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ABSTRACT : To evaluate the impact of photovoltaic power plants on the rural landscape, thispaper, based on 

a review of relevant studies, aimed to propose a tentative index system frombothnatural and social perspectives. 

The researcherfurthermoreapplied the system to evaluating the impacts of twophotovoltaic power plants on the 

rural areas in China so as to identify the system’sstrengths and weaknesses. 
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I. INTRODUCTION 

Photovoltaic power generation has become one of the new energy sources with the greatest growth 

potential in the world. According to the forecast of the International Renewable Energy Agency (IRENA), by 

the middle of this century, the proportion of photovoltaic power generation in global power generation will 

increase from the current 3-5% to 25%, with the total installed capacity exceeding 8,000 Igawatts (GW) [1], and 

most of the large-scale photovoltaic power plants will be deployed in rural areas [2]. Compared with the other 

types of power sources, photovoltaic power generation is likely to produce non-negligible impacts on the 

environment, especially on vision and soil [3-4]. Therefore, the impact of large-scale photovoltaic power plants 

on the rural landscape deserves great attention. 

At the same time, with the growing importance attached to ecological protection, the opposition against 

constructing photovoltaic power plants in rural areas is also increasing. According to the International Union for 

Conservation of Nature, in the past 10 years, the global nature reserves have increased by 42%, and the number 

has exceeded 250,000 [5]. Many countries in Europe and Asia are speeding up the construction of nature 

reserves and national parks [6-7], putting forward clear restrictions on industrial construction affecting the 

landscape, including photovoltaics [8]. China's policy of "rural revitalization" also emphasizes the balance 

between natural landscape preservation with economic development, requiring the innovative integration of 

photovoltaics with landscape [9]. In addition, the sprawling of cities has made the public value and desire to 

preserve rural landscapes more strongly than ever. All the above indicates that construction of large-scale rural 

photovoltaics should give serious consideration to its potential effects on the natural surroundings, which has 

become a must for the sustainable development of the photovoltaic industry. 

Compared with photovoltaics in cities, the research on their rural counterparts is still inadequate. The 

present studies mainly concentrate either on the impact of new energy industries on the rural environment, 

including the visual pollution caused by the installation of large-scale photovoltaic panels [10-15], or the 

selection of proper sites so as to minimize the negative effects on the landscape [16-17]. Although certain 

methods have already been adopted in these studies to assess the impact of photovoltaic facilities on the 

environment [18-24], a comprehensive index system is yet to be established. It is also worth noting that no 

similar studies have ever been carried out within Chinese rural areas.   

 

II. LITERATURE REVIEW 
Photovoltaic power plants have an impact on rural landscapes with their particular layouts, facilities, 

resulting in visual intrusion. At present, the indicators for evaluating the impact of photovoltaics on rural 

landscapes generally involve such ones as area size, land usage, wildlife species, etc. [25-30]. The relatively 

well-known methods of assessment, among others, include the three major landscape resource management 

systems in the United States and their corresponding evaluation indicators, and the landscape inspection 

indicators created by Spanish scholar Canas. These systems have been solidly verified in practice and can be 

used as the sound bases for the development of a more comprehensive assessing index system [31-36]. 

Meanwhile, rural photovoltaic power plants are different from traditional industrial facilities. Due to 

their nature of green energy，shape and layout features, they have the potential to become distinctive human 
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landscapes. In fact, some rural photovoltaics have also served as local sightseeing attractions that possess special 

humanistic values [37-38].  

In addition, the photovoltaic power plants in the rural areas of developing countries often play a 

positive role in boosting economy, promoting employment and assisting poverty reduction. For these reasons, 

they are in the eyes of local people welcomed constructions rather than visual intrusions.  

Therefore, when developing a comprehensive index system, the potential of photovoltaics as human 

landscapes to be blended with the natural surroundings and psycho-reactions of local residents to the 

installations    should both be taken into consideration whereas these two factors have been more or less ignored 

in the previous studies.    

Specifically, a literature review has suggested the following significant indices to be included in the 

system. They can be divided into the major indicators and the supplementary indicators. The former is used for 

assessing the impact on landscape, the latter is used for evaluating social feedback.  

 

2.1 Indices for assessing the impact on landscape   

The location of a photovoltaic power station is often the very first index to consider when it comes to 

evaluating its impact on the landscape as it has the most direct bearings on the local ecology, tourism and 

humanistic values. Moreover, once the power station is installed, it will inevitably make a visual connection 

with the environment, giving rise to aesthetic judgments as to its co-existence with the natural landscape. 

