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Executive Summary

Under its contract with the Public Service Commission of Wisconsin (the PSC) to evaluate the Wisconsin
Focus on Energy programs, the Evaluation Team!—in coordination with the Program Administrator, the
Program Implementers, and PSC staff—compiled this Technical Reference Manual (TRM). The
information contained in this document summarizes the consensus calculations of the electric and
natural gas energy savings, and the electric demand reductions, achieved from installing energy
efficiency and renewable energy measures that are supported by Focus on Energy programs. This TRM is
publicly available online at http://www.focusonenergy.com/about/evaluation-reports.

The values presented in this TRM fall into one of two categories:

e Deemed Savings are specific per-unit saving or demand reduction values that have been
accepted by the Program Administrator, Program Implementers, Evaluator, and the PSC because
the measures and the uses for the measures are consistent, and sound research supports the
savings achieved.

e Savings Algorithms are equations for calculating savings or demand reductions based on
project- and measure-specific details. This TRM makes these calculations transparent by
identifying and justifying all relevant formulas, variables, and assumptions.

This TRM is also a reference guide as to how measures are classified in Focus on Energy’s tracking
database, SPECTRUM. This document is revised annually to account for changes to programs and
measures.

The Evaluation Team leveraged many different primary and secondary sources to derive the calculation
algorithms, variable assumptions, and measure descriptions contained in this TRM. These sources
include available best practices and industry standards; on-site evaluation, measurement, and
verification (EM&YV) of savings from Focus on Energy projects; engineering reviews; and reviews of
practices used in other jurisdictions. To best represent the Wisconsin climates and demographics, as
well as program implementation practices, these energy-savings calculations account for state-specific
factors such as climate zones, building codes, and market penetrations.

Update Process

The TRM is updated on a working basis throughout the year, and published once per year. The present
edition presents deemed savings and inputs effective beginning January 2024.

1 The Evaluation Team consists of Cadmus and Apex Analytics.
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Annual updates keep the TRM relevant and useful by:

e Presenting validated savings calculations for any new measures Focus on Energy has begun
offering through its programs since the last update;

e Eliminating measures that are no longer being offered through Focus on Energy programs; and

o Updating information on existing measures to reflect new research findings and technology
changes.

Two processes are in place for updating the TRM and ensuring that those updates are timely,
comprehensive, and accurate. All content updates are integrated into the existing document, with
changes indicated in the Revision History table included for each measure entry.

As part of the annual impact evaluation, the Evaluation Team identifies whether measures’
recommended savings could be informed by evaluation findings and/or the presence of new research.
The Evaluation Team works with the Program Administrator and the PSC to determine whether the
findings are significant enough to merit a full review of the measure savings. Further review is typically
pursued for those measure(s) that make a significant contribution to overall program savings, as well as
when a lengthy period of time has elapsed since the measure was last reviewed, and/or if there is
uncertainty regarding the accuracy of the existing savings calculations.

In summer of each year, the Evaluation Team issues the results of its review, including any proposed
revisions to savings calculations or other aspects of the existing TRM content. Program Implementation
staff, the Program Administrator, and PSC staff review the proposed updates to achieve consensus on
final revisions for publication in the TRM.

Focus on Energy Program Implementers may propose adding new measures or revising the entries for
existing measures at any time during the year, by preparing a workpaper that follows the structure of a
TRM entry. These workpapers are reviewed by members of the Evaluation Team, the Program
Administrator, and PSC staff to ensure that the proposed savings calculations are fully and adequately
justified. Workpapers that meet this standard must have the following key criteria:

e Aclear definition of the measure
e Aclear description of how the measure saves energy

e A complete description of the calculation algorithms used to calculate savings, which identifies
all variables and, where relevant, identifies the standard values to be used as inputs

e (Citation of all data to valid sources

The initial workpaper may be revised to ensure that all criteria are met and to achieve consensus on a
final savings recommendation. Workpapers that pass all levels of the review receive formal approval
from the PSC.

New measures and revised savings calculations take effect for the programs immediately after the
workpaper is approved. Similarly, existing measures are deactivated as soon as they are no longer
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offered. As a result, the published TRM does not have details for all active measures or savings
calculations at every point during the year.

Navigating the TRM

Focus on Energy savings and demand reductions are calculated, and incentives are paid, by measure.
Measures are defined as a specific product, technology, or service offered through one or more Focus
on Energy programs, for which definable savings can be identified. Some TRM entries describe the
savings for a single measure. Other entries address a group of related measures whose savings are
calculated in a consistent way, such as measures that offer the same type of lighting product in different
wattages.

TRM entries are grouped by technology and function, based on the group designations used to classify
measures in SPECTRUM. Most groups are based on technology, including a lighting group with
subcategories addressing CFLs, LEDs, and other specific lighting technologies. Some measures are
grouped by technology end use, such as laundry or food service. These classifications are used for
planning purposes and to categorize savings outcomes in evaluation reports.

Measure Detail Structure
Each entry describes the measure and its savings using the following format:
e Anintroductory Measure Detail Table summarizes the measure savings and characteristics,
including the formal measure name and any information necessary to include the measure in

SPECTRUM. The measure detail table also identifies two key characteristics that guide how
savings are calculated.

First, the detail table identifies all sectors in which the measure is offered, which include:?

= Residential single-family homes

= Residential multifamily dwellings (such as apartment buildings and condominiums)
=  Commercial facilities

= |ndustrial facilities

= Agriculture facilities

= School and government facilities

In many cases, the energy savings calculated for a measure will be the same for each sector in
which it is used. However, this can vary for measures that are used differently by different
customer sectors. For example, research has confirmed that, on average, homeowners,
commercial businesses, and industrial facilities use the same lighting product for different

2 Because measures that are incented through a markdown on the retail price at the store cannot be clearly

assigned to a sector, they are assigned to the “upstream” sector based on the program design.
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amounts of time and at different times of the day, resulting in different annual electricity
savings and demand reductions.

e Second, the table documents the measure type, which identifies the process by which savings
are calculated. Each Focus on Energy measure is one of the following three measure types:

= Prescriptive measures have a specific deemed savings value that can be applied to each
project within a given sector where the measure is used. This measure type is most
commonly used for products that are manufactured and used consistently by all
participants, such as light bulbs and appliances.

=  Custom measure savings vary by project. This applies to more complex, multifaceted
measures with different energy-use factors for each project, such as changes to industrial
processes. TRM entries for custom measures do not identify savings values, but instead
specify the savings algorithm that should be used to calculate savings and the source and
calculation method used for algorithm inputs.

=  Hybrid measure savings, like custom measure savings, vary by project, and are treated like
custom measures in the TRM. The distinction between hybrid and custom measures is that
the value of custom incentives also varies by project, while hybrid incentives are the same
for each project.

The next three sections describe the measure(s) and how they achieve energy savings. The Measure
Description defines the product, technology, or service. The Description of Baseline Condition identifies
the less efficient product or service the customer could purchase in absence of Focus on Energy
programs and incentives, while the Description of Efficient Condition identifies how the measure
incented through Focus on Energy is more efficient than the baseline. Measures achieve energy savings
and/or demand reductions based on the difference in energy use and demand between the baseline and
efficient conditions.

Formulas are provided to specify the energy savings and demand reduction calculations. The Annual
Energy-Savings Algorithm identifies how to calculate the electricity and/or natural gas savings achieved
per year. The Summer Coincident Peak Savings Algorithm identifies the formula used to calculate
reductions in electric demand, under the assumption that peak electric demand in Wisconsin occurs
weekday afternoons from 2:00 p.m. to 6:00 p.m., June through September . The Lifecycle Energy-
Savings Algorithm identifies the formula used to convert annual electricity and/or natural gas savings to
the lifecycle savings achieved over the effective useful life (EUL) of the measure. The EUL definition
originates from the Focus on Energy Policy manual and it is described as the measure median number of
years of expected operation, i.e. the time until half the units would be expected to have failed or been
removed. In addition to describing the algorithms used, all three sections specify the values of variables
used in the calculation. These inputs may include assumptions about usage behavior or other details
obtained through research. For custom and hybrid measures, the algorithms also note which inputs
should be calculated on a project-by-project basis, from sources such as engineering reviews, modeling
inputs, or on-site measurements. Electricity and natural gas savings are rounded to the nearest integer if
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their calculated value is 10 kWh or therms or greater, and rounded to two decimals if lower. Demand
reduction in kilowatts is always rounded to four decimals.

Savings calculated through those formulas are often reported in the Measure Detail Table. However, in
some cases—such as when there are calculations for multiple related measures—there is too much
detail to concisely include in the Measure Detail Table. In those cases, a Deemed Savings section
describes all completed savings calculations. In some cases, an Assumptions section may also be added
to describe the process of selecting and/or calculating algorithm inputs in greater detail.

All factual statements and figures throughout the measure description include a superscript citation and
respective sources are numerically listed at the end of each measure in the form of end-notes. For public
sources such as published studies, hyperlinks and publication information are provided for the original
source. More details on data cited to internal sources, such as historical Focus on Energy data or
measure-specific market research, can be obtained from program staff. Initial inquiries can be directed
to Mitch Horrie at the PSC, (608) 267-3206, mitch.horrie@wisconsin.gov.

The Revision History section has a table with all the revision dates for that TRM entry and briefly
describes the changes.
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Business (Nonresidential) Measures

Through the Business Portfolio, Wisconsin Focus on Energy delivers energy efficiency and renewable
energy programs to nonresidential utility customers in the state. Customers who are eligible to
participate in these programs include commercial and industrial firms, agricultural producers, schools,
and local governments. With the programs, Focus on Energy aims to help nonresidential customers
meet their unique and complex electricity and natural gas needs as efficiently as possible. Focus on
Energy accomplishes this by providing information, financial incentives, and support for implementing
energy-efficient technologies. These technologies include, but are not limited to, efficient lighting,
heating and cooling systems, motors and drives, appliances, renewable energy systems, and custom
products specific to key industries, such as food service and agricultural production.
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AGRICULTURE
Agriculture Water Heaters

Natural Gas to Natural Gas Commercial Water Heater Storage, 4937
Measure Master ID .
Propane Commercial Water Heater Storage, 4938

Workpaper ID W0029

Measure Unit Per water heater
Measure Type Hybrid

Measure Group Agriculture
Measure Category Water Heater
Sector(s) Agriculture
Annual Energy Savings (kWh) 0

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Varies by measure
Annual Propane Savings (Gallons) Varies by measure
Lifecycle Energy Savings (kWh) 0

Lifecycle Therm Savings (Therms) Varies by measure
Lifecycle Propane Savings (Gallons) Varies by measure
Water Savings (gal/year) 0

Effective Useful Life (years) 151

Incremental Cost ($/unit) Natural gas = $7,016.11 (MMIDs 4937)?, Propane = $3,470.54 (MMIDs 4938)3

Measure Description

This measure is replacing a less efficient water heater with a newer high-efficiency model that is code-
compliant and delivers hot water at the same temperature and flow rate as the baseline water heater,
using less energy. Dairy farms require a commercial-sized water heater to meet the farming hot water
needs. This does not include measures for switching to an electric tankless water heater. AHRI listings
are used as the valid form of third-party verification to ensure water heater quality and efficiency
standards.

