AgriVoltaics2024E R R D E
202458H20H

CDEXREFIDMOFEMIZTEEAMKRIEES DR ER T TOET

& THE WORLD CONFERENCE

Japan Solar Sharing

S & senewED) Federati Y 4 / V lt
U ISeP i anenn (Y T AN 2 oltaics?
-/ HEEE Power - June 11-13 Denvg

2EIYMTRLF R




HRICLPSBDY) —F7—x2T VT

165W TS0 RGN 20W IO O0W TS C60W AW B0W s W " gl 30° 45° 60° 7 o 105°E 120°E 1S'E ISI°E.I6S°E
€0°0 ‘:_%y;. ok e i S s 3 ' £ ! : : : 3 : 4%
AR e g ¢ T e RS e e T i e 45°N
30°N 30°N
15°N 15°N
—_ g
168 5°S
*
30°S 4%
. | [ * Btz 181 E) i
45°S : = ; 5%
. ok L+ @ (7ThE) s B
: . : - Solar resource data: Solargis
Long-term average of global horizontal irradiation (GHI)
Daily totals: 2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0 5.4 5.8 6.2 6.6 7.0 7.4
L © I B e KWh/m*
Yearly totals: 803 949 1095 1241 1387 1534 1680 1826 1972 2118 2264 2410 2556 2702

H #: Map obtained from the “Global Solar Atlas 2.0, a free, web-based application is developed and operated by the company Solargis s.r.o. on behalf of the World Bank Group, utilizing
Solargis data, with funding provided by the Energy Sector Management Assistance Program (ESMAP). For additional information: https://globalsolaratlas.info 2
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Jack’s Solar Garden
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Experiment Location at Jack’s Solar Garden
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Jack's Solar Garden Overview of Partners

Zone 1: Production Farm: Multiple acres of vegetable
crop production for distribution in the community

Zone 2: Pollinator Habitat Test Plot: Irrigation Trials;
Soil Moisture and Microclimate instrumentation

Zone 3: Ecosystem Services Test Plot: Irrigation
Trials; Soil Moisture and Microclimate instrumentation

Zone 4: Crop Test Plot: Irrigation Trials; Crop Trials; Soil
Moisture and Microclimate instrumentation

Zone 5: Grassland Ecology and Physiology: Plant
Production and Physiology; Microclimate instrumentation;

Zone 6: Grassland and Nutrient Cycling Test Plot: Soil
and Microclimate instrumentation; Vegetation Productivity

Zone 7: Educational Area: Tours, education and
outreach events
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* Macknick, J., et al., The 5 Cs of agrivoltaic success factors in the United States: Lessons from the InSPIRE research study.
2022, National Renewable Energy Lab. (NREL), Golden, CO (United States). 10
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The MUUSEculture Garden: a Multi Urban Use of Solar Energy
Culture Garden to provide food, electricity, and a retreat for
low-income communities
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Timber PV canopy for soybean production
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A ERA L. Bookcliff FarmDERIZEHA KB IR E R T
INE'F

Leveraging Digital Twin modeling, Genomic Optimization, and
Agronomic Expertise to Design an Agrivoltaic System for

Bookcliff Farm
12



The MUUSEculture Garden: a Multi Urban Use of Solar Energy Culture Garden
to provide food, electricity, and a retreat for low-income communities.
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Agro-Bio Tech

Timber PV canopy
for soybean production

AgriVoltaics 2024 Student Design Competition
Dartevelle Joran, Bouvry Arnaud, Bruhwyler Roxane, Dardenne Benjamin

joran.dartevelle@student.uliege.be, abouvry@uliege.be, roxane.bruhwyler@uliege.be, benjamin.dardenne@uclouvain.be

Five Rivers Cattle Feeding in Weld County, Colorado, is committed to corporate social responsibility in the
communities in which it operates. It is also committed to ensuring the sustainability of its operations by
limiting its impact on the environment. Five Rivers Cattle Feeding’s Kuner Feedlot has 525 acres of
farmland adjacent to its industrial operation (Feeding). With the aim of becoming a driver of change, the
board decided to use this land as a demonstration site for the environmental and economic viability of
innovative solutions developed and promoted by local initiatives. The high energy requirements of the
production site, combined with the large amount of transport involved in its activities, seemed to offer
an opportunity for local energy recovery.

