o ey z
<@ sustainability ﬂw\p\py

Article
The Impact of Photovoltaic Applications on Urban
Landscapes Based on Visual Q Methodology

Ming Lu 12, Alin Lin »>*( and Jiyi Sun !

1 School of Architecture, Harbin Institute of Technology, Harbin 150006, China; hitlm1969@hit.edu.cn (M.L.);
JiyiSUN0604@163.com (J.S.)

Heilongjiang Cold Region Urban-Rural Human Settlements Science Key Laboratory, No. 66 Xidazhi St.,
Harbin 150006, China

*  Correspondence: 14b934010@hit.edu.cn; Tel.: +86-0451-8628-1137

check for
Received: 16 January 2018; Accepted: 30 March 2018; Published: 2 April 2018 updates

Abstract: In recent years, the installation of photovoltaic systems in China has increased steadily to
gradually become large-scale, having a significant impact on the urban landscape. Research on this
impact mostly focuses on visual impact and glare risk. However, differences in urban land use types
may lead to differences in the impact of photovoltaic applications on the landscape. This study adapts
visual Q methodology to assess the impact of photovoltaic applications on the landscape in urban
areas. Landscape photographs of photovoltaic applications in different cities of China are collected
and used during the concourse and Q sorting. The final Q sample is composed of 36 photographs of
different photovoltaic materials at different levels of integration in six urban land use types. The P set
is composed of 36 respondents, including experts and non-experts. In conclusion, environmental
harmony, power generation, innovative design, installation height, and social benefits of photovoltaic
systems are the main impacts of photovoltaic systems on urban landscapes. Photovoltaic systems in
different urban land use types have different impacts on the landscape. The conclusions have policy
implications for different urban land use types, which has significance for the construction of urban
photovoltaic systems in the future.

Keywords: photovoltaic applications; landscape assessment; urban areas; visual Q sorting; China

1. Introduction

The installation of photovoltaic systems provides significant economic and environmental benefits,
such as CO; and greenhouse gas reductions, in comparison to conventional energy production.
However, these positive effects of photovoltaic systems are partially offset by negative impacts that
cause restrictions to social acceptance [1]. The published research provides a good understanding of
environmental (human health, farmland, wellbeing, wildlife and habitat, geohydrological resources
and climate change) [2,3], territorial and landscape (land use, visual impact, and glare risk included)
impacts from photovoltaic systems [4-6]. The environmental impacts are beneficial or neutral when
compared to traditional means of power generation, and territorial and landscape impacts are always
studied together. Photovoltaic systems require suitable land, which otherwise may lead to land use
changes and landscape fragmentation.

The implementation of various energy policies promotes the development of photovoltaic
applications at the global level [7]. Incentive policies and ideal geographical location ensure an optimal
use of solar energy in Europe [8,9]. The photovoltaic industry has been growing rapidly in northern
European countries and the UK by incentives. Regarding Italian regions, particular geographical
positioning of photovoltaic plants can cause significant differences in profitability and environmental
impacts. Environmental damages such as agricultural land consumption and soil sealing are caused
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by the booming sprawl of solar modules in rural areas [10,11]. Instead of large ground-mounted
photovoltaic arrays in rural or peri-urban areas, landscape integrated photovoltaic systems might be
required in important sites in urban areas. The impact of photovoltaic systems on the urban landscape
is an important area of research in IEA-SHC (Solar Heating and Cooling Programme, International
Energy Agency) Task 51 [12]. The sustainable solar city design combines urban planning integrated
with solar energy [13], using the core theory of “energy landscape” [14]. Based on the energy landscape
theory, concerns over the design and assessment of “photovoltaic landscapes” [15] are increasing.
The concept of a photovoltaic landscape means that photovoltaic systems should be designed as
an element of the landscape to which they belong to reduce the visual impact of photovoltaic systems.
Not only landscape components, solar panels on building facades, transportation facilities, and other
public utilities in urban areas cause visual impacts as well. Clearly, landscape and visual impacts have
become factors that affect photovoltaic applications in urban areas and policy-making.

