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Abstract 
 
With the threats of climate change, food insecurity, water shortages, along with the need for 
renewable sources of energy, it is becoming increasingly important to review any type of 
development project and look at the ways in which we can solve or alleviate multiple problems 
at the same time. Pairing solar fields with agricultural production offers a way to do just that, 
creating a sustainable relationship between two systems that have typically been in conflict with 
one another over land. This paper investigates the relationship between solar and agriculture by 
reviewing a large utility scale solar project in China that is also home to a goji berry plantation 
underneath it’s solar panels. A cost benefit analysis was completed to offer a quantitative 
comparison between solar sites with and without agriculture while also detailing the technical 
adjustments that are needed to make solar arrays hospitable to various types of agriculture.  
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Introduction 
 

Solar agriculture (also called agrophotovoltaics or dual-use farming) offers a more efficient use 

of both land and materials and can help farmers, solar developers, and entire regions see multiple 

benefits from combining solar power and agriculture. Solar panels can help offset energy bills 

and reduce fossil fuel emissions related to agricultural production, and can even increase 

production yields while adding another source of revenue for farmers (the ability to sell both 

energy and agricultural products) (Kennedy, 2020). This paper looks explicitly at a project in 

China; the Baofeng Group expansion of an existing 640 MW, grid connected solar field into a 1 

GW capacity solar field that also hosts a goji berry plantation underneath it’s panels. To state in a 

different way, an existing and operational solar project has been expanded and agricultural 

features (a goji berry plantation) are an addition to the site. The project is on the eastern banks of 

the Yellow River in the Ningxia Province in China and will be one of the largest solar agriculture 

projects in the world.  

This type of solar development is incredibly important to understand since one of the main 

complaints against solar is that it takes away good farmable land. If solar projects can continue to 

work together with agricultural production, we can see many sustainable improvements to our 

food production systems, energy production, water usage, and land use management. The 

sustainable combination of solar agriculture offers multiple benefits. Monitoring in Germany 

suggested that agrophotovoltaics increased farm productivity by 160% when compared to a farm 

that was not dual use (Kennedy, 2020). In addition to productivity increases, growth seasons can 

be extended (providing additional warmth in winter and cooler climates in summer) and a study 

from India showed that crops could offer yields 40% higher due to reduced evaporation and extra 
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shading provided by panels (Kennedy, 2020). Farmers and land owners can also benefit from 

financial relief that land-lease agreements provide (Sylvia, 2002). 

To keep up with this rising demand, it is estimated that global agricultural production will have 

to increase by at least 60% and possibly up to 100% until 2050 (Godfray et al. 2010). This is a 

major challenge facing the world because land, water, and other natural resources are becoming 

increasingly scarce. Furthermore, the input-intensive agricultural production systems observed in 

many parts of the world are responsible for—or at least contribute to—major environmental 

problems, such as land degradation, biodiversity loss, water pollution, and climate change (Foley 

et al. 2011). Large scale agriculture may need to become a thing of the past and pairing smaller 

scale, more localized agriculture with solar energy may prove to be a much-needed solution in a 

world where resource conservation continues to be emphasized. 

While the specific Baofeng Ranch project in China is a home for goji berries, many other fruits 

and vegetables have been shown to grow in and around solar arrays. Animal agriculture and 

pollinator habitats are also dual uses that can increase the productivity of solar arrays. While 

cows may be a bit too large to graze around solar arrays, sheep or goats are an ideal size and can 

also help to keep the vegetation in check under solar arrays. Many solar fields are installing 

plants and structures that encourage pollinators as well which offer additional benefits to 

farmers. Understanding how agriculture and solar can work together offers new ways of 

understanding localized food and energy systems that build self-sufficiency, connection to land, 

and independence. Farmers can use solar to make their land more productive, perhaps putting 

solar on their least productive soils and organizing other plantings around and within those areas 

(Kennedy, 2020). 
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The Baofeng Ranch project being focused on in this paper is located within a 107-square 

kilometer area of desertified land that was vegetated with alfalfa to improve soil conditions. 

