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In order to develop a better real-world understanding of the true costs and potential
savings of different energy conservation technologies, a detailed study of multiple
commercial greenhouse facilities was performed. To do this, energy audits were
performed at 22 greenhouse facilities in the Niagara and Leamington Areas (Cana-
da) between mid-March and mid-May 2006. These facilities consisted of:

m  Six tomato growers.
Two pepper growers.
Five potted plants.
Two cut flowers.
Three bedding plants.

m  Four bedding and potted flowers.

A comprehensive energy auditing program was developed based on our experi-
ences with these audited facilities and others. The auditing program is set-up to ac-
commodate four different levels of participation (with different cost commitments).
The figure below (Fig. 1) illustrates the different levels of participation.

Level 1. This is a web-based self-performed benchmarking study that allows mul-
tiple users from a wide area to benchmark themselves against other similar facili-
ties based on a limited number of parameters. This program level gives good overall
information to benchmark your operations versus peers at a very low cost. Sign
up at the Ag Energy Cooperative. Call 519-763-3026 or email Lynda Twomey at
<ltwomey@agenergy.ca>.

Level 2. This is a basic energy audit that will provide more detailed operating data
and technology summaries for comparison purposes. This level of participation will
allow a greater level of “drilled down” in the benchmarking. It gives excellent infor-
mation for comparison of the actual energy usage impact of installed technologies.

Level 3. The Level 3 participants receive the basic energy audit plus an energy
balance model of the greenhouse. The data collected and the energy balance model
allows participants to analyze each zone in the greenhouse to compare the cumula-
tive and incremental effect of technologies.

Level 4. This is the ultimate level of participation. It involves installation of en-
ergy flow monitoring equipment that will provide a greater level of accuracy and
detail in the model, plus real-time tracking of the actual energy entering each
zone in the greenhouse, and real-time assessment of the actual effect of each
new or existing technology in each zone and what weather/operating conditions
make them cost effective.

The 22 demonstration greenhouse facilities participated at the Level 3 and Level
4 audits. Intensive Level 4 audits were completed on four of the facilities and sim-
pler Level 3 audits were performed at the remaining 18 facilities. The greenhouse
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Level 4
EFIN

(Modeling Audit Plus)

+ Install Temp. & Flow Sensors

+ Data Logging

Level 3
Modeling Audit
(Basic Audit Plus)
+ Greenhouse Envelop Analysis
+ Energy Flow Modeling

Level 2
Basic Audit
(Benchmarking Plus)

Figure 1. Illustration of the different levels of participation.

energy audits performed on these 22 facilities showed that the average energy used
by the facilities was:

m  20.5 kWhr/m?/year of electricity

m 1.6 GJ/m?year of heating fuel (43 m*/m?%year of natural gas, or

38 L/m?/year of oil, or 0.12 tonnes/m?/year of biomass)
Using the benchmarking data we are able to drill down and make more specific

energy usage comparisons based on crop type, geographical location, greenhouse
configuration, greenhouse age, and dozens of other criteria.

DETERMINING THE REAL COSTS AND SAVINGS
It is no surprise that the identified range of potential energy savings is quite large.
This is due to the fact that the actual savings to be realized by a given facility de-
pends on the physical configuration of the facility, their production practices, and
the number and types of other energy reduction technologies already employed by
the facility. It is this very uncertainty that plagues and confuses most, if not all,
growers. This program was specifically designed to allow a multifaceted and third
party assessment of the potential costs savings of energy conservation equipment.

The first and most basic way to assess the effectiveness is via basic benchmark-
ing between facilities. Once the database has enough facilities in it, it will be quite
simple to compare facilities which are similar except for one or two energy reduc-
tion technologies. This will be a simple “grass-roots” or grower-based technology
validation method.

The second way is to perform more detailed energy audits coupled with the dy-
namic energy balance model. This will allow real-time theoretical assessment of the
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impacts of specific technologies under varying operating conditions within a given
greenhouse or within different geographical areas.

The third way is to perform energy flow analysis within greenhouses that have
multiple technologies employed in different zones. This will provide actual real-
time energy consumptions by zone, which is a very defensible and reliable basis
of assessment.

The forth and final way is via the follow-up technology validation being spon-
sored by Ag Energy Co-op. This is a follow-on program to the initial audit program,
where new cutting-edge technologies are being deployed in the facilities previously
audited providing third party validation of the cost and the benefit of these new
technologies. This will be an ongoing program, hopefully, for a number of years.

DYNAMIC ENERGY BALANCE MODEL BASICS
Generally speaking, energy that enters a facility leaves the facility (i.e., what goes
in comes out). Using this principal it is theoretically possible to develop an energy
balance on a facility by monitoring and measuring all of the energy inputs into
and out of the given facility. In a greenhouse system, the energy elements include
the following:
m  Electricity.
m  Gas/oil.
m  Sunlight.
m  Ambient heat from the surrounding environment (depending on
temperatures these can be a heat energy contribution or heat
energy loss).