Several methodologies have been developed for the landscape impact assessment of photovoltaic
applications. Torres et al. [16] highlighted the aesthetic impact of solar power plants (for example,
visibility and color) and used objective and subjective approaches in which photographs and interviews
were combined. Chiabrando et al. emphasized the territorial and landscape impacts (mainly, a visual
impact evaluation was presented) of photovoltaic systems by geographical information systems (GIS)
and daylighting software tools, which assessed the risk of glare by the reflection of direct sunlight
from the surface of photovoltaic cells. Mondino et al. [17,18] summarized four different types of
documents regarding the evaluation of the site and used GIS to select a suitable site for photovoltaic
plants, but actual landscape assessment was not studied. However, the authors noted that landscape
assessment of a new photovoltaic plant should be made with GIS spatial analyses and with other
software tools and techniques (for example, picture analysis). Additionally, Mauro and Lughi [19]
investigated the impact of photovoltaics on land use through the Open Street Map (OSM) platform
and GIS-based techniques. Afterwards, Rodrigues et al. [20] proposed a method addressing the impact
from both a spatial and perceptive approach to assess the visual impact caused by wind farms and
solar photovoltaic or solar thermal plants. Additionally, Naspetti et al. [21] used a quantitative and
qualitative approach (visual Q sorting) to determine the impact of photovoltaic applications on urban
and rural landscapes. Visual Q sorting is particularly suited for studying the subjective perception of
landscape assessment since it considers the characteristics and preferences of the individual. Landscape
impact is particularly critical for assessment, and subjective landscape perception should be considered
to create a relationship between human perception and the environment. These methodologies are
useful when assessing the landscape impact of photovoltaic applications. Satellite methodologies are
more effective for the performance evaluation of medium and large photovoltaic plants, while visual
Q sorting is more suitable for small photovoltaic applications in cities. Further research should focus
on the assessment of the observer’s experience with satellite methodologies.

In China, photovoltaic applications in urban areas are mainly divided into distributed and central
photovoltaic applications [22]. Central photovoltaic applications refer to large-scale photovoltaic power
stations designed for long-distance power transmission, which are located far from urban areas in
places such as deserts. Distributed photovoltaic applications operate in or near the users for their own
use, and extra power is transferred to the national grid [23]. Distributed photovoltaic applications are
appropriate to build in an urban context because site selection is flexible and the ability to make full use
of building surfaces to conserve land. In 2017, the installed capacity of China’s distributed photovoltaic
power generation increased by 19.44 GW. By the end of 2017, the total distributed photovoltaic power
generation of China was 29.66 GW. Decreasing installation costs and government subsidies are the
main factors causing the sharp increase in photovoltaic installations.

In 2014, policies for distributed photovoltaic applications were made by the National Energy
Administration (NEA), which applied distributed photovoltaic power generation to urban master
planning. The areas of roofs, electricity load and other indexes were considered in distributed
photovoltaic application planning. Demonstration areas of distributed photovoltaic applications
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were established by the National Energy Administration (NEA) and National Development and
Reform Commission to improve photovoltaic technology and decrease costs and electricity prices.
Financial subsidies to investment enterprises, energy service companies and individual investors are
the government’s main means of inspiring the development of distributed photovoltaic applications.
From 2013 to 2017, the national subsidy for distributed photovoltaic applications was 0.42 yuan per
kilowatt, which decreased to 0.37 yuan per kilowatt since 2018. The local government was encouraged
to provide matching financial subsidies based on national subsidies. Moreover, commercial enterprises
and industrial areas with higher electricity prices and public utilities, such as roads, parks and parking
lots are encouraged to prioritize the construction of photovoltaic systems. Buildings integrated with
photovoltaic (BIPV), especially public buildings, such as schools, hospitals, stations, airport terminals,
stadiums, and official buildings, are also encouraged by the Chinese government.

China has introduced a variety of energy policies in recent decades. The policies ignore the
landscape assessment of photovoltaic systems and the visual impact for the public. The majority of the
installation of photovoltaic systems is the government’s responsibility in China, and the public has
to bear the impact of photovoltaic applications on the landscape, especially in urban areas where the
single and mechanical appearance of photovoltaic systems has a negative impact on the landscape and
human perception.