Description of Baseline Condition

New water heater units are intended to be installed when the existing unit has failed or is judged to
have reached its end of life. Therefore, the baseline unit is a new conventional electric, natural gas, or
propane storage water heater intended for service in a commercial and industrial building. Per an ACEEE
report,* the following baseline efficiency energy factor ratings are assumed:

e Electric water heater: 0.90 EF

e Natural gas water heater: 0.59 EF
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Description of Efficient Condition

The minimum requirements for the new high-efficiency replacement water heaters are as follows:

e Gas Storage to High-Efficiency Gas Storage or High-Efficiency Tankless Gas: New natural gas or
propane water heater must have a thermal efficiency of 290% as rated by AHRI.

o Electric Storage to High-Efficiency Electric Storage: Electric commercial-rated water heater
must have a thermal efficiency of 298% and a standby loss of <0.64% per hour as rated by AHRI.

Annual Energy-Savings Algorithm

Electric Water Heaters
kW hsavep = Btusavep / 3,412

Where:

I L L S

Calculated as shown below for natural gas and propane
Btusavep Btu
water heaters

3,412 Conversion factor Btu/kWh 3,412

Natural Gas and Propane Water Heaters
Gassavep = BtuSAVED/ ConvF

Btusaveo = GPY x PWATER * Cr20 * AT * [(1 /EFBASELINE) - (1 /EFEFFICIENT)]

Where:
I S
Gassavep Therms of natural gas or gallons of propane Therms
. MBtu/therm = 100 MBtu/therm
ConvF Fuel conversion factor
Mbtu/gallon = 91.3 Mbtu/gallon propane®

GPY Annual hot water usage GPD 365
2.75 gallons/cow/day * number of milking
cows being served by water heater (as
defined by user), or * maximum amount
of hot water that can be supplied by total
number of purchased water heaters

GPD Average gallons of hot water usage per day Gallons/day ) o .
during two one-hour milking sessions?;
see Assumptions. Note that for hybrid
calculations, use lesser of these two
approaches to determine annual water
usage.

365 Number of days in a year Days/yr 365

PWATER Density of water Lbs/gal 8.33

Cp,H20 Specific heat of water Btu/lb-°F 1
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I S S

Change in temperature (= Tempuor H2o —

AT

°F

Tempcouo_H20)

EFBASELINE

EFerricent= M

Efficiency metric for baseline water heater %

* CP,o* AT / Qin

Tempeor H20 = Average dairy farm water
heater setpoint temperature (170°F)?

Tempcowo_n20 = Assumed starting water
temperature (103°F; see Assumptions)
0.90 EF for electric storage, 0.59 EF for
natural gas storage;* see Assumptions

Qin= GPD = PWATER * CP,H20 = AT/I]RE* (1 - SL/P.n) + 24 = SL)

Where:

e pee e e

Qin

NRe

Standby Loss (SL)

24

Mass of hot water being used per day

Daily Btu consumption of water heater

(= GPD * pwarer * Cp 20 * AT/ nre * (1 - Standby
Loss / Pin) + 24 * Standby Loss)*

Recovery efficiency of water heater (%), assumed to
be equivalent to the AHRI-rated thermal efficiency
of the new commercial water heater

Standby heat loss value (Btu/hour =% / hr * P;,) as
rated by the AHRI certificate of the new commercial
water heater (conversion for commercial electric
water heater ratings must be performed based on
the AHRI-stated percentage of loss per hour rating)
AHRI-rated input power of water heater (for
commercial electric resistance conversion)

Number of hours in a day

Summer Coincident Peak Savings Algorithm
There are no peak coincident savings for these measures.

Lifecycle Ene

rgy-Savings Algorithm

Gas ey = Gassaveo * EUL

Where:

EUL = Effective useful life (15 years)!
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Assumptions

The actual water heater unit volume rating will be used, or a default of approximately
100 gallons,? if unknown. This is the amount of water that is ready and at full hot water capacity
prior to the start of each milking session.

It is assumed that the cleaning of dairy pipeline equipment takes place within one hour after the
milking session is complete to prevent the growth of bacteria. It is also assumed that the main
water heating demand will take place within one hour after each milking session.

Savings are based on a flat assumption (based on field experience from AgSG program Energy
Advisors) that approximately 75% of Wisconsin dairy farms use a refrigeration heat recovery
unit that pre-heats well water from the refrigeration system’s waste heat and feeds that well
water to the main water heater. Preheated refrigeration heat recovery output water is around a
conservative 120°F and average well water temperature is 52.3°F,® and a 75/25 split of those
two temperatures is assumed to determine a mixed deemed average of approximately 103°F
incoming water heater temperature.

Estimating the actual dairy hot water usage on a farm is quite volatile depending heavily on farm
management and farm size. Several sources were evaluated and through engineering judgment,
a realistic estimated average of 2.75 gallons of hot water per cow per day was used for this
analysis.?

A user-defined input is provided for the number of milking cows, assumed to be the average
number of animals being milked throughout the entire year that are being served by the water
heaters.

This entry includes measures for gas-fired equipment eligible to both natural gas and propane
customers. The Code of Federal Regulations,” upon which federal efficiency standards are
based, defines gas as either natural gas or propane (§430.2 for consumer appliances, and §431.2
for commercial and industrial equipment). Thus, it is assumed that equipment efficiencies, costs,
etcetera are equal for both fuel types. Any infrastructure or maintenance costs unique to each
particular fuel were ignored.

Revision History

01
02
03

04

05
06

10/2016 Initial release

12/2018 Updated incremental cost

03/2019 Added propane measure

12/2019 Removed residential-type references, added new MMIDs for natural gas and
propane measures

04/2021 Removed electric measures

08/2023 Updated IMC and minor algorithm update
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1 PA Consulting Group Inc. “State of Wisconsin Public Service Commission of Wisconsin Focus on Energy Evaluation Business
Programs: Measure Life Study Final Report.” August 25, 2009.
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

2 “Cost Updates 072023 .xls”

The Water Heater Costs tab shows historical SPECTRUM data of 25 agricultural water heater project costs. Project dates ranges
from January 2020 through March 2023. Retrofit incremental cost is $8,584.90 - $1,568.79 = $7,016.11.

3 “Cost Updates 072023 .xls”

The Water Heater Costs tab shows historical SPECTRUM data of 91 agricultural water heater project costs. Project dates ranges
from January 2020 through March 2023. Retrofit incremental cost is $5,381.41 - $1,910.86 = $3,470.54.

4 Talbot, Jacob (American Council for an Energy-Efficient Economy). “Market Transformation Efforts for Water Heating
Efficiency.” ACEEE Report A121. January 2012. http://aceee.org/sites/default/files/publications/researchreports/al121.pdf

5 U.S. Energy Information Administration. “Energy Units and Calculators Explained.” Accessed December 2018.
https://www.eia.gov/energyexplained/?page=about _energy units

6 U.S. Department of Energy. “Domestic Hot Water Scheduler.”

Average water main temperature of all locations measured in Wisconsin by scheduler, weighted by city populations.

7 Electronic Code of Federal Regulations. §430-431. Accessed February 2019. https://
www.ecfr.gov/cgi-bin/text-idx?gp=&SI1D=92c3f99c51e1124fcc790d11c93e04af&mc=true&tpl=/
ecfrbrowse/Title10/10ClIsubchapD.tpl

2024 Wisconsin Focus on Energy Technical Reference Manual 11


mailto:focusinfo@focusonenergy.com
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
http://aceee.org/sites/default/files/publications/researchreports/a121.pdf
https://www.eia.gov/energyexplained/?page=about_energy_units
https://www.ecfr.gov/cgi-bin/text-idx?gp=&SID=92c3f99c51e1124fcc790d11c93e04af&mc=true&tpl=/ecfrbrowse/Title10/10CIIsubchapD.tpl
https://www.ecfr.gov/cgi-bin/text-idx?gp=&SID=92c3f99c51e1124fcc790d11c93e04af&mc=true&tpl=/ecfrbrowse/Title10/10CIIsubchapD.tpl
https://www.ecfr.gov/cgi-bin/text-idx?gp=&SID=92c3f99c51e1124fcc790d11c93e04af&mc=true&tpl=/ecfrbrowse/Title10/10CIIsubchapD.tpl

&
o0
e o focusonenergy

Partnering with Wisconsin utilities

1 South Pinckneye Suite 340 « Madison WI 53703
phone: 800.762.7011 / focusinfo@focusonenergy.com

Horticultural Lighting, Agriculture

Measure Master ID

Workpaper ID

Measure Unit

Measure Type

Measure Group

Measure Category

Sector(s)

Annual Energy Savings (kWh)
Peak Demand Reduction (kW)
Annual Therm Savings (Therms)
Lifecycle Energy Savings (kWh)
Lifecycle Therm Savings (Therms)
Water Savings (gal/year)

Effective Useful Life (years)

Incremental Cost ($/unit)

Measure Description

Horticultural Lighting, Non-Stacked Indoor, Agriculture:
<700 W LED, Replacing 1,000 W HID, 5024
<400 W LED, Replacing 600 W HID, 5025

Horticultural Lighting, Supplemented Greenhouse, Agriculture:
<700 W LED, Replacing 1,000 W HID, 5026

<400 W LED, Replacing 600 W HID, 5027

<250 W LED, Replacing 400 W HID, 5028

W0253

Per unit

Prescriptive

Lighting

Lighting Emitting Diode (LED)

Agriculture

Varies

Varies

0

Varies

0

0

Non-Stacked = 10 (MMIDs 5024 and 5025), Supplemented = 20 (MMIDs
5026, 5027, and 5028)%2

1,000 W Replacement = $700.58 (MMIDs 5024 and 5026), 600 W
Replacement = $492.34 (MMIDs 5025 and 5027), 400 W Replacement =
$513.69 (MMID 5028)3

These prescriptive measures, part of the horticultural lighting offerings developed in 2020, are
replacing 400 watt to 1,000 watt HID lighting with LED horticultural lighting fixtures. A mix of non-
stacked indoor and supplemented greenhouses is anticipated. Supplemented greenhouses use electric

lighting to extend the hours of daylight, supplement low levels of sunlight on cloudy days, or disrupt

periods of darkness to alter plant growth. Non-stacked indoor greenhouses grow plants in a single layer

along the floor, under ceiling-mounted lighting.?