While such an approach is theoretically possible, it can be difficult to accomplish
in practice. Developing energy balances involves measuring the inputs or outputs
from every potential energy source and sink. The level of detail required for a pre-
cise energy balance requires considerable expenditure of time and effort. It is there-
fore useful to conduct general energy audits designed to provide an initial identifi-
cation of potential energy efficiency.

In such audits, the focus is on identification of sources of energy loss, since iden-
tifying these losses provides opportunities to reduce them. Reducing energy losses
results in less energy being input into the system, leading to cost savings. To gain
as accurate a picture of the energy distribution as possible, two energy balances
were calculated.

The first steady-state balance was based upon the results gathered during a site
audit. The results from these audits provide a snapshot of energy distribution at
the time of the audit. These snapshots are designed to provide a rough estimate of
energy distribution and are not intended as definitive balances, which are simply
not possible within the short audit period.

Since energy losses are a great concern in greenhouses and provide the greatest
potential for cost savings, a second energy analysis was conducted to provide great-
er insight into these losses. This secondary analysis was based upon data received
from individual grower’s climate control systems and the Energy Flow Integration
Network (EFIN).

The dynamic model then uses the collected data to calculate the conductive, con-
vective, radiative, and climate control system energy gains/losses. This in turn al-
lows for simulation of the impact of different energy conservation technologies.
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SEMI-QUANTITATIVE SCREENING OF POTENTIAL ENERGY-SAVING
ECHNOLOGIES

A key part of this study was to identify new and/or less commonly used energy
conservation technologies and evaluate their potential payback. The desire was to
provide a reasonably comprehensive identification and screening process to allow
the industry to work together to evaluate the best prospects for reducing overall
energy consumption.

Identification of Potential Energy-Saving Technologies. A reasonably com-
prehensive list of available energy saving technologies was developed based on a
generic industrial list prepared at Rutger’s University. The basic list was taken
from the “Assessment Recommendation Code System Version 8.2, August 2004,
prepared by Michael Muller, Donald Kasten, and Fred Glaeser from the Center for
Advanced Energy Systems, Department of Mechanical and Aerospace Engineer-
ing, Rutgers University. This was prepared in a program sponsored by U.S. De-
partment of Energy, Office of Energy Efficiency and Renewable Energy, Industrial
Technologies Program.

The basic structure and organization of this “Rutger’s List” was maintained in-
cluding the unique ARC Number assigned to each recommendation. However, in
order to build upon this list in a way that was meaningful to the greenhouse indus-
try, non-relevant or not applicable recommendations were omitted and additional
industry specific technologies were added. This resulted in a modified list of over
200 available technologies for consideration.

Due to the generic source of the “Rutger’s List,” some of the identified available
technologies are only loosely applicable to the greenhouse industry. In addition
there is some apparent repetition in the list as different aspects of similar technolo-
gies can be applied to different classifications of operations (maintenance, produc-
tion, etc.). While the modified list is not easily interpreted in the context of the
greenhouse industry it is a useful brainstorming tool to take advantage of ideas and
technologies applied in different industries.

Screening of Potential Energy-Saving Technologies. It would be impractical
to perform a meaningful evaluation of all of the available technologies identified un-
der this limited program. In order to better focus our efforts a preliminary screen-
ing and prioritization of these available technologies was required. The objective of
the screening process was to eliminate those technologies already in place in the
vast majority of facilities and to eliminate those technologies that are less practical
and cost effective. A shortlist of the top 27 technologies was targeted to identify and
evaluate the best options yet to be widely implemented.

To facilitate the preliminary technology screening, a semi-quantitative, numerical
evaluation procedure was used. The first step was to identify (based on observations
during the energy audits) whether each technology was already extensively used in
most facilities (i.e., greater than 95%) or not. This would allow us to eliminate from
consideration those cost effective options that were already uniformly utilized.

The second step involved assigning a relative numerical ranking to each of the
technologies for each of the following criteria:

m  Relative Capital Cost.
m  Relative Operating Cost.
m  Relative Annual Savings.
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The relative rankings of the capital costs, the operating costs, and the annual
savings are done on a scale of 0 to 5. A ranking of 0 corresponds to no costs/savings
and a ranking of 5 corresponds to the maximum costs/savings.

The combined ranking is determined by applying a Weighting Factor (ranging
from 1 to 3) to each of the ranking criteria. The combined ranking is determined by
the following formula: (Capital Cost x Capital Weighting Factor) + (Operating Cost
x Operating Weighting Factor) — (Annual Savings x Annual Weighting Factor).
The lower the combined ranking, the better the potential payback for the identified
recommendation.

Once this screening procedure was applied to the technologies, the 27 technolo-
gies with the lowest sum of ranking criteria that aren’t already uniformly utilized
were short-listed for further investigation. The following tables (Tables 1, 2, 3, 4)
summarize the short listed energy reduction technologies under the basic catego-
ries of Boilers, Electrical, Insulation, and Other. This list has been published previ-
ously by Ag Energy Co-operative at the conclusion of the initial auditing program.
Various technologies are presently being validated by Ag Energy in different com-
mercial greenhouses.
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