Recently, given the increased concerns towards effects of photovoltaic system on landscapes,
the application of photographs, interviews with the public, subjective feelings, and behaviors were
considered with a landscape assessment, which creates a connection between individuals and
photovoltaic policy-making. However, current studies lack consideration of the urban context,
particularly urban land use types. In this article, urban land use types are discussed, and the different
impacts of photovoltaic applications on the landscape are investigated in different land use types.

Here, we seek to understand and explore the landscape assessment of photovoltaic systems
in different urban land use types in China and to clarify preferences by sorting people with similar
opinions into groups. In Q methodology [24], particularly visual Q sorting, individual express personal
subjective points of view on a series of semantic photographs of a photovoltaic system. A statistical
analysis method is used to determine the impact of photovoltaic systems on urban landscapes. We first
select 36 photographs representing typical photovoltaic systems in different urban land use types
as the Q sample. In total, 36 participants (including experts and non-experts) serve as the P set.
Five factors are then extracted by factor analysis. After interpretation and explanation of the five
factors, the impacts of photovoltaic applications on the urban landscape are analyzed. Based on
the results, we determine the differential impacts in different urban land use types. We also make
suggestions for future policy and planning.

2. Methodology

Q methodology, which evolved from factor analysis, was first introduced by British
physicist-psychologist William Stephenson in the mid-1930s [25,26]. Q methodology collects subjective
perceptions of a discourse on a specific topic and sorts them during statistical analysis [27],
which combines quantitative and qualitative research [28]. This methodology collects the viewpoint
of certain groups of people on an issue and sorts respondents into groups with similar attitudes.
Generally, there is no hypothesis about the issue. Q methodology is applicable to exploratory research;
new thoughts from individuals are discovered during the research. Therefore, the advantage of
this method is combining the objective issues and preferences of the individuals. Q methodology
emphasizes the importance of the individuality of the respondents, which is a research method with
a small sample. Therefore, the respondents of the Q methodology should represent the range of
opinions on the issue.

Q methodology is constantly performed with statements (words) from the respondents,
but previous research has shown that using photographs as statements is more suitable for
discourse [29]. Images, intuitive feelings, emotions, and types of reasons from the respondents can
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be recorded more easily. The combination of Q methodology and visual images makes the interview
more reliable and valid and is called visual Q methodology (visual Q sorting) [30,31].

In the present study, Q methodology and visual Q methodology were applied to evaluate land
use [32] and assess a specific landscape in the field of tourism and landscape architecture [33,34].
Landscape assessment and evaluation depends on the features of the physical environment and the
preferences of the individuals; Q methodology was suitable to be employed as a means to connect
a landscape and personal thinking. Visual Q methodology was also applied to identify an individual
acceptance of photovoltaic systems and determine the impact on the urban and rural landscape. Using
visual Q methodology to evaluate the value of a landscape could provide guidance for landscape
planning, governance of policy and management.

Visual Q methodology was selected in this study. The process of visual Q methodology consists
of five steps that are illustrated by McKeown and Thomas [35] based on Brown’s research: definition
of the concourse, development of the Q sample, selection of the P set, Q sorting, factor analysis and
interpretation. In the concourse, samples of the issue should be collected. We selected a variety
of photographs of landscapes concerned with photovoltaic systems in urban contexts. A total of
468 photographs were collected by the authors during the investigation representing photovoltaic
systems in an urban landscape. Based on inductive studies, the photographs included different
geographical areas and different urban land use types, different types of photovoltaic applications
(photovoltaic systems on grounds, buildings, lights, pavilions, sculptures), and different photovoltaic
cells (crystalline silicon cells, amorphous silicon cells, and organic cells) were included.

