preference.    
 In found literature there was lack of a 
commonly accepted framework for renewable 
energy perception surveys, which was also stressed 
by several authors. Therefore various physical 
and psychological attributes were identified in the 
literature review, consequently attributes believed 
to be salient for landscape architecture were 
selected and included in the survey. The search 
engine Scopus was believed to indicate the most 
relevant literature, but other search engines might 
have indicated bodies of literature providing other 
important survey items. However the survey items in 
this study are assumed to illustrate a comprehensive 
response on the experience of renewable energy 
due to a mixed method approach (quantitative and 
qualitative). The survey was a cross-sectional study 
so it could miss important findings developing over 
time. Perhaps increasing familiarity goes along with 
increasingly positive ratings on physical attributes 
which might be revealed in a longitudinal study. But 
available time of the thesis of course restricts such 
studies accounting for several years.
 What people like and dislike about solar 
energy is still an underdeveloped area of research.
Future research could study perceptions of other 
solar parks in different contexts with larger sample 
sizes. It would also be useful to study perceptions of 
other forms than large wind turbines and solar parks 
(e.g. smaller scale installations like solar trees or 
turbys). Developing a wider body of implications for 
design satisfying public preference for RE is useful 
for planners, (landscape) architects and artists and 
can help easing the renewable energy transition.    
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7.2 Conclusions

In this section the conclusions from the study are 
formulated by answering the research questions. 
This study commenced with a fascination for 
landscape preference and oppositions to concrete 
RE projects. In order to answer the main question, 
first the sub-research questions are answered. The 
first sub-research question was:

1. Which physical and psychological attributes are 
related with liking or disliking renewable energy 
infrastructure?

In the literature review various attributes are 
identified and summarized in a table, comprising 
physical, contextual, political, socio-economic, 
social, symbolic, local, personal and environmental 
attributes. Some attributes might overlap each 
other and can be interrelated. For instance disliking 
the visual impact (physical and contextual) might 
be related with place and identity processes, e.g. 
place disruption (local). In the other way around 
people might like the physical appearance because 
it symbolizes a sign of progress or clean energy 
(symbolic). 

The second sub-research was:

2. What is the relative importance of these physical 
and psychological attributes in liking or disliking?

Most people seem to favour RE in principle, but at 
concrete wind and solar energy projects the visual 
impact remains a primary concern. No studies were 
found that empirically address a large part of the 
identified attributes, they rather focus on a limited 
set of attributes. The most important or frequent 
reasons for liking or disliking varies per study. The 
survey indicated that the most positive feature of 
the solar projects was the function of generating 
(renewable) energy. The majority was not able to 
mention a most negative feature. Visual appeal of 
the solar trees is influenced the most by perceived 
attractiveness of the shape, whereas the solar trees 
seem to have a shape generally found attractive with 
acceptable size and colours. Perceived importance 
of climate change and support of RE in general 
had occasionally a moderate effect on general 
liking. Influence on appreciation through personal 
investments and connection to RE was found 

negligible in all four cases.

The third sub-research was:
  
3. How do identified attributes differ across multiple 
locations?

While in some locations the visual impact is found 
most explicit other locations reveal economic, 
environmental or procedural reasons for opposition 
or support. Some studies in the literature review 
suggest that wind turbines deteriorate areas 
perceived as beautiful, but improve areas perceived 
as less beautiful. Landscape context is therefore 
crucial. Each location reveals their own most 
important attributes which is highly dependent on the 
specific site and situation. Thus a general pattern 
of salient attributes across ‘types of locations’ (if 
those could be formulated) cannot be identified. 
In the survey all four cases scored positive for 
appreciation, while the solar trees have significantly 
more positive ratings on the appearance (visual 
appeal, shape, scale, colour) than the solar 
parks. The solar park in Almere is better rated on 
appearance than the one in Ouddorp. This was 
found likely not because of the panels but rather due 
to a richer landscape experience with water, riparian 
vegetation, and multiple viewpoints.

