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Editor's Note: This is the fifth and final in a series of articles highlighting

research by the USDA-ARS Greenhouse Production Research Group.

Has Your Greenhouse
Gone Virtual?

WHAT UPDATES ARE AVAILABLE TO HELP YOU SAVE MONEY
AND DECREASE ENERGY CONSUMPTION?

By Jennifer Boldt

at image first popped into

your mind? Virtual Grower?

Or perhaps, visions of cre-

ating or updating your

company’s website, Face-

book page, Pinterest board, Instagram and Twitter
accounts, and/or other social media platforms?

Virtual Grower is a free decision-support soft-
ware program available from USDA-ARS that
allows users to build a virtual greenhouse (e.g.,
their existing greenhouse or the greenhouse of
their dreams). This software program was initially
designed to help greenhouse growers estimate
heating costs and conduct simple simulations to
figure out where heat savings could be achieved.
Features have been slowly added, and now Virtual
Grower can help assist with a suite of decision-
making scenarios. It can, in a sense, be a safety net
by allowing users to experiment with “what if” sce-
narios in a risk-free setting.

Here are just a few of the scenarios and simula-
tions that Virtual Grower can assist with:

* compare energy costs of different greenhouse
designs and materials before committing to a new
greenhouse structure,

* compare energy costs across multiple locations

* compare energy costs for various fuel sources
based on current and predicted pricing

* estimate cost savings that may be achieved by
upgrading or retrofitting an existing structure with
energy-efficient components

* make real-time predictions of energy use

* sce the impact of supplemental lighting on
plant growth and development

* assist in crop scheduling by calculating a start
date for a crop based on a target finish date

* estimate total energy costs during crop pro-
duction at different temperature set points.

Virtual Grower, initially released in 2005, was
the brainchild of Dr. Jonathan Frantz (formerly

with the USDA-ARS in Toledo, Ohio). Since then,
we have expanded and enhanced the program so
that it now is compatible with Mac and PC com-
puters, is available in three languages (English,
Spanish and French), and includes data for more
than 40 crops. Since its initial release, more than
20,000 copies have been downloaded by users in
84 countries! At present, Virtual Grower 3.0 is
our most recent version and available for down-
load from our website (www.virtualgrower.net).

CASE STUDY #l:
ESTIMATING COST

very well and has several large and small holes, due
to rips in the plastic, gaps under doorways, or
roll-up walls that do not sit snugly along the bottom
or along the corners. Estimated heating costs would be
approximately $8.07, $3.62 and $0.72 per square foot
per year in Toledo, Charlotte and Orlando, respec-
tively (Table 1). Patching the holes and sealing the side
walls so there are no longer any large holes and only
a few small holes could decrease heating costs by 15
percent. Thats a big return on a small investment

Double poly greenhouse:
many large and small holes

SAVINGS BY IMPLE-
MENTING ENERGY-
EFFICIENT DESIGN
ELEMENTS

Virtual  Grower has
wide application for green-
house managers, growers
and students. While it
will not supplant an actual
energy audit, it can pro-
vide estimates of heating
costs and the cost savings
that may be attained by
making small as well as
large changes to a green-
house. For example, con-
sider a greenhouse with
six spans (25x100 feet
each; 15,000 square feet),
located in three different
sites (Toledo, Ohio; Char-
lotte, North Carolina;
and Orlando, Florida). It
is covered with a double
poly roof and a single
layer of poly on the side
walls. It
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Figure 1. Flow chart of potential heat savings, predicted with Virtual Grower software,
which could be achieved with a double-poly covered greenhouse if a stepwise progression of
energy-efficient changes were implemented, as well as the overall reduction in heating costs

were implemented. For example, minimizing holes/gaps could

reduce heating costs by 15 percent and installing a heater could reduce costs an additional 10
percent. These percentages were averaged across three locations (see Table 1).