2.1. The Q Sample

The Q sample included images to sort from the concourse. The number of images should be 30-60 in
general [36]. The Q sample needs to be diverse rather than random or representative [37]. According to
Q methodology, the photographs should be diverse and specific. In the process of photograph selection,
opinions and suggestions from local experts were considered. Moreover, the number of photographs was
reduced by removing those with low pixels and without typical features. After classification, we found that
the remaining photographs reflected the following aspects: the main urban land use types were residential
land, administration and public service land, commercial and business facilities land, industrial and logistics
warehouse land, transportation facilities and municipal utility land, and green space [38]. Each urban land
use type had three levels of integration: photovoltaic systems that were non-integrated, semi-integrated
or integrated. Two photographs were selected for each category to make them representative. Therefore,
as shown in Figure 1, the final Q sample was composed of 6 x 3 x 2 = 36 photographs.
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Figure 1. The factorial design of the Q sample.
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2.2. The P Set

Q methodology ensures that participants express their individual opinions and subjective feelings
about an issue. In this study, the participants were asked to express their opinions about photovoltaic
systems in an urban context and should be aware of photovoltaic applications. To make the opinions
from the participants more reasonable, the participants in this study were classified into two groups,
experts and non-experts. Experts tended to be more professional regarding the national policy and
technology of the photovoltaic systems; non-experts were mainly concerned about the influences
of photovoltaic systems. The P-set was composed of 36 participants, 19 experts and 17 non-experts.
The group of experts included 4 landscape and urban planning designers, 6 photovoltaic engineers
and 9 urban planning students. The group of non-experts included 7 general students, 2 staff members,
3 politicians, 2 laborers, 2 retired persons and 1 housewife. As seen in Table 1, all participants
were coded.

Table 1. Number of Participants.

Experts Non-Experts
14 Landscape and urban planning designers 14-20 General students ~ 32-33 Laborers
5-13  Urban planning students 27-28  Staff members 34-35 Retired persons
21-26  Photovoltaic engineers 29-31 Politicians 36 Housewife

2.3. The Q Sorting

Before the interview, the purpose of this research and instructions on completing the questionnaire
were explained to the participants. First, the participants were asked to sort the photographs into
three groups according to their subjective feelings: “most liked”, “most disliked”, and “neutral
or indifferent”. The participants were then asked to sort the 36 photographs in a forced normal
distribution that was defined as 11 groups: from “most disliked” (—5) to “most liked” (+5). The groups
were scored as —5, —4, —3, -2, —1, 0, +1, +2, +3, +4, and +5, which was almost a normal distribution.
After the sorting, the participants were asked to explain their choices, especially regarding photographs
that scored in the four extremes (—5, —4, +4, and +5). The interviews were conducted from March to
May 2017 and were held in Dezhou (known as the Solar City of China), Shandong Province; Hangzhou,
Zhejiang Province; and the Harbin Institute of Technology in Heilongjiang Province. The average time
of the interview was 25 min. Finally, we obtained 36 Q sorts. We coded these Q sorts and entered them
into the PQ Method software 2.35 [39] for quantitative analysis.

2.4. Analysis and Interpretation

We applied a factor analysis using PQ Method software to investigate patterns in the Q sorts.
To determine the extent to which a participant agreed or disagreed with a factor, we used factor
loadings. Factor arrays illustrating these photographs accounted for each factor. Five factors were
extracted using principal component analysis; afterwards, a varimax rotation of these factors were
performed. Five factors sorted participants with similar opinions regarding the impact of photovoltaic
systems on landscapes together (see Table 2). The factor loadings of the five factors were statistically
significant with a p-value < 0.01 and accounted for 62% of the variance.

The interpretation of the five factors was based on the factor arrays (see Table Al in Appendix A).
The content was recorded during interview, especially the reasons why respondents most liked or
most disliked a photograph, to make the results scientific and professional.
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Table 2. Attribution of Q sorts to each factor.

No. of Participants

Participants
F1 F2 E3 F4 F5 None
Experts 1,3,4,8,22 1,2,7,13,21,23,25 5,9,11 12,24 6 10, 26
Non-experts 16,18, 19, 30, 34, 35 28,29 14,32 15 17,36  20,27,31,33
Total 11 9 5 3 3 6
3. Results

3.1. Factor 1 (F1) Photovoltaic Applications in Harmony with the Environment

F1 was defined by 11 participants, which included one landscape designer, two urban
planning designers, one urban planning student, three general students, one photovoltaic engineer,
one politician, and two retired persons. This factor had an eigenvalue of 11.21 and explained 31% of
the study variance.