Large-scale lighting upgrades, for new construction or existing buildings, are better suited to using the
wattage-reduction-based hybrid measures (MMIDs 5032 and 5033).

Description of Baseline Condition

The baseline equipment is HID lighting ranging from 400 watts to 1,000 watts. 2
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Description of Efficient Condition
The efficient condition is a DLC-listed fixture in the Horticultural Lighting category or a fixture that
meets three requirements:

e Fixture photosynthetic photon efficacy >2.0 pmol/J (DLC requirement is 1.9 pmol/J)*

e Five-year minimum warranty

e Appropriate Horticultural Lighting designation by OSHA NRTL or SCC-recognized body

Annual Energy-Savings Algorithm
kW hsavep = (WattsBASE— WattsEE) * HOU / 1,000

I

. . 1,079 watts for MMIDs 5024 and 5026;
Power consumption of baseline
Wattsgase . Watts 663 watts for MMIDs 5025 and 5027;
equipment
455 watts for MMID 50285
. L 625 watts for MMIDs 5024 and 5026;
Power consumption of efficient
Wattsge . Watts 361 watts for MMIDs 5025 and 5027;
equipment
184 watts for MMID 5028°
5,475 for non-stacked indoor (MMIDs 5024
HOU Hours of use Hrs and 5025); 2,120 for supplemented (MMIDs
5026, 5027, and 5028)3
1,000 Conversion factor W/kW

Summer Coincident Peak Savings Algorithm
kWSAVED = (WattsBAsg— WattsEE) * CF / 1,000

Where:

CF = Coincidence factor (1.0 for non-stacked indoor [MMIDs 5024 and 5025],
0 for supplemented [MMIDs 5026, 5027, and 5028]; see Assumptions)

Lifecycle Energy-Savings Algorithm
kWhLIFECYCLE = kWhSAVED * EUL

Where:

EUL = Effective useful life (10 years for non-stacked indoor [MMIDs 5024 and
5025], 20 years for supplemented [MMIDs 5026, 5027, and 5028]*
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Deemed Savings

Average Annual Deemed Savings for Horticultural Lighting

“m S

Non-Stacked <700 watt LED, replacing 1,000 watt HID 5024 2,486 0.454
Indoor <400 watt LED, replacing 600 watt HID 5025 1,653 0.302
<700 watt LED, replacing 1,000 watt HID 5026 962 0.000
Supplemented -
<400 watt LED, replacing 600 watt HID 5027 640 0.000
Greenhouse -
<250 watt LED, replacing 400 watt HID 5028 575 0.000
Average Lifecycle Deemed Savings for Horticultural Lighting
____ MMID____ | Agriculture
Non-Stacked <700 watt LED, replacing 1,000 watt HID 5024 24,860
Indoor <400 watt LED, replacing 600 watt HID 5025 16,530
<700 watt LED, replacing 1,000 watt HID 5026 19,240
Supplemented -
<400 watt LED, replacing 600 watt HID 5027 12,800
Greenhouse -
<250 watt LED, replacing 400 watt HID 5028 11,500

Assumptions

The EUL for horticultural lighting fixtures is different than the EUL for non-horticultural lighting
and is limited by the current test procedures. There are several methods for determining how
many hours a fixture will remain viable for users.

= The most common way to measure non-horticultural LED fixtures is the L;o measurement,
which determines how many hours a fixture will maintain 70% of the total original lumen
output.

= For horticultural lighting, the industry standard is either the Loy or Q9o measurement, or the
number of hours a fixture can maintain 90% of its original output.

Since most horticultural lighting fixtures are relatively new to the market and it is generally not
possible to complete a full lifecycle output test before bringing to market, the accepted method
of calculating the Lo and Qg values is the TM-21 test procedure.? This procedure requires a test
period of up to 10,000 hours (and sometimes 12,000 hours) to predict the Lgp and Qqo values,
but with a maximum Lgg and Qgo value of six times the test period. Horticultural lighting fixtures
therefore may perform with outputs at higher than 90% of their original rate for much longer
than established by the TM-21 test method, but the company can only list six times the test
period as their Lgp or Quo.

In determining the EUL for new LED horticultural measures per the TM-21 test procedure, *
manufacturer specification sheets for numerous DLC-listed horticultural lighting fixtures were
reviewed. Some manufacturers list that their fixtures maintain Ly or Qgo requirements for
greater than the value listed because they could only project out to six times their testing
period. For horticultural lighting, the Qqo values are a better indicator of fixture effectiveness,
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but Ly were used when Qg values were unavailable. (Only specification sheets for 600 watt and
1,000 watt replacement LED fixtures were available, so a similar average lifetime hours for the
400 watt replacement fixtures was assumed.)

e The coincidence factor for a supplemented greenhouse is assumed to be zero because incident
light levels during peak demand periods are typically adequate aside from cloudy days. Non-
stacked indoor greenhouses with 100% artificial lighting will use 100% of their lights during peak
hours in the summer.

e The DLC list of products is expanding rapidly. At the time of this workpaper development, only
five 400 watt replacement fixtures were listed to determine the incremental cost of MMID 5028.
This workpaper will be reviewed in one year to update the incremental costs for all measures.

Revision History

01 03/2020 Initial release

1 MaxLite. Website. Accessed March 2020. https://www.maxlite.com/products/photonmax-horticulture-led-spot-light
Osram. Website. Accessed March 2020. https://fluence.science/

Illumitex. Website. Accessed March 2020. https://illumitex.com/products/neopar/

The average specification sheet rated a Qg or Lgg of 57,433 hours for 600 watt and 1,000 watt replacement LED fixtures. With
an HOU of 5,475 for non-stacked indoor units, their EUL is 10 years. With an HOU of 2,120 for supplemented units, their EUL is
capped at 20 years.

2 U.S. Department of Energy, Office of Energy Efficiency & Renewable Energy. “Energy Savings Potential of SSL in Horticultural
Applications.” p. ii (HOU), 2 (definitions), and 5 (baseline condition). December 2017.
https://www.energy.gov/sites/prod/files/2017/12/f46/ss| horticulture dec2017.pdf

3 HTG Supply. Website. Accessed March 2020. www.htgsupply.com

LEDlighting Wholesale Inc. Website. Accessed March 2020. www.ledlightingwholesaleinc.com

BGHydro. Website. Accessed March 2020. www.bghydro.com

Amazon. Website. Accessed March 2020. www.amazon.com

Illumitex. Website. Accessed March 2020. www.illumitex.com

Fluence. Website. Accessed March 2020. www.fluence.com

Maxlite. Website. Accessed March 2020. www.maxlite.com

4 Designlights Consortium. “Technical Requirements for Horticultural Lighting.” Accessed March 2020.
https://www.designlights.org/horticultural-lighting/technical-requirements/

5 Wisconsin Focus on Energy. “Hort Lighting Analysis 051120.xlsx.”
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Grow Light System, Agriculture

Measure Master ID

Workpaper ID

Measure Unit

Measure Type

Measure Group

Measure Category

Sector(s)

Annual Energy Savings (kWh)
Peak Demand Reduction (kW)
Annual Therm Savings (Therms)
Lifecycle Energy Savings (kWh)
Lifecycle Therm Savings (Therms)
Water Savings (gal/year)
Effective Useful Life (years)
Incremental Cost ($/unit)

Measure Description

Grow Light System, Single tier Indoor, Agriculture, 5032

Grow Light System, Supplemented Greenhouse, Agriculture, 5033
W0254

Per system

Hybrid

Lighting

Lighting Emitting Diode (LED)

Agriculture, Schools & Government

Varies

Varies

0

Varies

0

0

Single tier = 10 (MMID 5032), Supplemented = 20 (MMID 5033)*?
Varies?

These hybrid measures, part of the horticultural lighting offerings developed in 2020, involve installing
LED horticultural lighting either instead of (for new construction) or to replace (for retrofit) existing HID
and/or fluorescent fixtures. A mix of single tier indoor and supplemented greenhouses is anticipated.
Customer inputs and lighting design details will be used to calculate savings (see Assumptions). Single
tier indoor greenhouses grow plants in a single layer on the floor under ceiling-mounted lighting.
Supplemented greenhouses use electric lighting to extend the hours of daylight, to supplement low
levels of sunlight on cloudy days, or to disrupt periods of darkness—all intended to alter plant growth.
Multi-tier farms, which include shelving from floor to ceiling (and where lighting is typically mounted
within the shelving units and is much closer to the plants), are not included in this offering.?

The design and baseline photosynthetic photon flux density must be comparable and established by a
lighting design.

Smaller-scale lighting upgrades, in existing buildings only, are better-suited to using the one-for-one
prescriptive measures (MMIDs 5024 through 5028).

Description of Baseline Condition

The baseline system is a lighting design using HID and/or fluorescent fixtures with typical wattages
(400 watts to 1,000 watts) that result in an equivalent photosynthetic photon flux density to the
proposed design system. The baseline design must be a practical and viable alternative for the
customer.
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Description of Efficient Condition

The efficient condition must be comprised of either DLC-listed horticultural lighting fixtures, in the
Horticultural Lighting category, or fixtures that meet three requirements:

e Fixture photosynthetic photon efficacy >2.3 pmol/J*
e Five-year minimum warranty

e Appropriate Horticultural Lighting designation by OSHA NRTL or SCC-recognized body

Annual Energy-Savings Algorithm
kW hsavep = (WattsBA_c,E— WattsEE) * HOU / 1,000

Narable ————peseiptin s e

Wattsgase Power consumption of baseline lighting system Watts Customer input
Wattspase Power consumption of efficient lighting system Watts Customer input
HOU Hours of use Hrs Customer input
1,000 Conversion factor W/kW 1,000

Summer Coincident Peak Savings Algorithm
kWSAVED = (WattsBAsg— WattsEE) * CF / 1,000

Where:

CF = Coincidence factor (customer input; see Assumptions)

Lifecycle Energy-Savings Algorithm
kWhLIFECYCLE = kWhSAVED * EUL

Where:

EUL = Effective useful life (10 years for single tier [MMID 5032], = 20 years for
supplemented [MMID 5033])2

Assumptions
e The EUL for horticultural lighting fixtures is different than the EUL for non-horticultural lighting
and is limited by the current test procedures. There are several methods for determining how
many hours a fixture will remain useful.

=  The most common way to measure non-horticultural LED fixtures is the L;o measurement,
which determines how many hours a fixture will maintain 70% of the total original lumen
output.