of time, labor, and supplies! Further decreases
in heating costs could be achieved by replacing
existing unit heaters with high efficiency heaters,
installing an energy curtain, or both (Figure 1).
Implementing all of these could reduce heating
costs by $4.10 (Toledo), $1.86 (Charlotte) or $0.38
(Orlando) per square foot per year,

on or around March 16 for both Toledo and Char-
lotte. The estimated heating costs during produc-
tion at 75/65° F are $0.18/square feet in Charlotte
and $0.35/square feet in Toledo (Table 2). Growing
them at a reduced temperature of 65/55° F will
increase the length of production to 71 days (i.e.,
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transplant on Feb. 19). Factoring in the increased
length of production, estimated total heating costs
decrease to $0.17/square feet in Charlotte, but
increase to $0.43/square feet in Toledo. A similar
example is shown in Table 2 for Wave petunia.

In addition to calculating transplant date, we have

which adds up to a 51 to 54 percent
savings in heating costs!

Likewise, picture a glass roof green-
house with bi-layer polycarbonate
siding. By eliminating holes/gaps
and installing knee walls, high effi-
ciency heaters, and an energy curtain,
heating costs could be reduced from
$5.37 to $2.30/ square feet/year in
Toledo or from $2.41 to $1.03/square
feet/year in Charlotte, a savings of 57
to 60 percent (Table 1)!

Of course, the potential reduc-
tion in heating costs will need to be
weighed against the cost of instal-
lation for any of these retrofits or
upgrades, but the payoff time could
range from less than a year to a
couple of years (or even quicker if
fuel costs increase). With Virtual
Grower as your ‘crystal ball’, you are
able to virtually create as many green-
house designs and scenarios as you
would like, compare them, and run
the energy cost calculations before
deciding whether to invest in an
upgrade/retrofit to an existing struc-
ture or building a new greenhouse.

CASE STUDY #2: WHEN
TO TRANSPLANT FOR A
TARGET FINISH DATE

Suppose you have a target finish
date for a crop and are trying to decide ’
when to transplant and what the most
cost-effective greenhouse temperature
would be. Transplant date will depend
on temperature, which influences crop
developmental rate. Growing at cooler
temperatures is more cost effective on
a daily basis but will lengthen crop
production time, which may negate
any per day cost savings because of the
longer production time. Of course,
growers will also need to consider
other factors, such as a reduction in
the number of crop turns per season
as crop time increases and fixed costs
per square foot per week, but let’s set
those aside for now.

For a finish date of May 1, pentas
grown at 75/65° F day/night in a glass
roof greenhouse (as described in case
study #1) will need to be transplanted
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groundcover roses

Drift’ Roses are

the only TRUE

groundcover roses

First, test. And test. And test some more.
Then introduce. That's what we've been
doing for over 117 years. It has served
us well, but more importantly, it has
served you and your customers well.
Make Drift® Roses a part of your
business today. Contact us for
more  information  1-800-457-1859

ROSES & PLANTS

Conard-Pyle

000®O

www.starrosesandplants.com
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Table 1. Estimated heating expenses and cost savings, predicted by
Virtual Grower software, which may be achieved by undertaking various

energy-reduction options.

YEARLY COST/SQ FT SAVINGS
T e e [t |

Double Poly

Several large and small holes $8.07

No large holes,

few small holes $6.89
High efficiency heater $6.20
Energy curtain $4.41
¢ cnergy custunl $397
Glass Roof

Nojaeeyall soralozs g5
No knee wall, few small holes $4.44
Knee wall (foam insulated) $4.21
High efficiency heater $3.79
Energy curtain $2.56
High efficiency heater $2.30

+ energy curtain

$3.62 $0.72
$3.09 $0.61 15% savings
$2.78 $0.55 Additional 10%
$1.96 $0.37 Additional 40-44%
$1.76 $0.33 Combiz;c_i‘,‘;;ditional
Total =
51-54% savings
$2.41 $0.48
$2.00 $0.40 17% savings
$1.90 $0.38 Additional 25-26%
$1.71 $0.34 Additional 10%
$1.14 $0.21 Additional 39-43%
$1.03 $0.19 Combiz:c-i:‘;;ditional
Total =