After growth had begun and soil conditions improved, the alfalfa was then removed and goji 

berries were planted. Lastly, a solar filed was built over the goji berry plantation; the project is 

made up of 13,000 Huawei smart string inverters and over 2,000,000 solar panels (Bellini, 2020). 

The actual footprint of the solar site is about 20 square kilometers or 4,942 acres within the 107-

square kilometer tract of land. Once the project is complete, it will reduce CO2 emissions by 

1.695 million tons, SO2 by 51,000 tons, NOx by 26,000 tons, and 462,000 tons of dust each year 

(Mi, 2020). Overall, this paper aims to explore and explain all the interconnected ways that solar 

and agriculture can work together to create a deeply sustainable dual-use site. It will also offer a 

quantitative comparison between solar sites with and without agriculture while also detailing the 

technical adjustments that are needed to make solar arrays hospitable to various types of 

agriculture.  

Literature Review 
 
The beneficial evidence for combining agriculture and photovoltaics continues to grow as the 

solar market continues develops in turn. One research study that was reviewed looked at solar’s 

impact on soil moisture, micrometeorology, and water-use efficiency by studying changes over 

time across a six acre agrivoltaic solar farm on the Oregon State University (OSU) campus. This 

study was done on a fairly small scale and looks mostly at the microclimates of soil directly 

under solar panels but there is also evidence that shows large utility scale solar projects can have 

impacts on their larger climates as well. For this section, the focus will be on this smaller scale 

climate but will later show how the Baofeng Ranch project altered the larger climate of its area.  
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The OSU study collected soil moisture profiles three times a week and biomass samples were 

collected at the end of the observation period; data was collected at different heights along the 

solar panels (at 0.5, 1.2, 2.0, and 2.7 meters aboveground) under the solar panels (Adeh et al, 

2018). Overall, the study showed that there were “significant differences in mean relative 

humidity and wind speed were found for all measurement heights” (Adeh et al, 2018). The solar 

radiation below the solar panels was also greatly reduced which would make sense as the 

purpose of solar panels is to collect solar radiation (Adeh et al, 2018). The study suggests that 

solar panels do encourage growth of certain agricultural products by increasing shading thus 

reducing water loss to evaporation. This changes the microclimate below solar panels to be 

typically lower in temperature, higher in water efficiency, and more productive (given the type of 

plant of course). The study also suggests that shading impacts are not only important to study for 

solar site design but also agricultural purposes; shading over agricultural land should strive to be 

as uniform as possible to improve efficiency; “not all agricultural crops are suitable, but plants 

with less root density and a high net photosynthetic rate are ideal candidates” for use under solar 

arrays (Adeh et al, 2018).  

This study proved to be impactful in highlighting just how important engineering and design are 

in order to take full advantage of the benefits solar has for agriculture. As the world becomes 

more and more impacted by climate change, the colliding issues of water, food, and energy will 

continue to twist together and become ever more complicated. Agrophotovoltaics may hold a key 

solution to understanding those relationships and moving forward with water, food, and energy 

all tied together in a sustainable way. Another study found that “PV panels provides multiple 

additive and synergistic benefits, including reduced plant drought stress, greater food production 

and reduced PV panel heat stress” (Barron, 2019).  
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Again, because solar panels are able to reduce water loss from evaporation, solar sites may help 

farmers to conserve water and at the same time, the plants underneath solar panels can help keep 

the panels cooler, putting less stress on those materials and possibly prolonging the lifespan of 

solar panels; a symbiotic and sustainable relationship. Solar panels are even be able to improve 

soil conditions for drier areas that may have previously not been ideal for farming; broadening 

the land available for food production. The topic of solar agriculture may be vital to improving 

sustainable food production which could also improve food scarcity issues while also improving 

and growing our deeply needed renewable energy market. By combing solar and agriculture, we 

see a way to not only stop having solar and agriculture competing for the same resource (land) 

but working together and creating mutual benefits and reducing land usage. The figure below is 

from the Barron study which reviewed and highlights all the ways in which solar, food, water, 

and soil interact and this delicate relationship.  
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Image source: Barron, et. al, 2019 