However, different people may have different perceptions of the same phenomenon and exercise various 

judgments mostly due to individual psychological factors. Therefore, in general the Indices for assessing the 

impact of a photovoltaic power plant on the landscape mainly involve the above-mentioned three subtypes of 

items which are physical, aesthetic and psychological indices [39]. 

 

2.1.1 Physical index 

The physical index covers the physical attributes of a photovoltaic power plant which may exerts 

impact on the landscape [40]. It primarily consists of five variables: location of the power station, distance to the 

main road, disturbance to wildlife, size of land occupied and demographic status.  

First, the photovoltaic power plant is expected to be far away from locations with high values of 

landscape perception sensitivity. Otherwise the landscape quality will be affected. Such sites usually include 

cultural relics, scenic spots, national parks, tourist attractions, etc. Second, the distance between the power 

station and highways or popular tourist routes should also be reasonable. Because the visual intrusion caused by 

the photovoltaic panels or other facilities, especially the light pollution, has an ignorable impact on drivers and 

travelers. The third element is concerned with animals and plants which are important part of the rural 

ecological landscape. Photovoltaic power plants often occupy large areas, which inevitably disturbs the growth, 

reproduction and migration of wildlife. Fourth, there should be a cap on the size of land to be occupied. 

Although the size of land is in proportion to the productivity of a photovoltaic power plant, it should be noted at 

the same time that if the area is too large, the visual intrusion incurred will also increase considerably. Finally, 

the demographic status, including the number of residents, visitors and tourists will also determine the intensity 

of visual pollution. The photovoltaics in sparsely populated areas normally cause visual pollution to a much less 

degree than in places with dense populations. 

2.1.2 Aesthetic index 

Aesthetic index assesses the impact of photovoltaic power station from the perspective of visual aesthetics [41]. 

It mainly evaluates the shape, color, layout and the degree of harmony of the plant with its surrounding 

landscape. It also examines the extent of visual pollution in relation to scope of visibility, monotony of visual 

content, etc.  

2.1.3 Psychological index 

Psychological index is mainly used to assess the public's intuitive feelings of comfort towards the shape, color, 

and layout characteristics of the power station against the backdrop of natural landscape [42-43]. 

 

2.2 Indices for evaluating social feedback   

In addition to the impact on landscape, social feedback is another significant dimension that deserves 

serious attention. This is mainly about the extent to which the power station can offer the so-called “green 

landscape benefits”. One is concerned with economic benefits in terms of enhancing local employment 

opportunities and sustainable development. The second is the evaluation of public opinions to see whether the 

plant has gained favorable comments from the public. The third entails the policy orientation and support, 

examining the possibility of promoting the power station to become a human landscape. These indices are 

concerned with the green landscape benefits of the power station, which should be adopted alongside with those 

for assessing the impact on natural landscape.   
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Below is the diagram of the proposed index system for assessing the comprehensive impacts of a 

photovoltaic power plant from the perspectives of both natural surroundings and green benefits.  

 

DIAGRAM 1 A Comprehensive Index System for Evaluating the Overall Impact of a Rural 

Photovoltaic Power Plant 

 
 

III. CASE ANALYSIS 
The above-mentioned index system is proposed based on the literature review, it is therefore necessary 

to testify it in practice.  

The system works as follows. According to the different situations and degrees of impact on the 

landscape, each indicator is divided into four levels: severe, high, moderate, and low with corresponding values 

according to a 10-point scale: 10 means severe, 9-7 high, 6-4 moderate, and 3-1 low [44].  A quantitative 

analysis can then be made to obtain landscape values using an additive value function such as the study by 

Canas et al [45]. At the same time, the proposed system can allow for a qualitative analysis in which not only a 

specific description was made for each index but also a summary report for an overall account of the impact on 

the landscape as well as social feedback. Please refer to the following tables for details. 
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TABLE 1 Secondary Indices& Grades for Assessing Landscape Impact 

 
 

** Based on the generally considered limit distance that the human eye perceives light, etc. 
*
 Population density classes based on generally defined internationally 

** Based on the IUCN List of Threatened Species 

*** If one or more of any single indicator is assigned a value of 10, the overall sensitivity evaluation is 

high and the impact is serious 
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TABLE 2 Secondary Indices for Evaluating Social Feedback * 

 
 

* In this evaluation, the plus-point and minus-point items are listed separately, and are listed separately 

as the auxiliary points of the landscape evaluation score to examine the positive or negative situation of the 

social evaluation. 

 

TABLE 3 Overall Landscape Sensitivity Score Reference Evaluation 

 
 

To testify the feasibility of the system, the researcher adopted the method of case study, taking two 

photovoltaic power stations in China’s rural areas as examples, to illustrate the application of the indicators. 