The photographs that received the highest scores in this factor were #35, #33 and #31, and the
lowest score in this factor was #32 (see Figure 2). All the photographs showed the photovoltaic
applications in green space. Individuals loading onto this factor preferred to see photovoltaic
systems integrated with landscape structures (pavilions, sculptures, and garden lights). F1 was
sensitive to the camouflage of the photovoltaic systems. Photovoltaic systems integrated into the
infrastructure minimized the impact on land use or the function of the green space, which is more
aesthetically harmonious with the environment. The designs were intended to increase public
acceptance. The participants in this group disliked seeing non-integrated photovoltaic systems on the
ground. Ground-mounted photovoltaic systems affected public perception of the landscape in urban
areas, which may cause a visual impact and limit quality of life, according to the interview.

Figure 2. F1 sorting photographs: most liked and most disliked.

3.2. Factor 2 (F2) Power Generation of Photovoltaic Systems

F2 was defined by nine participants, including seven experts. These nine participants were
comprised of two urban planning designers, two urban planning students, three photovoltaic engineers,
one staff member, and one politician. This factor had an eigenvalue of 4.18 and explained 12% of the
study variance.

F2 suggested that photovoltaic power generation should be considered a priority (see Figure 3).
The common feature of the three top-ranked photographs were photovoltaic systems integrated
with facades of industrial buildings (#23) and public buildings (#11 and #12). The bottom-ranked
photographs showed the photovoltaic systems that were non-integrated or semi-integrated with
transportation infrastructures. F2 individuals preferred photovoltaic facades with higher power
generation. These individuals gave the lowest score to the bus shelter roof with a small area of
photovoltaic cells (#25). The group that defined F2 were mostly experts who observed a strong need for
power generation. These individuals shared the viewpoints that integrated photovoltaic facades did
not occupy human living space and that considerable power generation was more useful for human
life. According to post-sorting interviews, photovoltaic engineers thought that photovoltaic systems
with a certain level of power generation offered more socio-economic benefits and reduced the energy
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pressure. Photovoltaic systems integrated with transportation infrastructures caused negative visual
impacts. Moreover, the electricity generated by these photovoltaic systems may not be as much as
expected, which was not preferable.

Figure 3. F2 sorting photographs: most liked and most disliked.

3.3. Factor 3 (F3) Innovative Design of Photovoltaic Applications

Five participants defined F3, including three urban planning students, one general student,
and one laborer. This factor had an eigenvalue of 2.59 and explained 7% of the study variance.

The photographs (#9, #20, and #30) that received the highest scores in this factor showed
innovative design in which the patterns and colors were designed to aesthetically integrate with
corridors and car sheds. Innovative design refers to the perfect combination of colors and patterns of
photovoltaic cells with buildings or structures through splicing, compression and coating processes,
making them invisible. The photographs that received the lowest scores showed the photovoltaic
systems being mechanically placed on the ground and on landscape structures (see Figure 4). For the
individuals in F3, these photovoltaic applications had no consideration on aesthetic harmony between
human activities and the urban facilities. The color selection and patterns of photovoltaic cells were
associated with impacts on the urban landscape. The innovative design of photovoltaic systems
emphasized the invisible design of color and patterns of photovoltaic cells.

Figure 4. F3 sorting photographs: most liked and most disliked.

3.4. Factor 4 (F4) Social Benefits of Photovoltaic Applications

Three participants defined F4: one urban planning student, one photovoltaic engineer, and one
general student. This factor had an eigenvalue of 2.21 and explained 6% of the study variance.

F4 showed a preference for the social benefits of photovoltaic systems. All photographs (see
Figure 5) in this group showed aesthetic harmony with the environment. In addition, photographs that
accounted for F4 were mostly in green space as well. F4 shared similarities with F1 but with a primary
focus on social benefit. F4 was not interested in high landscape camouflage. The photographs that
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received the highest scores from F4 showed the photovoltaic applications that provided social benefits,
such as illumination and indications for citizens. The photovoltaic facade in #11 was connected to the
national grid. F4 individuals liked the photovoltaic systems for creating socio-economic benefits for
human daily life and disliked the photovoltaic systems on landscape structures.

Figure 5. F4 sorting photographs: most liked and most disliked.