An agrivoltaic project would therefore be of great added value to this feedlot, for which the supply of
both food and electricity is essential. The project consists of a photovoltaic canopy using cables o
support the PV panels and wood log columns to raise the whole installation above an agricultural
parcel. With an azimuth of 80°, the installation can produce 53,000 MWh per year, with the shades spaced
to achieve a coverage rate of 15%. In addition, to mitigate the impact of the photovoltaic system on
incident radiation and plant growth, lenticular light diffusers are placed between the panels to distribute
the radiation more evenly and reduce the influence of alternating light and shade.

Energy needs

Use of energy [MWh]

@ Kersey @ Internal energyrequirement

Catse anspnt

Vehicle charging

Crargng etaton

‘Waste manag, _ wawrmanspor

Feed delvery.

The size of the power plant has been chosen considering
the energy needed for the feedlot to operate on its own,
the energy required to transport cattle to the abattoir
and the electricity needed by the people of Kersey, the
closest town.

Feed processing

PV plant layout in Colorado Landscape
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Take Home Messages

* Optimization study valid for several projects

* AgriPV reduces watering needs by 50%

* Cropyield reduced by 30%. Solution: lenticular diffusers
* Green electricity production: 53,000 MWh/year

* Timber logs are relevant for PV structures
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Studies and results

Agricultural production
It shows a reduction in crop yield of around 30% on average. However, this
reduction is overestimated as we were unable to take into account the
influence of lenticular diffusers (Even-Lighting) in the STICS crop model. It
has been shown that diffusers significantly help to avoid too much crop
yield reduction.
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Leveraging Digital Twin modeling, Genomic Optimization, and Agronomic Expertise to
Design an Agrivoltaic System for Bookcliff Farm

Purpose Statement

We propose a 2.3 MW, 9 acre solar system co-locatedwith a 10 acre commercial
Butterhead Lettuce operation located at 3335 E 1/4 Road Clifton, CO81520. Our system
design is tailored to Bookcliff Farm’s vision. To seale our project design across

geographies, we built the following design tool over the past 2 years: GIS analysis for

site selection that can be leveraged evaluate agrivoltaic viability a-priori anywhere in the
U.S., and a digital twin agrivoltaics model coupled with genomic optimization to select
the agrivoltaicsystem design that maximizes revenue based on any farmer, developer,
and climatic inputs anywhere in the world.

Our Approach

To optimize Bookcliff's system, we utilized Fundusol’s proprietary softwareto
simulate and select the most effective designs. Our model calculatesthe
photosyntheticallyactive radiation (PAR) available to crops using a shadowing
model and uses a computational fluid dynamics (CFD) model to simulate the
microclimate's temperature. Additional factors such as wind, humidity, and CO2
concentrationare also incorporated into a field-scale biomass model to
calculatethe effects of the altered temperature and PAR on crop growth and
necessary irrigation. We also simulate solar output, taking into account the
cooling from crop evapotranspiration, using NREL's pvWatts software.
‘Comparing solar output, biomass, and cost allows us to determine the most
profitable configurations through genomic optimization.

sl

Project finance

Y E

Photovoltaics

Developer priorities

® Optimal System
Agricultural Priorities "
Light

* Maximize ROl

o m « Maximize crop yield
. irigation costs
\ Biomass /

The best-performing system had a ground coverage ratio (GCR)
of 0.3 (10.8 meters from post to post), an azimuth of 90° (East-
West tracking), and a panel height of 2 m.