Methodology  
 
Now that the benefits of combining solar and agricultural production have been highlighted, this 

paper again focuses in on the Baofeng Ranch solar project in China. A cost/benefit analysis was 

completed based on the fact that the solar panels on this site were installed at a height of 2.9 

meters (9.5 feet) to accommodate the Goji berry plantation underneath it; this is higher than 

typical solar sites so it was assumed that there were likely significant cost increases for the steel 

piles used throughout the site. From my work in the solar industry, a pile height from ground 
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level to tracker is around 4.5’ with a typical embedment depth of 7.5’. It was investigated how 

much the additional steel, time, and engineering costs to make the solar site friendly to Goji 

berries was offset by the Goji berries themselves, both as a marketable product and from their 

impact in restoring a highly desertified area into a green, productive agricultural site.  

Based on the number of solar panels on site, an estimate of steel piles that were used can be 

obtained and compared to a more typical pile height. This will provide the additional cost of the 

site that is directly tied to it being agriculturally productive. The solar company Huawei has also 

stated that the site has effectively reduced “land moisture evaporation by between 30 and 40%” 

and that the "vegetation coverage has purportedly increased by 85%” which provides us with a 

way to quantify the agricultural benefits provided by the 107-square kilometer site and compare 

them to what the site may have looked like if there weren’t Goji berries planted throughout the 

site. This comparison will show the costs and benefits associated with the huge solar site and its 

corresponding agricultural production. The image below shows the vastness of the solar site on 

the left and what the desertified area looked like in 2014 before it was developed. 

 
Image source: Weiduo, 2021 
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Assumptions 

Some assumptions were made given that technical data was difficult to find for the Chinese 

project. The assumptions are mostly based on research, discussion with experts in the solar 

industry (including a structural engineer from the firm EVS, Inc.) and reports from the 

manufacturing company Huawei. These assumptions include: 

 

1. The number of piles for this analysis are only estimated based off of the number of solar 

panels. This estimation does not include any additional piles used for other on site 

equipment such as inverters, combiner boxes, or any type of CAB system. 

2. Based on the number of solar panels (approximately 2,000,000) and from observation of 

site photos, one pile per panel was assumed giving an estimate of 2,000,000 piles used on 

site. 

3. A typical pile size for steel piles used on solar sites is a W6x12 section which has an area 

of 3.55 in2. This size will be used to estimate both the typical and Baofeng Ranch steel 

costs and is based on information from James Stanely, P.E of EVS, Inc.  

4. From the Coyote Steel & Co. handbook, a typical weight for a W6 steel beam is 12.5 

pounds per foot.  

5. A cost of $2.25 per pound of galvanized steel was used to estimate pile cost; estimated by 

James Stanely, P.E. of EVS, Inc. 

6. Based on technical experience in the solar workforce, a typical pile height of 12’ (4.5’ 

reveal + 7.5’ embedment) will be used for comparison. 

7. The embedment depth for the piles used on site at Baofeng Ranch is assumed to be the 

same ratio for typical piles (4.5’/7.5’ = 0.6) so given the reveal height of 2.9 meters 
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(9.5’), the embedment depth would be 15.83’ and the total length of piles for the Baofeng 

Ranch project would be 25.33’.  

8. A cost $20 per pound of Goji berries was used along with the typical production of Goji 

berries offering an annual yield of 7,000 pounds per acre (Barth, 2017). Based off this 

107-square kilometer site and approximately 20 square kilometers or 4,942 acres of 

actual goji berries, a total annual yield of 34,594,000 pounds was estimated for a profit of 

about 691,880,000 USD.  

9. To get a general sense of the additional cost of a project of this scale, data from Wood 

Mackenzie’s U.S. Solar PV System Price report was utilized. This report suggested that 

the “average 100-megawatt utility-scale system costs in 2020 are $0.94/W” (Cox, 2020). 