3.5. Factor 5 (F5) Installation Height of Photovoltaic Systems

Three participants defined F5: one urban planning student, one general student, and one
housewife. This factor had an eigenvalue of 2.11 and explained 6% of the study variance.

In this factor, the arrangement of photographs emphasized photovoltaic applications on roofs
that were out of the public eye, suggesting high appreciation for photovoltaic rooftops on multi-story
and high-rise buildings. Photographs displaying a public building (#10), residential building (#4)
and train station (#29) ranked highest in F5. These settings were described as “out of the public eye”.
The least-liked photographs showed photovoltaic roofs on one-story buildings (see Figure 6). In F5,
the individuals were concerned about glare risk from the photovoltaic cells. F5 indicated a concern for
the installed height of photovoltaic systems. Visual impact was caused when the installed height was
within sight, for example, roofs on one-story buildings. When the installed height was out of sight,
the negative visual impact was reduced. F5 respondents supported photovoltaic applications on the
roofs of high buildings.

Figure 6. F5 sorting photographs: most liked and most disliked.

3.6. Consensus Photographs and Opinions

There were relatively high correlations between factor scores (see Table 3), but there were no
consensus photographs in this study. Consensus photographs referred to photographs that did not
distinguish between any pair of factors and were non-significant. The highest rankings of the consensus
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were found for #3 (photovoltaic systems on facades of high-rise residential buildings), #5 (innovative
design of a photovoltaic roof on multi-story resident buildings), #8 (photovoltaic shading structures
for temples), #19 (photovoltaic plants on industry grounds), and #26 (photovoltaic cells on airport
grounds) (see Figure 7).

Table 3. Correlations between factor scores.

F1 F2 E3 F4 F5

F1 1.0000 0.3735 0.3803 —0.1404 0.3778
F2 0.3735 1.0000 0.5026 0.1042 0.0901
F3 0.3803 0.5026 1.0000 0.1031 0.1854
F4 —0.1404  0.1042 0.1031 1.0000 —0.1331
F5 0.3778 0.0901 0.1854 —0.1331 1.0000

The most common opinions proposed from the post-sorting interviews were resistance to
ground-mounted photovoltaic systems (#19 and #26). When the mechanical photovoltaic panels
were placed on the ground, urban planners and landscape designers were needed to intervene to
enhance the design beauty. Other opinions mentioned were about photovoltaic systems on historical
or protected buildings; participants disliked the photovoltaic applications on these buildings, whether
it was integrated or non-integrated (#8). Even though the non-integrated photovoltaic utilization had
no effect on protected buildings” structures, it decreased the cultural and ornamental values of these
buildings. The participants, especially non-experts, showed great interest in the innovative design
of photovoltaic applications on residential buildings (#5); both #3 and #5 were strongly accepted by
participants, which brought economic and social benefits.

%
a
2
af
A
e

e

Figure 7. Photographs with common opinions.

4. Discussion

Photovoltaic applications in urban contexts aim to address energy crises and electricity shortages,
but they should not conflict with the urban landscape. By using visual Q methodology, we sought to
better understand the impacts of photovoltaic applications on landscapes in different land use types.
In a quantitative research setting, we collected and clarified the landscape preferences of experts and
non-experts. We first discuss the role of public participation and landscape preferences in five factors.
In addition, the different benefits of photovoltaic applications are compared. Afterwards, site selection
for photovoltaic applications in different land use types is expounded from the perspective of decision
makers. The academic contributions to the discipline in the study are presented. Lastly, the advantages
and limitations are clarified regarding the application of the visual Q methodology in the landscape
assessment of photovoltaic applications.



Sustainability 2018, 10, 1051 10 of 15

4.1. The Relationship between Factors and Public Participation

First, an attempt has been made to demonstrate the importance of public participation in this
research. These five factors reflect the preferences of the public in multiple ways. A complete
understanding of the diversity of perceptions could help promote the design of photovoltaic systems.
By taking public preferences into account, planning of photovoltaic utilization and city planning will
be performed with justice and integrity. The participation of the public in the decision-making process
should be considered in advance. The relationship between factors and public participation yields
recommendations for landscape assessment based on empirical research.

