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Executive Summary

Indoor and greenhouse farming, known as
Controlled Environment Agriculture (CEA), is
a growing sector of the agricultural industry.
By operating year-round over multiple crop
cycles in tightly controlled environments, CEA
operators can increase their annual production.
However, there is little public data available on
the resource usage and efficiency opportunities
of these facilities.

For this report, Resource Innovation Institute
used its PowerScore platform to benchmark the
annual resource consumption and productivity
of 12 producers growing a variety of crops in
greenhouse and indoor facilities across the
United States. These aggregate, measured
performance benchmarks are some of the first
reported for the CEA sector.

Operations were analyzed on their productivity
per area of foliar canopy, rather than floor area,
to better define plant growing area across
greenhouses and tiered vertical CEA facilities.
Producer data is compared with relevant
third-party benchmarks from academic and
government sources.

Though facilities differed in their water use
efficiency, the highest performing producers
achieved greater than 90% water savings over
field farming. PowerScore data on energy
efficiency was consistent with published third-
party benchmarks. Vertical farming can be
energy intensive, though in some cases has an
energy consumption similar to that of many
greenhouses.
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For this report, Resource
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Introduction & Context
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Productivity & Efficiency KPIs

Optimizing input use to maximize output is gen-
erally the farmer’s goal. Within agriculture, CEA
facilities have unique energy use characteristics.
Various greenhouse and indoor facility types and
production methods lead to varying energy use
profiles.

Table 1. Productivity Key Performance Indicators

Productivity KPIs Units

Annual Crop Energy kBtu / Ib crop
Productivity (kWh / kg crop)

Annual Crop Water gal/ b crop
Productivity (L/ kg crop)

Table 2. Efficiency Key Performance Indicators

Efficiency KPIs Units

Annual Facility kBtu / ft?
Energy Efficiency (kWh / m?)
Annual Facility gal / ft2
Water Efficiency (L/m?)

Why kBtu?

PowerScore KPIs use kBtu for energy. This
is representative of all energy sources in-
cluded in the KPL. In the US kWh is often
viewed as electrical energy only. Energy
sources can include electricity, natural
gas, propane, diesel, and even wood.

To better define plant growing area across
greenhouses and tiered vertical CEA facilities,
canopy area, rather than floor area, should
be used to measure CEA facilities’ resource
efficiency, as canopy area indicates space
dedicated to the core product production.
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Canopy area is measured as the area covered
by the crop foliage. A vertical farm with six
tiers of canopy will have a canopy area of one
tier times the six stacks. A greenhouse canopy
measurement excludes the area dedicated to
aisles and walkways. The canopy area is the sum
of the green areas in Figure 1.

Figure 1. Visualization of Canopy Area of a
Greenhouse Farm (Top) and a Vertical Farm
(Bottom)

While production metrics are most important
for evaluating the value and impact of a CEA
facility, area-based measures are still important
to know and track. Buildings have been
evaluated using metrics measuring energy use
per square foot (Energy Use Intensity, EUI) across
multiple disciplines, including utilities, energy
efficiency, engineering, architecture, and HVAC.
EUIl is important information for understanding
these buildings. It helps producers building
new facilities or planning significant expansions
to access rebates and incentives for efficient
technology. It also compares facilities with
multiple crops in the same building against
single-crop facilities, for a larger reflection of the
sector.
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Figure 2. Left: Salad mix; Middle: Head of Butter Lettuce; Right: Cherry vs. Beefsteak tomato

Crop production is measured because it de-
termines the benefit a facility provides to con-
sumers. Production must be considered on a
crop-specific basis as even within one crop cate-
gory ( e.g. leafy greens or tomatoes) there can be
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significant variations in the final product sold, as
in the case of salad-ready baby greens versus a
head of butter lettuce, or cherry tomatoes versus
beefsteak varieties.
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IMAGES: (LEFT) VERTICAL HARVEST; (MIDDLE) LOCAL BOUNTI