This number includes costs from modules, permitting, taxes, labor, logistics, overhead, 

engineering design fees and a few others (Cox, 2020). The image below summarizes 

these costs and future projections for solar projects. Based on the average cost of 

$0.94/W and assuming a site with a 1 GW capacity like the Baofeng Ranch project would 

be slightly cheaper (assuming module costs may decrease based on bulk orders), an 

average cost of $0.90/W was used for this project. Giving an additional project cost of 

$900,000,000.00 for both with and without goji berries. This cost was estimated to use as 

a check to understand the numbers being calculated for the steel costs.  
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Image source: Cox, 2020 

10. Huawei, the inverter company producing the equipment for this project estimated that the 

Baofeng Ranch solar park has generated 3.88 billion KWh of electricity as of July 31, 

2020. Based on this and LevelTen Energy’s P25 index in quarter 4 of 2019, solar power 

traded at $27.40 per MWh (SolarReviews, 2020). This offers a total profit (as of July 31, 

2021) of about $106,312,000.00.  

 

Some additional information that was not considered in this analysis but that may still be 

important to mention for context of just how big this project is, is that this project offers 

employment to about 80,000 people in the area. It is also estimated that 2.047 million tons of 

CO2 emission reductions were achieved (when compared to a traditional coal power station) 

which is equivalent to planting almost 89 million trees (Weido, 2021). It was also estimated that 

the farmers at the Baofeng Ranch saw an increased income of approximately 40,000 yuan or 

$6,132.20 annually, greatly improving the lives of individuals in this region (Weido, 2021). 
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Results 
 
The full results are given in the table below along with an abbreviated list of assumptions that 

correspond to each of the calculations. This was done with the intention of offering the reader a 

way to see what assumptions are tied to which costs or benefits. 

 

Image source: Hayashida, 2021 

As to be expected, because the steel length used on the Baofeng Ranch project is almost double 

that of a typical solar project, the cost of steel is approximately double as well; 2.1 times to be 

exact. With the steel lengths, likely being the main difference between the Baofeng Ranch 

project and other solar sites, the increased revenue source from the Goji berry plantation is the 

other major difference to review. Based on the assumptions previously stated, we see that goji 

berry income, in one year alone come very close to the total cost of the project. Even if the goji 

berries were not actually grown over the entire 20 square kilometer solar site, the production of 

goji berries would continue to cover the additional cost of the steel required to even have the 

plants underneath the solar panels.  
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Limitations 

The main limitations of this project include the amount of assumptions that had to be made in 

order to produce an analysis. Since the project is based in China and involves relatively newer 

technology (smart tracking systems from Huwaei) it was difficult to find relative technical data 

that may have improved the analysis of this paper. Since the smart tracking system was used, it 

seems that much of the site data may be proprietary at this point in time. The main piece of 

information that would have been helpful to find was an actual pile length that included the 

typical embedment depth rather than just having access to the reveal height of 2.9 meters. 

Another technical piece of information that would have been helpful to find was the exact 

amount of piles that were used per solar panel and the exact number of solar panels. Without 

access to those pieces of information, assumptions had to be made as well about the number of 

piles on site and were informed by photos of the site.  

Another piece of information that was difficult to find was how much of the site was also a goji 

berry plantation. From background research and again, photos, it was assumed that the entire site 

area where there were panels was also utilized for goji berries. If this assumption was incorrect, 

then the profit estimated from the goji berries would decrease. Even if this were true, the profit 

made by the goji berries was much higher than anticipated so any reduction in that amount would 

likely still make the decision to pair goji berries and this solar field a profitable one. The last 

major limitation was that the prices used to estimate the profit from goji berries were mostly in 

US dollars; the price may be much different in China which would change that overall outcome 

as well.  

Conclusion 
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The results of this analysis confirmed that combing solar and agriculture is highly beneficial both 

to solar developers, farmers, and entire communities and ecosystems. While the Baofeng Ranch 

project is huge, a 1 GW solar field is an enormous size even for a utility scale solar project, what 

makes it interesting is that it is not only a solar site but also a consistent source of revenue and 

work for the individuals that live in the area. Solar fields that are also agricultural fields offer 

another way to think about food, water, energy, and even labor in a more sustainable way. It 

offers the chance to introduce individuals into the energy production system and could also 

increase awareness and advocacy for renewable projects as more individuals are able to get 

involved in the production and management of the site, even if it’s not in a direct way (i.e. 

through farming on the site).  