Modeling

— wnarspen —

it /// L —
i p -
i =
i, P . /
- 1=
S w P P P @ @

Lettuce Biomass for Sample 2023 Growing Season Irrigation Budget for Sample 2023 Growing Season

Michael Bendok

d University & Fundusol (https://fundusol.com)

Site Analysis

o x

€ Mean Temp.for 2023 Growing Season (Ar. 20-0ct. 18)

@ Moan Rainfalfor 2023 Growing Season (. 20-Oct. 18)

site analysis for agrivoltaic systems generally encompasses two primary considerations:
1. Solar Production: Assesses solar irradiance levels and proximity to electrical
grid infrastructure.
2. Agrieultural Production: Evaluates climatic conditions, soil type, and water conservation
needs.
Our analysis evaluated three counties to determine the best site based on geographicaland
climatis ditions. We aimed to identify the location with the lowest operating and col uction
costs, highest profitability, and greatest benefits to the environment and local community.

The Bookeliff Community Solar Garden offers several advantages: it experiences lower

annual precipitationand higher av: temperatures compared to Weld and Denver
Metropolitan Counties, which enhances the agrivoltaic microclimate effect by reducing water use
and heat stress. The soil at Bookeliff is primarily shale, a fine-grained sedimentary rock, suitable
for both agriculture and construction, with a terrain featuring minimal slope (below 1% on
average), ideal for effective drainageand ease of construction. The site’s proximity to an
electrical substation (about cne quarter of amile away) facilitatesan easier connection to the
grid, optimizing the solar production component of the project.

Crop Analysis
Organic Butterhead Lettuce (Red Cross Variety)

ST T . 00, [T

Crop Selection

We selected the Red Cross variety of Organic
Butterhead Lettuce due to its climatic resilience,

thriving in temperaturesup to 85°F. This variety
is chosen for its heat tolerance against diseases.

Vegetation Management

Our agrivoltaic projectincorporates no-till soil preparation, utilizing living microbial
compostfrom Terraforma Soil to enhance soil health, and employs a cover
crop strategy with Crimson Clover to maintain soil fertility. During the growingseason,

Butterhead Lettuce is watered every three days via drip irrigation, ensuring optimal
growth with minimal water. In peak summer, irrigation will move to a daily

watering schedule. Post-harvest, the lettuce is stored at 35-40°F with high humidity,
which extends freshness for 14-20 days.

Butterhead Lettuce will be sold to local supermarketsas organic, freshly
harvested produce, and to District 51 schools.

Outcomes

This schematicillustrates the 10-acre agrivoltaic array

at Bookcliff Farm. We plan to have a one-acre
experimental agrivoltaics plot in collaboration with
students and faculty from Colorado Mesa University. The
crops produced by these researchers will ultimately be
donated to a local food bank or sold as a part CSA program
targetedat LMI households in Mesa County. This plotis
situated directly next to the staging area to maximize ease
of access for the researchersand CSA members. We will
also host pollinators to facilitate the farm’s

biodiversity. On the crop side, we will split in half the
harvested produce from the diversely planted one acre
research plot. % of harvest will be donated to the local
Salvation Armyfood bank, while the other % will be sold
through our CSA program. The 15 discounted shares will
sell for $300 while the remaining 10 will be $400, for a
total of $8,500. The value of the CSA extends beyond the
incomeit brings in, as offering the discountedshares
provides for our target customersin the LMI community
affordable, fresh, and healthy produce.

The remaining 9 acres will produce approximately 86,400~
108,000 heads (3,600-4,500 crates) of Butterhead Lettuce
over the courseof the 25 week growing season, worth
$82,800-5103,500 using today’s wholesale prices.

The total lettuce biomass accumulation comes out to 9.95 tons per acre, while the final
necessary irrigation was 3.09 feet per acre. Our solar array will produce 3.284 GWh per
year and sell energy to 400-500 homes through Xcel energy’s community solar program.

Learn more at

fundusol.com
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