57-60% savings

The double poly greenhouse has a double layer polyethylene roof and single-layer poly sidewalls. The glass greenhouse has a
glass roof with bi-layer polycarbonate side walls. Assumptions: each greenhouse has six spans, 25x100 feet, for a total area of
15,000 square feet; heat is supplied with unit heaters and natural gas is $2/therm; temperature set points are 72° F day/65° F

night, determined by day length.

incorporated a metric of plant quality into Virtual
Grower. For example, as temperature decreases from
75165° F to 65/55° F, pentas plant quality (indicated
as plant weight) decreases. Therefore, even though
the heating cost per square foot will be slightly
lower at the Charlotte greenhouse at lower growing
temperatures, the reduction in plant size may not be
desired. On the other hand, petunia plant weight
will increase as temperature decreases, indicating
that cooler growing temperatures enhance plant
growth. However, heating costs will be slightly
increased. The balance between heating costs and
plant quality will both need to be considered when

making a final determination as to what tem-
peratures during production will be best for your
growing operation.

Looking Ahead

After a ten month
hiatus in technical sup-
port and product develop-
ment due to staff turnover,
Virtual Grower is once
again  supported by a
research scientist and IT specialist. In May we
welcomed Adam Hall to our team as our new

Virtual _
Grower
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Table 2. Estimated heating costs per crop based on crop temperature, as predicted by Virtual
Grower software. Transplant date was calculated based on a target finish date of May 1.

Temperature
(day/night; °F) Days to flower Transplant date Charlotte Toledo

Cost/sq ft Weight (oz) Cost/sq ft Weight (oz)

75/65 46 March 16 $0.18 4.64 $0.35 425
70/65 50 March 12 $0.19 459 $0.36 425
Pentas
70/60 56 March 6 $0.17 4.34 $0.36 414
65/55 71 Feb. 19 $0.17 3.87 $0.43 3.73
75/65 33 March 29 $0.10 3.94 $0.20 3.60
. 70/65 37 March 25 $0.12 4.40 $0.22 4.10
Petunia
70/60 43 March 19 $0.11 4.80 $0.24 4.4
65/55 58 March 4 $0.12 5.13 $0.28 4.90

Heating costs were estimated based on a 15,000-square-foot greenhouse with a glass roof and polycarbonate bi-layer side walls, foam insulation knee walls, an energy curtain, unit
heaters, and no supplemental lighting.
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Figure 2. Screen shot of the location page for
Virtual Grower 3.1, where users can select
a city and view the typical high and low
temperatures, daily light integral and map
for that location.

software developer. We are excited to
announce that two updates to Vir-
tual Grower will be released in the
coming year. Virtual Grower 3.1
will be an update to the current ver-
sion and will include design updates
and improvements (Figure 2). Vir-
tual Grower 4.0 will include program
enhancement and expansion. Here is
a sneak peek at some of the improve-
ments you can look forward to:

Virtual Grower 3.1:

* Improved graphics

* More than 100 new locations
added, increasing the total to 930
locations

* Additional plant species added

* Behind the scenes improvements,
which means that it will run faster
and process outputs more quickly

Virtual Grower 4.0:
* All the improvements from Vir-
tual Grower 3.1, plus
* Built-in language option: Eng-
lish, Spanish and French will be
available in the same download.
Language will be selectable in the
options tab, just like units. This
will allow users to create green-
houses and run simulations in one
language, then instantaneously
switch to another language, if
needed, in order to share it with
a colleague or supervisor. Addi-
tional languages may be added in
the future.
* Expansion of the lighting options
tab to include LEDs.
* Expansion
metrics.
* Addition of plant growth models.

of plant quality

We Want to Hear from You

Our goal is for Virtual Grower to be as useful and user-
friendly as possible. Many of the improvements in ear-
lier versions came from feedback from users. We want to
hear from you — please, tell us what you like or don’t
like about it, features that you think are missing, or sug-
gestions for what should be added. You can contact us at
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VirtualGrower@ars.usda.gov with comments, questions

and feedback.

Jennifer Boldt is a Research Horticulturist with the
USDA-ARS, Greenhouse Production Research Group,
in Toledo, Ohio. She can be reached at Jennifer.
Boldt@ars.usda.gov.
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