=  For horticultural lighting, the industry standard is either the Loy or Q9o measurement, or the
number of hours a fixture can maintain 90% of its original output.

e Since most horticultural lighting fixtures are relatively new to the market and it is not possible to
have completed a full life cycle output test, the accepted method of calculating the Lsp and Qg0
values is the TM-21 test procedure.* This test procedure requires that a test period of up to
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10,000 hours (and sometimes 12,000 hours) to predict the Lgp and Qg values, but with a
maximum Lgp and Qgp value of six times the test period. Horticultural lighting fixtures therefore
may perform with outputs at a higher than 90% of their original rate for much longer than
established by the TM-21 test method, but the company can only list six times the test period as
their Lgo or Qgo.

e In determining the EUL for horticultural measures per the TM-21 test procedure, * manufacturer
specification sheets for numerous DLC-listed horticultural lighting fixtures were reviewed. Some
manufacturers list that their fixtures maintain Lgo or Qg requirements for greater than the value
listed because they could only project out to six times their testing period. For horticultural
lighting, the Qg values are a better indicator of fixture effectiveness, but when Qg values were
unavailable, Lso values were used instead. (Only specification sheets for 600 watt and 1,000 watt
replacement LED fixtures were available, so a similar average lifetime hours for the 400 watt
replacement fixtures was assumed.)

e The hours of use will vary for each project based on customer input. Default hours of 5,475 for
single tier indoor applications and 2,120 for supplemented greenhouses should be used.? With
greater potential for energy savings in single tier indoor applications, more LED lighting
upgrades in this type of facility are anticipated.

e The coincidence factor for a single tier indoor greenhouse with 100% artificial lighting will be
1.0, since it will use 100% of the lights during peak hours in the summer. A supplemented
greenhouse that uses natural sunlight as their primary light source will use a fraction of their
lights during peak hours (cloudy days only). For these cases, use the customer input regarding
what percentage of the time the artificial lighting will be on during peak times.

Revision History

| Version Number | Date | Description of Change

01 03/2020 Initial release

Updated min efficiency; changed language from ‘non-stacked/vertical’ to

02 10/2023 ‘single/multi-tier’

! MaxLite. Website. Accessed March 2020. https://www.maxlite.com/products/photonmax-horticulture-led-spot-light

Osram. Website. Accessed March 2020. https://fluence.science/

lllumitex. Website. Accessed March 2020. https://illumitex.com/products/neopar/

Average specification sheet rated Qg or Lo of 57,433 hours for 600 watt and 1,000 watt replacement LED fixtures. With an
HOU of 5,475 for single tier indoor units, their EUL is 10 years. With an HOU of 2,120 for supplemented units, their EUL is
capped at 20 years.

2 U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy. “Energy Savings Potential of SSL in Horticultural
Applications.” p. ii (HOU) and 2 (definitions). December 2017.

https://www.energy.gov/sites/prod/files/2017/12/f46/ss| horticulture dec2017.pdf

3 Incremental measure costs to be manually calculated and entered for each project individually. The following information
details how costs were derived for the related prescriptive measures (MMIDs 5024-5028) and can serve as a reference for these
hybrid measures as well.

HTG Supply Website. Accessed March 2020. www.HTGsupply.com

LEDlighting Wholesale Inc. Website. Accessed March 2020. www.ledlightingwholesaleinc.com
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BGHydro. Website. Accessed March 2020. www.bghydro.com

Amazon. Website. Accessed March 2020. www.amazon.com

Illumitex. Website. Accessed March 2020. www.illumitex.com

Fluence. Website. Accessed March 2020. www.fluence.com

MaxLite. Website. Accessed March 2020. www.maxlite.com

A blended incremental cost is based on a 40/40/20 split of 1,000 watt/600 watt/400 watt fixtures for a baseline mix. 1,000-watt
replacement = $700.58, 600-watt replacement = $492.34, 400-watt replacement = $366.68. Refer to supporting document
‘Hort Lighting Analysis 031020’.

4 DesignLights Consortium. “Technical Requirements for Horticultural Lighting.” Accessed September 2023.
https://www.designlights.org/horticultural-lighting/technical-requirements/
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Agriculture High Volume Low Speed Fans

Measure Master ID Fans, High Volume Low Speed (HVLS), General, 3998
Workpaper ID WO0053

Measure Unit Per foot, fan diameter
Measure Type Prescriptive

Measure Group HVAC

Measure Category Fan

Sector(s) Agriculture

Annual Energy Savings (kWh) 815

Peak Demand Reduction (kW) 0.2110

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kWh) 12,225

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/year) 0

Effective Useful Life (years) 151

Incremental Cost ($/unit) $51.482

Measure Description

Keeping livestock cool during the summer months is an important factor in breeding, milk production,
and general good health. Traditionally, farmers use several high-speed circulation fans (typically less
than 54 inches in diameter) with a 1 hp to 1.5 hp motor per fan that move approximately 29,000 cubic
feet of air per minute (CFM) to keep the livestock cool. High volume low speed (HVLS) fans with
diameters of eight to 24 feet typically use 1 hp to 2 hp motors per fan and move between 140,000 CFM
and 300,000 or more CFM.2 HVLS fans between 16-feet and 24-feet are eligible for incentives.

Description of Baseline Condition

Dairy farms typically have a freestall barn with one or two rows of high speed fans per group of animals,
where one row is along the feed alley blowing over the animals’ backs and one row is over the cow beds
in the center of the group. Usually, 48-inch to 50-inch high speed fans are installed every 30 feet to 40
feet. The baseline condition for other livestock barns is similar, in that multiple high-speed fans are
placed to keep the animals cool.

Description of Efficient Condition

For dairy farms, a freestall barn would generally have one row of HVLS fans installed down the center of
the barn over the feed alley to meet the air circulation needs of the barn livestock. The efficient
condition for other types of livestock barns is similar, in that fewer HVLS fans will be installed compared
to baseline to achieve the same or similar amount of circulating air flow.
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Annual Energy-Savings Algorithm
kW hsavep = (WattSmGHspEED— WattSHVLs) / 1,000 * HOU

aibe ——osion s e

Power consumption of baseline high Varies by fan diameter; see table

Watts
HIGH SPEED speed fan system below
. Varies by fan diameter; see table
Wattspyis Power consumption of HVLS fan
below
1,000 Conversion factor W/kW 1,000
HOU Average annual run hours Hs 3,864*%

Default Values for High Speed and HVLS Fan Wattages

HVLS Fan Diameter One HVLS Fan is Equivalent to 48-inch -
Size High Speed Circulation Fan® hss®

16 feet 4,124

18 feet 4.5 4,640 850
20 feet 5.0 5,155 940
22 feet 5.5 5,670 940
24 feet 6.0 6,186 1,119

* A 48-inch diameter circulation fan average uses 1,031 watts.® Therefore, a 16-foot HVLS fan has a Wieh speep €quivalent to
4.0 * 1,031 watts = 4,124 watts.

Deemed HVLS Fan kWh Savings

HVLS Fan Diameter
kWhSAVED/fOOt Fan Slze DIStrIbUtlon
ize
5%

16 feet 12,995

18 feet 14,645 814 5%

20 feet 16,287 814 53%

22 feet 18,277 831 2%

24 feet 19,579 816 35%
Weighted Average 815 kWhsayep/foot

Summer Coincident Peak Savings Algorithm
kWSAVED= (WattSmGH SPEED — WattSHVLs) / 1,000 * CF

Where:

CF = Coincidence factor (= 1.0; see Assumptions)
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Deemed HVLS Fan kW Savings

HVLS Fan Diameter o
i kWsavep kWsaven/foot Fan Size Distribution?
ize

16 feet 3.3631 0.2102 5%
18 feet 3.7901 0.2106 5%
20 feet 42151 0.2108 53%
22 feet 4.7301 0.2150 2%
24 feet 5.0670 0.2111 35%
Weighted Average 0.2110 kWsayep/foot

Lifecycle Energy-Savings Algorithm
kWhyeeeyae = kWhsaveo ¥ EUL

Where:
EUL = Effective useful life (= 15 years)?

Assumptions

e This measure is based on the assumption that HVLS fans have wider applications than just dairy
barns, and that savings will be similar in other livestock barns such as those for poultry or swine.
HVLS fans are most likely to be used in dairy barn applications based on Agriculture, Schools,
and Government Program experience.

e Asthe HVLS fan diameter increases, more 48-inch diameter circulation fans would be required
to meet the same circulation needs of the facility (see the Default Values for High Speed and
HVLS Fan Wattages table).

e According to professional experience of program subject matter expert Terry Laube, farmers in
Wisconsin typically turn their circulation fans on when it is 50°F or warmer to improve cow
comfort. This HOU holds most true for dairy barn applications; however, the HOU rating is
deemed reasonable to hold true for uses other than dairy barns, as well for control of animal
comfort.

e The fan size distribution was determined by analyzing historical program data from January
2012 through August 2016: it is estimated that the 22-foot fans will account for 2% of total, and
that the newly eligible 16-foot and 18-foot fan options will account for 10% (5% each) of the
total. Since the deemed savings is based on fan diameter foot, this is a conservative estimate. It
is also estimated that the 20-foot and 24-foot fans will account for 53% and 35% of the total,
respectively. These percentages were adjusted to reflect the historical split between the two fan
sizes. Fan distribution will be re-evaluated in a couple of years and deemed savings will be
adjusted as needed.

e The coincidence factor equals 1.0, as all hours during the peak window are assumed to be above
50°F.
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Revision History
[Version Number —— Date _ DescritionofChange
01 10/2015 Initial TRM entry
Changed measure unit from per fan to per fan diameter (foot) and updated
deemed savings source
03 12/2018 Updated incremental cost

02 10/2016

1 Cadmus. Database. March 2013.

PA Consulting Group. Focus on Energy, Business Programs: Measure Life Study Final Report. August 25, 2009.
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

2 Wisconsin Focus on Energy historical project data obtained from SPECTRUM, average cost of 17 units over eight projects from
2017 to 2018 is $332.36/foot. Base cost of $280.88 is also based on historical data, examining MMID 3768 (Circulation Fan,
HS/HE, 48"-52", Ag), average cost of 122 units over 12 projects from 2016 to 2018 and normalizing per foot. Incremental cost is
$332.36 - $280.88 = $51.48.

3 Kammel, D.W., M.E. Raabe, and J.J. Kappelman (University of Wisconsin-Madison). “Design of High Volume Low Speed Fan
Supplemental Cooling System in Dairy Free Stall Barns.” Accessed September 29, 2015.
http://www.uwex.edu/energy/pubs/HVLSFreestallDesign.pdf

4 Appendix B: Common Variables, ‘Outside Air Temperature Bin Analysis’ average number of hours in Wisconsin at or above
50°F.