The results suggest that respondents from F1 support a photovoltaic landscape designed to be
aesthetically harmonious with the environment. Similarly, the respondents from F4 are also concerned
with aesthetic harmony, but unlike the F1 participants, their current need for photovoltaic applications
strongly emphasized the social benefits of photovoltaic systems. For F2, “photovoltaic power
prioritized” was particularly important to offer economic and environmental benefits. This group
aligned closely with the objective of “photovoltaic systems on transportation facilities”. For F3,
the most obvious preference was “innovative design”. Individuals in this group were interested in
seeing innovative designs of color and pattern of photovoltaic systems. F5, however, was more specific
in preferring photovoltaic roofs that were designed out of sight or invisible with the lowest visual
impact (glare risk). Additionally, all participants showed a preference for integrated photovoltaic
applications rather than semi-integrated or non-integrated photovoltaic applications.

4.2. The Relationship between Factors and Benefits of Photovoltaic Applications

Moreover, the quantitative results also emphasized the importance of the social and environmental
benefits together with the economic value of photovoltaic applications. Photovoltaic applications have
been increasingly used to produce electricity with a decrease in the emissions of greenhouse gases,
which contributes to economic development. Power generation is considered a priority when making
decisions about a project. Experts in F2, particularly photovoltaic engineers, favored photovoltaic
systems that were integrated with buildings to produce more electricity due to the larger surface area
of the buildings. For F4 individuals, social benefits were more important, which was reflected in the
service capability of photovoltaic applications. Economic values and social and environmental benefits
need to be accounted for so that a reasonable decision from an energy perspective can be made when
a photovoltaic power station is built. Unlike F2 and F4, individuals from F1, F3 and F5 considered
photovoltaic applications from a social-psychological perspective.

Photovoltaic applications in urban areas represent more than an economic issue, and a cost-benefit
analysis is deficient. Landscape assessments, together with social-psychological patterns from the
public, are both indexes that can be used to evaluate the impact of a project.

4.3. The Relationship between Urban Land Use Types and Photovoltaic Applications

These results illustrate that differences in urban land use types may influence the impact of
photovoltaic systems on the landscape. The corresponding monetary policy and solar photovoltaic
policy for different land use types will bring about significant improvements in the layout and design
of photovoltaic applications in urban areas. This approach provides references for decision-makers to
reconsider photovoltaic applications for different land use types.

F1 and F4 mainly accounted for the impact of photovoltaic systems on the landscape in urban
green space, although F4 was more important than F1. F3 is needed less in green space. For green
space, social benefits and the environmental harmony of photovoltaic systems are the main impacts on
the landscape.

While F2-F5 explained the impact on public service land, F2 was the most important factor.
The increase of photovoltaic power generation results in an increase in the number of photovoltaic
panels, which causes an impact on the landscape.
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F2, F3 and F5 accounted for the impact on industrial and transportation land. Photovoltaic
roofs are suitable for industrial land since the greater height of photovoltaic systems does not
generate a landscape and visual impact. Photovoltaic power generation is the main impact on the
landscape on transportation land; transportation facilities, such as lights and bus stops, integrated
with photovoltaic offer fewer benefits than transportation buildings, such as train stations and
airport terminals. Therefore, photovoltaic applications on transportation buildings are preferable to
transportation facilities.

F3 and F5 were the main determinants for residential land. Residents showed significant
preferences for photovoltaic applications that were out of sight. Additionally, innovative designs of
color made the photovoltaic panels more invisible.

There were no factors that accounted for the impact of photovoltaic systems on the landscape on
commercial land. According to the post-interview with participants, they believed that any type of
photovoltaic applications would change the landscape and distinguish the features of business quarters.

The results also suggest that differences in the backgrounds of the participants may influence
the landscape preferences. The experts from F1 and F2 were concerned about the integration and
power generation of photovoltaic systems. Among experts, photovoltaic engineers advocate for
BIPV, which conserves urban land and does not affect people’s activities, while urban planners and
landscape designers claim that photovoltaic applications should be harmonious with the landscape and
be based on the landscape camouflage so that the social benefits of photovoltaic systems are maximized.
Non-experts linked to these five factors were concerned with the visual impact and aesthetic design of
photovoltaic applications, while obscuring of the landscape and glare risk were objections.