The design question was formulated as follows:

4. Which implications for design could account 
for public preference for solar energy and can be 
applied for a spatial design at Zeeburgereiland?

For new solar parks, two implications for design 
were formulated: (1) make use of water, riparian 
vegetation, and colourful vegetation on panel fields 
for a richer landscape experience, and (2) make 
use of accessible viewpoints looking over solar 
parks that can offer an interesting overview of the 
solar park with its surroundings. For smaller scale 
solar energy, four implications were formulated. 
(1) Search for attractive shapes that can generate 
electricity seriously contributing to energy neutrality 
in neighbourhoods, (2) shapes found attractive 
might be inspired from nature (like the solar ‘trees’) 
or familiar objects in daily life reminding people of 
what they are comfortable with, (3) making use of 
multi-functionality by creating added value to public 
space (not merely generating energy) is desired, 
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and (4) active interaction between RE and people is 
considered important for appreciation. 
 In the design for Zeeburgereiland, solar 
islands were designed in the water around 
Zeeburgereiland, whereas green edges with 
vegetation and an elevated viewpoint as restaurant 
can bring a richer landscape experience. Smaller 
scale solar energy was inspired from garden 
architecture and is in essence designed as pergolas 
with semi-transparent OPV technology above the 
street profile. On purpose the solar trees from the 
survey (although positively rated) were not imitated. 
It was found more useful to design for a serious 
electricity contribution (much m2 of OPV) through 
a multifunctional shape people may find attractive 
(pergola-like) while providing shade, shelter, and 
colourful street lighting at night. The author tended 
to make a proper integration of solar energy at 
Zeeburgereiland while accounting for (prospective) 
site characteristics such as energy demand, routing 
through the neighbourhood and the experience of 
surrounding water.

The main research question was:

Why do people like or dislike renewable energy 
perceptible from public space, consequently which 
implications for design can be established? 

There are various reasons people like or dislike 
renewable energy simultaneously. Studies often 
refer to the symbolical aspect for liking; being a sign 
of progress or the function that it generates clean 
energy being environmentally benign. Disliking 
wind turbines is often related with unwanted visual 
impact. There are some indications solar parks 
deteriorate landscape views, but they are assumed 
to be less intrusive than wind turbines due to 
limited height. Some longitudinal studies suggest 
increasing acceptance of wind turbines, so through 
increasing familiarity it probably takes time before 
new man-made elements like RE infrastructure 
are accepted as a self-evident part of the 
landscape. In the survey the function of generating 
(renewable) energy was liked the most, whereas 
positive notions on visual appeal and shape were 
frequently identified at the solar trees. If there was 
dislike it was mostly expressed as spoiled views, 
too prominent presence, or doubts about cost-
efficiency. Implications for design were formulated 
in two dimensions: solar parks and smaller scale 
solar energy. Finally it can be concluded that a 

questionnaire is well able to identify what people 
like and dislike about RE projects, contributing 
to implications for design.  More research on 
perception of solar energy can contribute to a larger 
body of knowledge, but this thesis is hopefully an 
inspiration for planners and (landscape) architects to 
design with solar energy in public space.
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APPENDIX 1

The greenhouse effect is a natural phenomenon of Earth, but fossil fuels in the 
last 200 years caused increase of atmospheric CO2 concentration much higher 
compared with previous million years (Twidell and Weir, 2015, p.39). These and 
other gases constitute a greenhouse effect, causing extra warming due to the 
atmosphere’s absorption of incoming solar radiation and Earth’s heat radiation 
(p.63). Consequently the Earth’s mean temperature increases, stimulating climate 
change (p.39). Notable greenhouse gases (GHGs) responsible for this effect are 
CO2 (carbon dioxide), N2O (nitrous oxide) and CH4 (methane) (p.63). Especially 
because of the last 200 years, mankind caused an ‘enhanced greenhouse effect’ 
due to mainly fossil fuels for industries and agricultural practices (p.63-64).

Short elaboration on the greenhouse effect
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APPENDIX 7
Masterplan of  sub-neighbourhood RI-Oost