5 KEMA. “2009 Evaluation of IPL Energy Efficiency Programs.” Appendix H, Group | Programs, Volume 2. Tables H-16 and H-17.
http://www.alliantenergy.com/wcm/groups/

wcm_internet/@int/documents/document/mdaw/mtix/~edisp/121605.pdf

6 Bioenvironmental and Structural System Laboratory at The University of lllinois at Urbana-Champaign. “Fan Database.”
http://bess.illinois.edu/
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Agricultural Fans, Dairy

Circulation Fan, HS/HE, Fixed Speed:
36-47 inches, Ag, Dairy, 5086
> 48 inches, Ag, Dairy, 5087

Measure Master ID Ventilation Fan, HS/HE, Fixed Speed:
> 48 inches, Ag, Dairy, 5088

Ventilation Fan, HS/HE, Variable Speed:
> 48 inches, Ag, Dairy, Variable Speed, 5089

Workpaper ID W0265
Measure Unit Per fan
Measure Type Prescriptive
Measure Group Agriculture
Measure Category Fan
Sector(s) Agriculture
Annual Energy Savings (kWh) Varies per fan size
Peak Demand Reduction (kW) Varies per fan size
Annual Therm Savings (Therms) 0
Lifecycle Energy Savings (kWh) Varies per fan size
Lifecycle Therm Savings (Therms) 0
Water Savings (gal/year) 0
Circulation fan = 15 (MMIDs 5086-5087)*
Effective Useful Life (years) Ventilation fan = 10 (MMID 5088)2

Ventilation fan with variable speed = 15 (MMID 5089)?
MMID 5086 = $657.10, MMID 5086 = $914.94, MMID 5088 = $1,627.53,3

Incremental Cost ($/unit
>/ ) MMID 5089 = $2,728.65*

Measure Description

Agriculture ventilation and circulation fans are intended to provide minimum ventilation rates and
maintain indoor air quality for dairy cows. Dairy circulation fans are designed to help provide animal
comfort, control insects in summer, and maintain indoor air quality conditions. This measure is based on
dairy barn fan installations and their operational characteristics, but can be applied to fan use in other
livestock housing areas with similar uses as well.

Each fan grouping is divided into two levels of energy efficiency based on size and whether a variable
speed drive (VSD) or other method of varying the speed such as an electronically commutated motor
(ECM) is integral to the fan. Program incentives vary based on fan type, size, and capacity to vary speed.

Description of Baseline Condition

The baseline condition is a ventilation or circulation fan used within an agricultural building of standard
efficiency without the ability to vary the speed of the motor. The baseline values for each fan grouping
are based on a comparison of actual and certified fan performance information supplied from the BESS
labs website as of August 27, 2020.°
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The results of compiling the fan performance data were sorted into fan size groupings, with single- and
three-phase fans combined. The fan baseline (standard) efficiency and energy consumption values are
an average of all non-qualifying fans tested by BESS for each respective fan size grouping. The baseline
comparison performance criteria for each of the fan size groupings is listed in the Fan Average Power
Ratings table.

Description of Efficient Condition

To qualify for a prescriptive incentive, each circulation or ventilation fan must undergo third-party
testing and be rated by BESS labs, an accredited Air Movement and Control Association testing facility,
or other third-party lab in accordance with AMCA/ANSI 210 or 230 test procedures.

The 75th percentile or higher is used as the minimum energy efficiency qualifying standard. Minimum
efficiency for fans are listed in the 75th Percentile Efficiency Threshold column of the Deemed Inputs
and Savings table below.

Annual Energy-Savings Algorithm

Fixed Speed Fans (MMIDs 5086-5088):
kW hsavep = (Faniw _sase = Fanew_ere) * HOURS

Where:
aiobe ———omapion ks vawe ]
Baseline efficiency fan average kilowatt rating See Fan Average Power Ratings table
Faniw_pase e . kw 3
for nonqualifying equipment below
. . . . See Power Rating columns of Deemed
Fanw sase High-efficiency fan average kilowatt rating kw . 3
- Inputs and Savings table below
. 6,570 for ventilation fans; * 3,864 for
HOURS Annual hours of operation Hrs

circulation fans, see Assumptions

Circulation fan baseline power ratings are the average kilowatts for fans below minimum qualifying
efficiencies reported from BESS lab tested fans in stated fan size groupings.® Circulation fan efficient
power ratings are the average kilowatts at or above the minimum qualifying efficiencies, stated in the
Fan Average Power Ratings tables above, from BESS lab tested fans in applicable fan size groupings.

Ventilation/exhaust fan power ratings are determined by the same method as circulation fans, but at
0.10 inches of static pressure, since this is a critical variable in rating ventilation/exhaust fans.

Variable Speed Fans (MMID 5089):
Energy savings for this measure are custom calculated using a spreadsheet tool,® which is based on an
engineering bulletin’ and savings calculators from two different VFD manufacturers.®?®

For the energy savings analysis, this tool uses power curves developed from data obtained by measuring
the operating characteristics of various fans and pumps. The curves are representative of typical VFD
operation.
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The spreadsheet tool uses this equation:

Power at Design GPM [CFM] = Controlled Horsepower * Conversion Constant [kW/hp] *
Motor Load at Design GPM [CFM] / Nameplate Efficiency

These equations determine energy usage for each capacity level:

Percentage of Design kW = Al + (A2 * Capacity) + (A3 * (Capacity)?) + (A4 * (Capacity)®)
Percentage of Design kW for VFD = Al + (A2 * Capacity) + (A3 * (Capacity)?) + (A4 * (Capacity)?)

In the equations above, Al, A2, A3, and A4 are variables unique to each “before VFD"” control type that
allows for a quadratic equation to be created to represent the load profile. The table below shows values
for A1, A2, A3, and A4.

Equation Variables: Before VFD

N S Y S N S N

On/Off 100.00000 0.00000 0.00000 0.00000
VFD Fan 5.90000 -0.19567 0.00766 0.00004

Since this is a prescriptive measure with deemed savings, the following inputs were entered into the
VFD hybrid calculator. Deemed savings are in the table below.

VFD Calculator Inputs:

Nameplate Horsepower =1.8249 (see Assumptions)
Motor Nameplate Efficiency = 86.5% (see Assumptions)
Annual Operating Hours =6,570

Type of Flow Control (Controls before VFD) = On/Off

Summer Coincident Peak Savings Algorithm
KW savep= (F AnNgw BASE — F ankW_EFF) * CF

Where:
CF = Coincidence factor (= 1.0)

The coincidence factor for the fixed speed fans is based on the assumption that the outdoor air
temperature is above the desired temperature in barns and therefore ventilation fans are running
during an overwhelming majority of peak hours for cooling purposes.

Lifecycle Energy-Savings Algorithm
kWh eeevee = kWhsaveo * EUL

Where:

EUL = Effective useful life (15 years for circulation fans,! 10 years for
ventilation/exhaust fans,? 10 years for variable speed fans?)
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Deemed Savings

Deemed Inputs and Savings

Fan Type Diameter o Llfecycle

Efficiency
Threshold*

Circulati 36”-47" 5086 20.0 0.6050 0 5141 526 0.1362 7,894
irculation
48"+ 5087 24.5 1.1643 1.0034 621 0.1608 9,321
o 48"+ 5088 21.0 1.4382 1.0821 2,340 0.3561 37,433
Ventilation / Variabi
ariable
Exhaust 5089 N/A N/A N/A 6,054 0.9215 60,540
Speed 48"+

*Circulation fans have units of Ibf/kW, ventilation fans have units of cfm/watt at 0.10” of static

Assumptions

The hours for ventilation fans are 8,760 * 0.75 = 6,570 hours.° This is based on the assumption that
dairy farms require mechanical ventilation for about three-quarters of the year to meet the needs of the
facility. This is a conservative approach to account for barns designed with tunnel ventilation, side-wall
curtains, and typical control schedules that incorporate the numbers of fans, stages, and temperature
setpoints throughout the year.

According to Agriculture, Schools, and Government program subject matter expert, Terry Laube, dairy
farmers in Wisconsin typically turn their circulation fans on when it is 50°F or warmer to improve cow
comfort; this equates to 3,864 hours per year. This HOU assumption holds most true for dairy barn
applications, and is assumed to reasonably hold true for other uses and for controlling animal comfort.

The variable speed fan calculations were run using the approved VFD savings calculation spreadsheet
and motor speed profiles for agricultural ventilation/exhaust fans. The variable speed
ventilation/exhaust fan measure uses the average kilowatt fan power ratings for all fans in the fan
diameter range as shown in the BESS lab reports which is 1.3614.° The constant 0.746 kW/HP is used to
convert the average fan kW to HP. The standard motor efficiency rating for a 1.5 HP motor of 86.5% was
used as a conservative estimate since the average motor size was fractionally larger than 1.5 HP

(1.8249 HP).

High-speed, high-efficiency fans can come with or without guards. Installing a guard on a fan that was
originally tested and sold without a guard will decrease the performance of that fan. The deemed
savings for fans are based on actual test performance data, assuming fans are sold and used as tested.

For peak savings, it was assumed that the temperature is above 50°F and fans are running during the
majority of peak demand hours although the savings algorithm accounts for the fans running at lower
than peak speeds during those peak hours.
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Revision History

01 01/2016 Initial version
02 08/2016 Corrected table headings and typos, added details to Assumptions
03 10/2017 Created tiered structure for multiple levels of efficiency

Updated ventilation fan HOU, efficiencies, and savings figures; added new
04 10/2019 MMIDs to reflect the change in incentive structure from fan diameter (per
inch) to a flat rate per fan
05 10/2020 Removed Tier structure, added variable-speed measure

1 Circulation fans: PA Consulting Group Inc. “State of Wisconsin Public Service Commission of Wisconsin Focus on Energy
Evaluation: Business Programs: Measure Life Study.” Final Report. August 25, 2009.
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

2 Ventilation Fans — Fixed Speed/Variable speed:

California Energy Efficiency Measure Data . “Electric TRM Ventilation Fan, Agricultural Measure.”
https://www.caetrm.com/measure/SWPR001/01/value-table/171498/

3 Wisconsin Focus on Energy. Historical project data, obtained from SPECTRUM. MMID 5086: Average cost of 9 projects from
1/1/2021 to 6/30/2023 is $657.10. MMID 5087: Average cost of 34 projects from 1/1/2021 to 6/30/2023 is $914.94. MMID
5088: Average cost of 8 projects from 1/1/2021 to 6/30/2023 is $1,627.53.10.

4 Wisconsin Focus on Energy. Historical project data, obtained from SPECTRUM. MMID 5089: Average cost of 92 projects from
1/1/2021 to 6/30/2023 is $2,728.65.