 

3.1 Case one——Zhangjiakou Shiwanzi Power Station (SWZ-GF) 

Zhangjiakou Shiwanzi Power Station (SWZ-GF) is attached to the Zhangjiakou Wind and Solar 

Storage and Transmission Demonstration Project. The power station is located in the Bashang area where the 

North China Plain and the Inner Mongolia Plateau meet, about 280 kilometers away from Beijing and about 83 

kilometers away from the city of Zhangjiakou in Hebei Province. The landscape features the transition from 

alpine grassland to semi-desert with the well-known scenic belt "Grassland Sky Road". The first phase of the 

project covers an area of 158 hectares, generating about 40,000 kilowatts of green electricity and further 450 

hectares is expected to be covered in the future [46]. 

First, the 7 secondary indices were employed to measure the impact of SWZ-GF on the landscape. 

With regards to location, there are some scenic spots within a radius of 100 kilometers of the power 

station. One is Yuanzhongdu Archaeological Site Park, 44 kilometers away and the other Zhangbei Great Wall, 

43 kilometers away, which are both significant cultural relics. Comparatively far from these sites, the station is 

not likely to produce vision impact on them. Therefore, the item related sensitivity is low and the value is 3. As 

for the distance from the traffic, the station is 16 kilometers away from Xingba Expressway, 22 kilometers from 

the west line of "Grassland Sky Road", and 56 kilometers from the east line of "Grassland Sky Road". The 

overall sensitivity is low with the assigned score of 3. The population of the area is about 900, with the density 

below 25 people per square meter, so the sensitivity is also low and the value is 2. In terms of species 

distribution, the power station is not near the local wetlands and the main vegetation is plateau meadows and 

semi-desert plants, with no endangered species of animals and plants [47]. The relevant value is thus 2. In 

addition, the land used is wasteland but will be expanded in the future. Hence the sensitivity is moderate with a 

value of 5. 

In terms of aesthetic features, the overall layout is relatively simple in design and color, which is not 

well blended with the environment. The major visual contents include photovoltaic panels, wind power turbines 

and science exhibition halls. The overall sensitivity is high and assigned a value of 7.  

To learn about the public’s psychological feelings, a questionnaire survey was conducted among a total 

of 82 high school students, teachers and civil servants*. The results showed that 17% of respondents felt very 
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comfort, 59.8% comfort and 23.2% uncomfortable. Therefore, the sensitivity in this regard is average with a 

score of 5.  

As a whole, four of the seven indicators have low sensitivity with an added-up value of 27, which falls 

into the category of being moderate. Please refer to Table 4 below for details. 

 

TABLE4Assessment of the Landscape Sensitivity of SWZ-GF Power Station 

 
 

TABLE 5Indices for Evaluating Social Feedback of SWZ-GF Power Station 

 
 

To supplement the assessment for the impact on natural landscape, the green landscape benefits of the 

power station was also evaluated based on the social feedback indicators of the system. The annual power 

generation capacity of the power station is 670,738kWh, and the revenue in 2021 was over RMB 590,000 yuan, 

two thirds of which was returned to the villagers’ self-raised funds or paid dividends, and the rest was used for 

the infrastructure construction in the village.As part of poverty alleviation project, nearly 4,000 square meters of 

carbon sink forest was planted nearby and solar power generation equipment installed on the roofs of villagers 

for household cooking and heating. As the green power supplier for the 2022 Beijing Winter Olympics, the plant 

was favorably reported by the social media. Furthermore, the station has been planned as a green power theme 

park by Zhangbei County, which has the potential to turn into a new tourist attraction. The power station was 

also rated as one of the first group of national popular science education bases in 2021-2025 by the China 

Association for Science and Technology [48]. All in all, the social feedback is positive. 

To sum up, the comprehensive impact of the power station on the landscape is not high within a 

reasonable range. Nevertheless, the power station has high sensitivity in the aspect of aesthetic features. It is 

therefore advisable to further improve its artistic design for better visual effects. This should be given special 

attention to when planning and implementing its second phase of construction.  

 

3.2 Case two——Shilin Photovoltaic Power Station (SL-GF) 

Shilin Photovoltaic Power Station is located inShilin County, Yunnan Province, which is a typical karst 

landscape of the Yunnan-Guizhou Plateau. With the unique landscape, the county is one of the first national 

model tourism attractions. The power station is 92 kilometers away from Kunming, the capital city of Yunan 

Province, 19.1 kilometers from Shilin Scenic Park, a key national scenic spot in China, and 8.7 kilometers from 

Changhu scenic spot. The power station is also 13.6 kilometers away from ShankunExpressway. The village 

where the power station is located covers an area of 19.86 square kilometers and has a population of 29,000. 