Again, referencing the size of this specific project, if all utility scale solar projects were able to 

take advantage of agricultural production as well harnessing energy, these sites would be 

increasingly more sustainable. At the moment, solar still has the development issue of trying to 

find cheap land to build upon. That means some solar sites might not be ideal for solar thus 

needing a good deal of civil engineering/site work. Whether they’re on highly silty desertified 

soil or in the middle of a forest, surrounded by wetlands, dual use of land would help improve 

the general soil and climate conditions of these areas and would likely be more motivating to 

work on. Knowing there was the opportunity to improve not only our current energy system but 

the food system as well. Overall, pairing solar and agriculture has many benefits and those 

benefits most likely outweigh associated costs, suggesting this may be an area that needs more 

investment and research.  

  



 15 

References 
 
Adeh, Elnaz Hassanpour, John Selker, Chad Higgins. November 1, 2018. Remarkable agrivoltaic 

influence on soil moisture micrometeorology and water-use efficiency. 
https://doi.org/10.1371/journal.pone.0203256 

 
Barth, Brian. July 17, 2017. 5 of the Most Valuable Crops You Can Grow in the US & How to 

Grow Them. https://modernfarmer.com/2017/07/5-valuable-crops-can-grow-us-
grow/#:~:text=Dried%20organic%20goji%20berries%20regularly,cash%20crop%20for%20
American%20farmers. 

 
Barron-Gafford, Greg, Mitchell Pavao-Zuckerman, Rebecca Minor, Leland Sutter, Isaiah 

Barnett-Moreno, Daniel Blackett, Moses Thompson, Kirk Dimond, Andrea Gerlak, Gary 
Nabhan, Jordan Macknick. September 2019. Agrivoltaics provide mutual benefits across the 
food–energy–water nexus in drylands. Nature Sustainability. 2. 10.1038/s41893-019-0364-5. 
https://www.researchgate.net/publication/335583033_Agrivoltaics_provide_mutual_benefits
_across_the_food-energy-water_nexus_in_drylands 

 
Bellini, Emiliano. September 3, 2020. Giant agrivoltaic project in China. https://www.pv-

magazine.com/2020/09/03/giant-agrivoltaic-project-in-china/ 
 
Cox, Molly. December 17, 2020. Key 2020 US Solar PV Cost Trends and a Look Ahead. 

https://www.greentechmedia.com/articles/read/key-2020-us-solar-pv-cost-trends-and-a-look-
ahead#:~:text=According%20to%20Wood%20Mackenzie's%20recently,watt%20figures%20
shown%20are%20DC). 

 
Godfray, Charles, Ian Crute, Lawrence Haddad, David Lawrence, James Muir, Nicholas Nisbett, 

Jules Pretty, Sherman Robinson, Camilla Toulmin, Rosalind Whiteley. September 27, 2010. 
The future of the global food system. https://doi.org/10.1098/rstb.2010.0180 

 
Kennedy, Ed. June 25, 2020. Can Solar Agriculture Save the Modern Farming Industry? 

https://solarmagazine.com/can-solar-agriculture-save-the-modern-farming-industry/ 
 
Mi, Kyra. September 1, 2020. Smart PV: Breathing Life into a Desert Landscape. 

https://blog.huawei.com/2020/09/01/smart-pv-breathing-life-into-a-desert-landscape/ 
 
SolarReviews. December 8, 2020. What is a solar farm? Costs, land, needs & more. 

https://www.solarreviews.com/blog/what-is-a-solar-farm-do-i-need-one#income 
 
Sylvia, Tim. February 20, 2020. Solar development on farms can save farmers and farmland. 

https://pv-magazine-usa.com/2020/02/20/solar-development-on-farms-can-save-farmers-and-
farmland/ 

 
Weiduo, Shen. March 24, 2012. Solar park turn desert to ‘ocean’ in Ningxia, boot China’s final 

push to alleviate poverty. https://www.globaltimes.cn/page/202103/1219340.shtml 
 