5> Bio-Environmental and Structural System Lab at the University of lllinois. “BESS Labs High Speed Fan Performance Criteria.”
Accessed August 27, 2020. http://bess.illinois.edu/

Penn State Extension. “Summer Ventilation: Fan Efficiency and Maintenance.” June 19, 2012.
http://extension.psu.edu/dauphin/news/2012/summer-ventilation-fan-efficiency-and-maintenance

6 Focus on Energy. VFD calculation spreadsheet: “2020 VFD Calc-Business and Ag Measures”

7 “Flow Control.” Westinghouse publication, Bulletin B-851, F/86/Rev-CMS 8121.

8 ABB energy saving spreadsheet tools. ABB Pump Save (version 4.4), previously available
(http://www.abb.com/product/seitp322/5fcd62536739a42bc12574b70043c53a.aspx)

ABB Fan Save (version 4.4), previously available
(http://www.abb.com/product/seitp322/5b6810a0e20d157fc1256f2d00338395.aspx

ABB has replaced both Fan Save and Pump Save with EnergySave Calculator)

® Toshiba Cost Savings Estimator. https://www.toshiba.com/tic/motors-drives/low-voltage-adjustable-speed-drives/hvac
(Click “View Technical Downloads” button, then click “Software” tab in pop-up window, then look for “Cost Savings Estimator”)
10 University of Wisconsin-Madison. “Ventilation and Cooling in Adult Cattle Facilities.” January 7, 2020.
https://thedairylandinitiative.vetmed.wisc.edu/home/housing-module/adult-cow-housing/ventilation-and-heat-abatement/
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Agricultural Fans, Other

L MeasureDetails

Circulation Fan, HS/HE, Fixed Speed:
24-35 inches, non-Dairy, 5090
36-47 inches, non-Dairy, 5091
> 48 inches, non-Dairy, 5092
Measure Master ID Ventilation Fan, HS/HE, Fixed Speed:
36-47 inches, non-Dairy, 5093
> 48 inches, non-Dairy, 5094
Ventilation Fan, HS/HE, Variable Speed:
> 48 inches, non-Dairy, Variable Speed, 5095

Workpaper ID W0266

Measure Unit Per fan

Measure Type Prescriptive
Measure Group Agriculture
Measure Category Fan

Sector(s) Agriculture
Annual Energy Savings (kWh) Varies per fan size
Peak Demand Reduction (kW) Varies per fan size
Annual Therm Savings (Therms) 0

Lifecycle Therm Savings (Therms) | 0

Water Savings (gal/year) 0
Circulation Fan = 15 (MMIDs 5090-5092)*
Effective Useful Life (years) Ventilation Fan = 16 (MMID 5093-5094)*

Ventilation Fan with Variable Speed Drive = 15 (MMID 5095)?
MMIDs 5090-5094 = $150.00°

Incremental Cost (S/unit
(5/unit) MMID 5095 = $210.52 per HP*

Measure Description

Agriculture ventilation and circulation fans are intended to provide minimum ventilation rates and
maintain indoor air quality for a variety of applications including, but not limited to poultry, swine,
greenhouses, and produce storage. Agricultural circulation fans are designed to help provide animal
comfort, control insects in summer, maintain relative humidity levels and maintain indoor air quality
conditions.

Each fan grouping is divided into three levels of energy efficiency based on size and whether a variable
speed drive (VSD) or other method of varying the speed such as an ECM is integral to the fan. Program
incentives vary based on fan type, size and capacity to vary speed.

Description of Baseline Condition

The baseline condition is a ventilation or circulation fan used within an agricultural building of standard
efficiency and 4,000 or more hours of operation per year without the ability to vary the speed of the
motor. The baseline values for each fan grouping are based on a comparison of actual and certified fan
performance information supplied from the BESS labs website as of August 27, 2020.°
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The results of compiling the fan performance data were sorted into fan size groupings, with single- and
three-phase fans combined. The fan baseline (standard) efficiency and energy consumption values are
an average of all non-qualifying fans tested by BESS for each respective fan size grouping. The baseline
comparison performance criteria for each of the fan size groupings is listed in the Fan Average Power
Ratings table.

Description of Efficient Condition

To qualify for a prescriptive incentive, each circulation or ventilation fan must undergo third-party
testing and be rated by BESS labs, an accredited Air Movement and Control Association testing facility,
or other tried party lab in accordance with AMCA/ANSI 210 or 230 test procedures.

The 75th percentile or higher is used as the minimum energy efficiency qualifying standard. Minimum
efficiency for fans are listed in the 75th Percentile Efficiency Threshold column of the Deemed Inputs
and Savings table below.

Annual Energy-Savings Algorithm
Fixed Speed Fans (MMIDs 5090 - 5094):

kW hsaveo = (Faniw sase — Fanw err) * HOU

Where:
Caiobe ———oesapion s Ve ]
Baseline efficiency fan average kilowatt See Fan Average Power Ratings
Fankw sase . s . kw
rating for non-qualifying equipment table below?
See Power Rating columns of
Fanw err High-efficiency fan average kilowatt rating = kW Deemed Inputs and Savings table
below?
HOU Annual hours of operation Hrs 4,000 minimum

Circulation fan baseline power ratings are the average kilowatts for fans below minimum qualifying
efficiencies reported from BESS lab tested fans in stated fan size groupings.® Circulation fan efficient
power ratings are the average kilowatts at or above the minimum qualifying efficiencies, stated in the
Fan Average Power Ratings tables above, from BESS lab tested fans in applicable fan size groupings.®

Ventilation/Exhaust fan power ratings are determined by the same method as the circulation fans, but
at 0.10-inches of static pressure, since this is a critical variable in rating ventilation/exhaust fans.
For Variable Speed Fans (MMID 5095):

e Energy savings for these measures are custom calculated using a spreadsheet tool,® which is
based on an engineering bulletin’ and savings calculators from two different VFD
manufacturers.®®
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e For the energy savings analysis, this tool uses power curves developed from data obtained by
measuring the operating characteristics of various fans and pumps. The curves are
representative of typical VFD operation.

The spreadsheet tool uses this equation:

Power at Design GPM [CFM] = Controlled Horsepower * Conversion Constant [kW/hp] *
Motor Load at Design GPM [CFM] / Nameplate Efficiency

These equations determine energy usage for each capacity level:
Percentage of Design kW = Al + (A2 * Capacity) + (A3 * (Capacity)?) + (A4 * (Capacity)®)
Percentage of Design kW for VFD = A1 + (A2 * Capacity) + (A3 * (Capacity)?) + (A4 * (Capacity)?)

In the equations above, Al, A2, A3, and A4 are variables unique to each “before VFD” control type that
allows for a quadratic equation to be created to represent the load profile. The table below shows values
for A1, A2, A3, and A4.

Equation Variables: Before VFD

T ooy T T

On/Off 100.00000 0.00000 0.00000 0.00000
VFD Fan 5.90000 -0.19567 0.00766 0.00004

Since this is a prescriptive measure with deemed savings, the following inputs were entered into the
VFH hybrid calculator. Deemed savings are in the table below.

VFD Calculator Inputs:

Nameplate Horsepower = 1.8249 (see assumptions)
Motor Nameplate Efficiency = 86.5% (see assumptions)
Annual Operating Hours = 4,000

Type of Flow Control (Controls before VFD) On/Off

Summer Coincident Peak Savings Algorithm

kW saveo= (F ANgw_BASE — F kaw_EFF) * CF

Where:
CF = Coincidence factor (= 1.0)

The coincidence factor for the fixed speed fans is based on the assumption that the outdoor air
temperature is above the desired temperature in barns, greenhouses, and crop storage areas and
therefore ventilation fans are running during an overwhelming majority of peak hours for cooling
purposes.
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Lifecycle Energy-Savings Algorithm
kWhyeeeyee = kWhsaven ¥ EUL

Where:
EUL

Effective useful life (= 15 years for circulation fans?, = 16 years for
ventilation/exhaust fans?, = 15 years for variable speed fans?)

Deemed Savings

Deemed Inputs and Savings

75th
. Power Rating (kW)3
Percentile
Fan Type Diameter o Llfecycle
Efficiency B
ase
Threshold*

24”-35" 5090 15.8 0.479460 0.397576 0.0819 4,913
Circulation 36"-47" 5091 20.0 0.650350 0.514149 545 0.1362 8,172
48"+ 5092 24.5 1.164257 1.003434 643 0.1608 9,649
36”-47" 5093 17.0 0.793860 0.549116 979 0.2447 15,664
Ventilation / 48"+ 5094 21.0 1.438194 1.082097 1,424 0.3561 22,790
Exhaust Variable

5095 N/A N/A N/A 3,686 0.9215 55,288

Speed 48"+

*Circulation fans have units of Ibf/kW, ventilation fans have units of cfm/watt at 0.10” of static

Assumptions
e High-speed, high-efficiency fans can come with or without guards. Installing a guard on a fan
that was originally tested and sold without a guard will decrease the performance of that fan.
The deemed savings for fans are based on actual test performance data, assuming fans are sold
and used as tested.

e The variable speed fan calculations were run using the approved VFD savings calculation
spreadsheet and motor speed profiles for agricultural ventilation/exhaust fans. The variable
speed ventilation/exhaust fan measure uses the average kilowatt fan power ratings for all fans
in the fan diameter range as shown in the BESS lab reports which is 1.3614.° The constant 0.746
kW/HP is used to convert the average fan kW to HP. The standard motor efficiency rating for a
1.5 HP motor of 86.5% was used as a conservative estimate since the average motor size was
fractionally larger than 1.5 HP (1.8249 HP).

e For peak savings, it was assumed that the temperature is above 50°F and fans are running during
the majority of peak demand hours although the savings algorithm accounts for the fans running
at lower than peak speeds during those peak hours.

Revision History

01 10/2020 Initial TRM entry
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1 Circulation fans: PA Consulting Group Inc. “State of Wisconsin Public Service Commission of Wisconsin Focus on Energy
Evaluation: Business Programs: Measure Life Study.” Final Report. August 25, 2009.
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

Ventilation Fans: Average of two sources.

California Energy Commission and California Public Utilities Commission. “Database for Energy Efficient Resources.” June 2,
2008. http://www.deeresources.com/

GDS Associates, Inc. “Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures.” June 2007.
https://library.ceel.org/system/files/library/8842/CEE Eval MeasurelifeStudyLights%2526HVACGDS 1Jun2007.pdf

2 California Energy Commission and California Public Utilities Commission. “Database for Energy Efficient Resources.” February
2014. http://www.deeresources.com/

3 lllinois Energy Efficiency Stakeholder Advisory Group. “lllinois Technical Reference Manual.” Version 4.0. p. 62 referencing ‘Act
on Energy Commercial Technical Reference Manual No. 2010-4.” January 22, 2016. http://www.ilsag.info/il trm version 4.html
4 Evaluator and implementer consensus for setting cost on a per horsepower basis, instead of per motor. For variable torque
VFDs, cost set at $210.52 per horsepower based on 2016 and 2017 data of 1,069 projects.