The land used for the power station is rocky wasteland with few biological resources. The first phase of the 

power station occupies a total area of 243.3 hectares with an annual power generation capacity of 195 million 

kwh. With reference to the relevant indicators, the evaluation of the landscape sensitivity of the power station is 

illustrated through the following table. 
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TABLE6 Assessment of Landscape Sensitivity of SL-GF Power Station 

 
 

TABLE7 Indices for Evaluating Social Feedback of SL-GF Power Station 

 
 

Regarding the social feedback, Shilin County has carried out the pilot construction of photovoltaic 

poverty alleviation project. Each participating household will directly increase its income by more than 3,000 

yuan per year for up to 20 years. A new type of agricultural photovoltaics will also be explored, with crops 

being planted on the lower land of solar power photovoltaic modules, to achieve the integrated development of 

agriculture and green power generation. This will help improve the livelihood of local farmers living in rocky 

desert areas. The power station itself incurred few negative comments, but some media coverage on cutting 

down trees to clear the land for constructing photovoltaics in certain places of southwest China may have 

washback effects on the power station. Despite of this, the power station dedicates a special zone for the 

popularization of science to boost the public’s understanding of photovoltaic power generation technology, 

which demonstrates its potential to generate further social benefits. 

Based on the accumulative value of overall evaluation, Shilin Photovoltaic Power Station has a high 

degree of impact on the landscape. There is also possible tension between the future expansion of the power 

station and that of the Shilin Tourism Zone, which needs to be taken into consideration. Moreover, the sensitive 

score of its aesthetic characteristics is also relatively high, indicating that the greening and beautification of the 

venue proper should be further improved. In view of more large-scale photovoltaic power stations to be 

constructed in the province, the previous experience and lessons should be timely summarized to offer guidance 

for later site selection, designing and implementation so as to optimize the balance between the natural and 

economic landscapes. 

 

IV. IMPLICATIONS AND LIMITATIONS 
The paper tentatively put forward an index system for assessing the comprehensive impact of a 

photovoltaic power plant on the rural landscape and reported its application in two cases, based on which a few 

implications could be drawn for further considerations. 

First, spatial layout and external form are the core elements that affect the evaluation of rural 

photovoltaic power plants’ impact on the landscape. Among the seven secondary items of the above-mentioned 

index system, five of them are all closely related to the spatial layout, and the rest two to the external form. 

When it comes to the design of a photovoltaic power station, focus is always put on its generation capacity 

while its layout and shape are often subjected to being overlooked. Therefore, it is suggested that equal 

importance should also be attached to such aesthetic features and efforts be made to achieve a harmonious co-

existence between the facilities and natural surroundings. 

Second, the beautification of surroundings in and around the rural photovoltaic power station demands 

greater attention. While promoting the artistic designs of photovoltaic panels and power plants themselves, we 

need at the same time to further explore their potential to get blended with the surroundings. For instance, 

building vegetated enclosures, making use of hill slopes, sand dunes or other natural features are all possible 

means that can be tried to alleviate the visual intrusion brought about by the station. 

Third, more efforts need to be invested into the research on the evaluation of rural photovoltaics’ 

impact on the landscape. Literature review has indicated that at present the research in this field is still on the 

preliminary phase. There lack adequate empirical data of rural photovoltaics in different geographic, 

demographic, economic and cultural settings, and widely recognized assessing scales are yet to be developed. 
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Therefore both the scope and depth of research await to be expanded so as to enrich the literature on the one 

hand and strengthen the connection between research and practice on the other. So far, when examining the 

feasibility of a rural photovoltaic power station, its impact on the landscape is often ignored largely due to weak 

awareness of the public. Thus more evidence-based research findings will also help to enhance people’s 

awareness of this significant topic. Furthermore, a valid and reliable evaluation system suitable for actual needs 

is easy to be accepted by all parties concerned who can then work together on creating favorable conditions for 

constructing cost-effective, efficient and environment-friendly green power plants.   

Despite the researcher’s efforts to work out an applicable tool for measuring the impact of a 

photovoltaic power plant on the rural landscape, there is much room for improvement. For one thing, the index 

system described in the paper is mainly synthesized from the previous studies in the literature and therefore 

needs to be further consolidated with more empirical data. For another, although it has been put to use in the 

analyses of two cases in the Chinese rural areas, due to the small sample size, the research findings are not 

qualified for generalization. Therefore, the validity and reliability of this proposed evaluation scheme need to be 

further verified in more various contexts in the future. 
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