Landscape assessments of photovoltaic applications are currently under development in many
different fields (landscape planning, urban planning, energy, economics, and psychology). Due to the
academic background of the P sample, this study was an interdisciplinary study of urban planning,
landscape architecture and energy. Efforts should be made to enhance the integrated design of
photovoltaic applications with the landscape to ensure that the ecological and aesthetic values of
photovoltaic systems on the basis of electricity generation and emissions reduction are maximized.

Progress has been made by previous studies regarding the importance of landscape assessment
for urban photovoltaic applications. Based on previous studies, this paper focused on the differences
in landscape impacts in different land use types. The process of visual Q methodology for evaluating
the impact of photovoltaic applications on the landscape can be quickly implemented. By using
this method, the importance of understanding the factors relevant to public acceptance towards
photovoltaic applications are emphasized. Our study had some limitations that should be noticed.
This study used visual Q methodology for the verification of landscape impact of an existing
photovoltaic system. This progress may be affected by the conditions with which the photographs
were taken (distance and sky cover). The analysis of the landscape impacts carried out by means of
photographs involves the climate conditions and should be carefully selected. Further research activity
should be carried out to minimize the effects of different photographs. Furthermore, a tool based on
visual analysis for the landscape impact assessment may be used in the case of an unbuilt photovoltaic
project to understand the degree of landscape impact. Further research should focus the assessment on
the observer’s experience with GIS-based techniques. We propose establishing a landscape assessment
system that can quantify these indexes to evaluate the landscape impact of photovoltaic applications.

Although our work was applied to urban land use types in China, which may be different from
other countries, our approach and results will be relevant to other countries or districts attempting to
consider landscape assessments for solar energy policy.

5. Conclusions

The objective of this study is to identify the impact of photovoltaic applications on the urban
landscape by using visual Q methodology. The impacts of photovoltaic systems on the landscape are
different in six urban land use types. Five factors (photovoltaic system harmony with the environment,
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power generation, innovative design, installation height, and social benefits) are the main impacts of
photovoltaic applications on the landscape. These impacts place more restrictions on photovoltaic
applications. These five factors are determinants for the future direction of photovoltaic applications
in an urban context and are closely linked with landscape assessment.

We reached the following conclusions:

e Integrated and semi-integrated photovoltaic applications should be emphasized. Photovoltaic
applications for buildings should prioritize roof-based applications, supplemented by
photovoltaic facades. Photovoltaic landscapes are recommended for landscape structures.
The selection of solar photovoltaic panels should be environmentally friendly and add more
varieties of color and shape. In general, the impact of distributed photovoltaic applications on
urban building roofs is less than that of those on the ground or on landscape structures.

e  The impacts of photovoltaic applications in six urban land use types are different. Photovoltaic
landscapes should be aesthetically harmonious with the surrounding environment in green spaces.
Photovoltaic power generation is a significant factor for public service land and transportation
land. Photovoltaic systems on transportation facilities are rejected, while those on transportation
buildings are promoted. Photovoltaic applications on rooftops are more favorable on residential
and industrial land because of the lower visual impact (glare risk). The acceptance of photovoltaic
applications on commercial land is very poor.

The conclusions have important implications for policy-makers and academic studies on urban
photovoltaic utilization. A key contribution of this study is that it can ensure the future development
of photovoltaic systems promoted by the government and consider landscape assessment in the initial
stages. Policy effects, which make the urban photovoltaic utilization a “top-down” system and increase
social acceptance, should be considered.

The impact of photovoltaic applications on landscapes must be considered during the project
approval process. We suggest a utilization that reduces landscape impacts because the policies have
the power to shape social acceptance patterns. Additional supportive measures on urban land use
policy and energy policy should be made by the government and related authorities (for example,
photovoltaic investors, building industry associations and companies) to guide the installation of
photovoltaic systems, including: (1) appropriate financial subsidy systems for different urban land use;
(2) reduction of the cost of photovoltaic applications and increases in investment and technological
innovation; and (3) a focus on public acceptance and psychological determinants to encourage the
financing and installation of photovoltaic systems.
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Appendix A

Table Al. Factor arrays.
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