5> Bio-Environmental and Structural System Lab at the University of lllinois. “BESS Labs High Speed Fan Performance Criteria.”
Accessed August 27, 2020. http://bess.illinois.edu/

Penn State Extension. “Summer Ventilation: Fan Efficiency and Maintenance.” June 19, 2012.
http://extension.psu.edu/dauphin/news/2012/summer-ventilation-fan-efficiency-and-maintenance

6 Focus on Energy. VFD calculation spreadsheet: “2020 VFD Calc-Business and Ag Measures”

7 “Flow Control.” Westinghouse publication, Bulletin B-851, F/86/Rev-CMS 8121.

8 ABB energy saving spreadsheet tools. ABB Pump Save (version 4.4), previously available
(http://www.abb.com/product/seitp322/5fcd62536739a42bc12574b70043c53a.aspx)

ABB Fan Save (version 4.4), previously available
(http://www.abb.com/product/seitp322/5b6810a0e20d157fc1256f2d00338395.aspx

ABB has replaced both Fan Save and Pump Save with EnergySave Calculator)

% Toshiba Cost Savings Estimator. https://www.toshiba.com/tic/motors-drives/low-voltage-adjustable-speed-drives/hvac
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Agriculture, VFD, Milk Pump
I

Measure Master ID VFD, Dairy Milk Pump, Agriculture, 3988
Workpaper ID W0153
Measure Unit Per milking cow
Measure Type Prescriptive
Measure Group Motors & Drives
Measure Category VFD

Sector(s) Agriculture
Annual Energy Savings (kWh) 20.7688 kWh
Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kWh) 311.532 kWh
Lifecycle Therm Savings (Therms) 0

Water Savings (gal/year) 0

Effective Useful Life (years) 151

Incremental Cost ($/unit) $3,0042

Measure Description

Milk pumps in dairy milking operations move the milk into a well-water plate cooler before it flows to
the mechanical cooling system. The milk flow is usually not consistent as it comes from the cows. Since
the load on the milk pump changes as the flow of milk varies during the milking process, quite often
milk may either surge or trickle into the well water plate cooler throughout the milking cycles, reducing
the effectiveness of heat transfer across the plate cooler heater exchanger fins. By slowing the milk
pump flow rate, a greater and more consistent water to milk flow ratio can be achieved, increasing
heat transfer between the milk and well water. A VFD or other variable speed drive provides the
necessary control of the milk pump for a slower, more consistent and more even flow of milk through
the plate cooler. The well water being pumped through the plate cooler to serve as the milk coolant is
assumed to be reused for other farm needs after its use in the plate cooler, typically for animal
consumption.

Description of Baseline Condition
The baseline condition is a milk pump motor operating at full speed to transfer milk from the receiver jar
to the plate cooler without any variable speed milk pump flow control.

Description of Efficient Condition

The efficient condition is to add a VFD to control the milk pump and slow the milk flow through the plate
cooler, increasing effectiveness of the heat transfer between the milk and well water. Slowing down
milk flow can achieve several additional degrees, up to a maximum of 15°F, of milk cooling out of the
existing plate cooler. These few extra degrees of cooling equate to less energy that the refrigeration
system compressor will need to cool the milk to its final storage temperature of around 38°F. The output
milk temperature from the plate cooler, in conjunction with a VFD on the milk pump, can be within 4°F of
well water temperature.?
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Annual Energy-Savings Algorithm

The prescriptive deemed kWh savings are based on an average per pound of milk per day cooled on a

dairy farm as calculated using the hybrid calculations on file with past applications.?

kWhSAVED = le Of Mllk * CP,M|LK * ATNMLK * 365 /AEERCOMP/ 1,000

Where:

N S

Estimated daily pounds of milk produced by dairy

68 pounds of milk per cow;*

Ibs of Milk farm that needs to be cooled through use of a Lb. with the number of milking
milk pre-cooler cows being user defined
Cp,miLk Specific heat of milk Btu/(Ib-°F) 0.94 Btu/(Ib-°F))°

. Average plate cooler milk
Temperature difference of output of plate cooler .
temperature without VFD

milk before and after use of variable speed .
control is 70°F (see

control on milk pump to slow milk pump and
AT increase heat removed from milk through plate °F
ML cooler prior to mechanical refrigeration.

VFD control on milk pump can help decrease milk

Assumptions).

Plate cooler theoretical milk
temperature with VFD control is
52.3°F + 4°F = 56.3°F (final
AT value= 70°F - 56.3°F =
13.7°F).

365 Number of milking days per year® Yrs 365

temperature in plate cooler to within around 4°F
of well water temperature.?

Annual energy efficiency ratio of refrigeration

AEERCQMP Btu/watt * hr 15.39

compressor’
1,000 Conversion factor W/kW 1,000

Summer Coincident Peak Savings Algorithm

There are no summer coincident peak savings for VFD dairy milk pumps. Through research of
refrigeration compressor power demands, no substantial evidence has arisen that any notable kW
demand reduction is possible in relation to using a VFD with a milk pre-cooler to pre-cool milk that
would otherwise need to be chilled through mechanical refrigeration means.

Lifecycle Energy-Savings Algorithm
kWhyeeeyee = kWhsaven ¥ EUL

Where:
EUL = Effective useful life (= 15 years)?

Assumptions
e The electric savings value does not account for the potential of electric savings on the milk
pump itself due to the VFD usage since milk pumps are typically < 2 hp and savings is deemed
minimal compared to savings of the refrigeration compressor. The purpose of installing variable
speed control on a milk pump is not aimed at achieving savings from the pump itself. As such,
these savings are ignored.
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e This measure refers to the use of a VFD to provide milk pump control, however other forms of
variable speed drives are also eligible if they adequately reduce the speed of the milk pump to
achieve higher well water to milk flow ratios (1:1 to 2:1 or 3:1).

e Assumes an even 50/50 split of farms using scroll versus reciprocating compressors to drive the
milk cooling process.’

o Milk temperature from the output of a pre-cooler is based on a weighted percentage of single
and double pass pre-cooler units. Single pass units roughly drop the milk temperature 25°F
while double pass units drop the milk roughly 35°F.% Based on past project data analysis related
to milk pre-cooler application submittals, the latest Wisconsin trend for new pre-cooler
installations is 40% single pass pre-cooler and 60% double pass pre-coolers.’ The estimated
temperature drop for a farm with a pre-cooler = 25°F * 0.4 + 35°F * 0.6 = 31°F.

e Temperature of milk leaving cow is 101°F. Average plate cooler milk temperature without VFD
control is 101°F — 31°F = 70°F. The measure savings are based on the assumption that a well
water temperature of 52.3°F is used as milk coolant.!® It is assumed the lowest milk temperature
that could be achieve would be 56.3°F (or 4°F higher than well water coolant temperature). The
maximum additional cooling for any style of plate cooler in conjunction with a variable speed
controlled milk pump would be up to 15°F of additional cooling.®

e The user-defined input provided for the number of milking cows is assumed to be the average
number of animals being milked throughout the entire year.

Revision History

01 09/2015 Initial TRM entry
Updated measure to be based on number of milking cows. Updated

02 10/2016 ) . .
algorithm inputs. Replaced MMID 3797 with MMID 3988.

! California Energy Commission and California Public Utilities Commission. “Database for Energy Efficient Resources.” February

2014. http://www.deeresources.com/

2 Efficiency Vermont. Technical Reference User Manual. p. 24. August 9, 2013.

3 EnSave. “Milk Pump Variable Speed Drive.” 2011.

http://www.usdairy.com/~/media/usd/public/ensavemilkpumpvariablespeeddrive.pdf

4 U.S. Department of Agriculture. “Milk Production Per Cow.” https://www.nass.usda.gov/

Statistics by State/Wisconsin/Publications/Dairy/Historical Data Series/mkpercow.pdf

5 Hu, Jin. “Determination of Specific Heat of Milk at Different Fat Content Between 1°C and 59°C Using Micro DSC.” Journal of

Food Engineering (February 2009): 90(3). p. 395—

399.-http://www.researchgate.net/publication/234102534 Determination of specific heat of milk at different fat content
between 1C and 59C using micro DSC

6 Wisconsin Milk Marketing Board. “Did You Know? Website: Milking Every Day.” Accessed December 21, 2015.

http://www.dairydoingmore.org/economicimpact/dairyfacts

7 “Dairy Pre-Cooler Supplemental Data.” Compressor Modeling tab created by CESA10 using compressor model data from past

projects submitted to Focus on Energy and Compressor Performance Data sheets from Copeland scroll compressors to

determine the average of the scroll and reciprocating compressors AEER.

8 Sanford, Scott (University of Wisconsin — Madison). “Energy Efficiency for Dairy Enterprises.” Presentation to Agricultural and

Life Sciences Program staff. December 2014. http://

farmenergymedia.extension.org/sites/default/files/Dairy%20Energy%20Conservation-2013.pdf
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9 “Ag VFD Milk Pump Supplemental Data.” Pre-cooler Measure Analysis tab.

Sample data showing split of single pass to double pass plate coolers installed on Wisconsin dairies of 86 pre-cooler projects
entered in SPECTRUM from January 2015 through July 2016.

10 y.S. Department of Energy. “Domestic Hot Water Scheduler.” Average water main temperature of all locations measured in
Wisconsin by scheduler, weighted by city populations.
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Agriculture, VFD, Vacuum Pump

VFD, Dairy Vacuum Pump, Small, Agriculture, 5231
Measure Master ID i i
VFD, Dairy Vacuum Pump, Large, Agriculture, 5232

Workpaper ID W0154

Measure Unit Per milking cow
Measure Type Prescriptive
Measure Group Motors & Drives
Measure Category VFD

Sector(s) Agriculture
Annual Energy Savings (kWh) Varies by measure
Peak Demand Reduction (kW) Varies by measure
Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kWh) Varies by measure
Lifecycle Therm Savings (Therms) 0

Water Savings (gal/year) 0

Effective Useful Life (years) 151

Incremental Cost ($/VFD) Varies by measure?

Measure Description

Vacuum pumps in dairy milking operations create suction to extract milk from the cow and move the
milk to the mechanical cooling system. The vacuum pump is also typically used to flush warm wash
water through the milk pipeline to clean it between milkings to prevent bacteria growth. The load on the
pump changes between attachments (moving milkers from one cow to the next), as one quarter is
emptied and a teat cup drops off, and is affected by how much milk the system is moving at any given
time. An alternate way to provide control of motor systems is to use VFDs, which physically slow the
pump motors to achieve reduced flow rates at considerable energy savings when the suction load drops
in the system.

Description of Baseline Condition

The baseline condition is a vacuum pump motor operating at full speed when in use to handle the
demand of the vacuum pump for milking operation as well as the milk pipeline cleaning needs. The only
control for the vacuum pump for the baseline condition is a conventional type of vacuum pump regulator
that acts to throttle the flow of a vacuum pump to control the suction pressure.

Description of Efficient Condition

The efficient condition is to add a VFD or other variable speed drive to the motor to vary the electric
frequency (Hertz) going to the motor, which allows the speed of the motor to be varied. The variable
speed drive will be automatically controlled by a vacuum or pressure sensor/transducer that measures
the changes in pressure in the milking suction system during milking and wash cycles. A customer can
buy a variable speed vacuum pump from a manufacturer that includes the vacuum pump and all
variable speed control components in one package ready to install in the dairy milk house. A customer
may also retrofit an existing baseline vacuum pump set up by installing an appropriate off the shelf VFD
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and additional sensor/transducer components, if not already present, to achieve the variable speed
control for the pump. Each variable speed vacuum pump setup is different. The VFD controlling the
pump should have its control sequence (typically PID control) tuned to meet the appropriate suction
needs of the milking operation as part of the equipment installation and commissioning process.

Annual Energy-Savings Algorithm

kWh savings are based on herd size. The Small measure includes pumps serving < 500 milking cows, and
the Large measure includes pumps serving 500 - 2,000 milking cows. Based on historical project data,
the average number of cows is 232 for a small herd and 864 for a large herd.? It is noted below where
assumptions vary based on equipment used for small and large milking operations.

kW hsaveo = kW hgase — kW hyip

kWhease = hp * 0.746 * Motor Load / Motor Eff * (HOURSmix + HOURSwasn)
HOURSmik = 365 * MD * HPM
HOURSwas+ = 365 * MD * HPW

kWhyeo = kWwmiwng * HOURSwmik + kW wash * HOURSwas
kWhwiking = 0.05 * %CFMmin * CFMyor + 1.7729 (see Assumptions)

kWwask = 0.05 * CFM1or + 1.7729 (see Assumptions)
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il Daspin s e

hp Motor horsepower of the pump

0.746 Conversion factor

Motor Load Estimated percentage of full load motor runs at
Based on motor horsepower and NEMA

Motor Eff Premium TEFC 1800 RPM full load motor
efficiency ratings

365 Days per year

MD Milkings per day

HPM Hours per milking

HPW Hours per washing

0.05 Formula constant (see Assumptions)®

%CFMu Minimum percent speed required for constant
torque vacuum pump to not overheat

CFMhor Total required suction for milking and washing
needs

1.7729 Formula constant (see Assumptions)®

Summer Coincident Peak Savings Algorithm

hp

kW/hp

Days/yr
Milkings/day

Hrs/milking
Hrs/washing

% CFM

CFM

9.8 hp for Small, 13.6 hp for
Large?
0.746

90%
91.7%
365

2.39 for Small,* 3 for Large,
see Assumptions

4.73 for Small, 4.85 for Large*

0.75%
0.05

35% for Small, 20% for Large,

see Assumptions

79 CFM for Small, 119 CFM
for Large, see Assumptions
1.7729

Small herd size will not have any kW savings because milkings are not likely to occur during peak hours.

For Large herd size:

kW savep = kWhSAVED/ (HOURSMH_K + HOURSWASH) / 864

Where:
864 =

Number of cows for the large herd size (see above)

It is assumed that the same demand power requirements for the vacuum pump are needed during every

milking operation time of day. The three or more times per day operations are assumed to have one of

their milking times occur during the peak hours of 12:00 p.m. to 4:00 p.m. every day.

Lifecycle Energy-Savings Algorithm
kWh eeevee = kWhsaveo * EUL

Where:
EUL =

Effective useful life (= 15 years)!
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Deemed Savings

Deemed Inputs and Savings

. kWh/cow
85 0

VFD, Dairy Vacuum Pump, Small 5231

1,275 $2,803.81

VFD, Dairy Vacuum Pump, Large 5232 54 810 0.0074 $8,517.73

Assumptions

For Small herd sizes (< 500 milking cows), if the total CFM demand of vacuum pump falls below
35% of rated pump speed, the pump motor will start to overheat. Therefore, the pump CFM
produced for milking or washing needs will have to be greater than or equal to 35% of rated
CFM of the pump.® Milking operations need a minimum CFM for kick offs and/or system leaks.
For Large herd sizes (500 - 2,000 milking cows), it is assumed the motor speed can be reduced
down to the point at which it will overheat (20%) and still have adequate CFM capacity.

Large farms milk three times a day for maximum production and milking will take place during
peak hours.

Number of milking units for Small herds is based on an average of SPECTRUM project data
(14.57).2 For Large herds, a 2 x 14 milking parlor (28 milking units) was estimated to correspond
to the average cow herd size by an industry expert.

This measure assumes that the vacuum pump is large enough to produce the total required
suction in CFM needed for all the milking and washing operational needs. Sizing in UW
publication states 3 CFM per milking unit + 35 CFM reserve up to a maximum of 120 CFM. For
Small herds, (14.57 milking units * 3 CFM) + 35 CFM = 78 CFM. For Large herds, (28 milking units
* 3 CFM) + 35 CFM = 119 CFM.%®

It is assumed that a correct-sized VFD is installed to control the vacuum pump properly across its
operating range.

A 2003 paper measured energy usage for variable speed vacuum pumps at four farms with 12 to
32 milking cows each.® The measured usage was [pump kW] = 0.0018 * [liters per minute air
flow] + 1.7729. Converting liters to cubic feet yields [pump kW] = 0.05 * CFM + 1.7729.

Savings based on 365 days per year of milking operations.

User defined input provided for milking units is assumed to be the average number of cows
being milked daily.
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Revision History

01 09/2015 Initial TRM entry
Updated to be based on number of milking cows using new sources and
replaced MMID 3798 with MMID 3987

03 12/2020 Updated cost
Restructured measure into small and large herd size and updated costs,

02 10/2016

04 10/2021 . .

replacing MMID 3987 with MMIDs 5231 and 5232.
05 08/2022 Updated cost
06 10/2023 Clarified milking cow definition.

1 California Energy Commission and California Public Utilities Commission. “Database for Energy Efficient Resources.” February
2014. http://www.deeresources.com/

2 Wisconsin Focus on Energy. Historical project data, obtained from SPECTRUM. Small: average VFD cost for 40 projects, 56
VFDs, from December 2020 to June 2022 is $2,803.81. Large: average VFD cost for 14 projects, 19 VFDs, from January 2021 to
June 2022 is $8,517.73.

3 Wisconsin Focus on Energy. Historical project data obtained from SPECTRUM (March 2019 — May 2021). 38 Small farms and 28
Large farms.

4 Wisconsin Focus on Energy. Historical project data. Sample data of 78 hybrid vacuum pump projects entered in SPECTRUM
from January 2013 through May 2015. 70 Small farms and eight Large farms.

5 Sanford, Scott. University of Wisconsin—Madison. Milking System Air Consumption When Using a Variable Speed Vacuum
Pump. Presented at the ASAE Annual International Meeting, Las Vegas, Nevada, July 27-30, 2003.

6 Sanford, Scott. University of Wisconsin—Madison. Energy Conservation in Agriculture: Vacuum Systems. 2003.

2024 Wisconsin Focus on Energy Technical Reference Manual 42


mailto:focusinfo@focusonenergy.com
http://www.deeresources.com/

@
o f e
i) ocuson . 1 South Pinckneye Suite 340 « Madison WI 53703
Partnering with Wisconsin utilities phone: 800.762.7011 / focusinfo@focusonenergy.com

Swine Farrowing Crate Heater

Swine Farrowing Crate Heater w/Controls, Single, 4939

Measure Master ID i i
Swine Farrowing Crate Heater w/Controls, Double, 4940

Workpaper ID W0249

Measure Unit Per heater

Measure Type Prescriptive

Measure Group Agriculture

Measure Category Controls

Sector(s) Agriculture

Annual Energy Savings (kWh) 828 kWh for MMID 4939, 1,656 kWh for MMID 4940
Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kWh) 4,140 kWh for MMID 4939, 8,280 kWh for MMID 4940
Lifecycle Therm Savings (Therms) 0

Water Savings (gal/year) 0

Effective Useful Life (years) 512

Single Farrowing Crate Heater = $205.00 (MMID 4939), Double Farrowing

Incremental Cost (S/unit
(3/unit) Crate Heater = $360.00 (MMID 4940)3

Measure Description

This measure involves installing a swine farrowing crate heater with controls to keep piglets warm after
birth. The use of heaters reduces mortality rates and increases piglet growth rates. Heaters are designed
to keep the piglets at around 100°F while the sow, adjacent to the piglets, is kept at around 70°F to
maximize comfort and milk production.

The heaters come in a few different styles: one type consists of mats with heating elements. When
placed under the piglets, these mats allow for better control of heating temperatures and more precise
placement of heat. Other models have the heaters placed above the piglets, mounted on the crate wall.
These incorporate a plastic curtain to create a microclimate within that can be controlled at a set
temperature. As they grow or as the ambient air temperature rises, the piglets need less heat. The
heating controls modulate to lower the electrical consumption of the heating elements due to this
reduced need for heat.

Description of Baseline Condition

The baseline condition is heat lamps or ceramic heaters that generate radiant heat and only adjust due
to changes in ambient air temperature. The electrical usage for a baseline single crate unit is typically
175 watts to 250 watts*® and for a baseline double crate unit is typically 350 watts to 500 watts.*®

Description of Efficient Condition

The efficient condition is an energy-efficient swine farrowing heater that is in a farrowing crate directly
under or over the piglets. Qualifying farrowing crate heaters have thermostatic controls. Studies have
shown the average energy consumption per crate for both mats and overarching microclimate heaters,
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such as the FarrPro Haven units, is 60 watts®® for a single crate and 120 watts® > for a double crate when

used with a controller that automatically varies the heat output according to piglet needs.

Annual Energy-Savings Algorithm
kW hsavep = (WattsBASE— WattsEE) / 1,000 = HOU

Where:

aibe ——osmion e e

Average power consumption of baseline heat lamp

Wattsgase Watts
per crate
Average power consumption of energy-efficient

Wattsge . . Watts
measure equipment retrofit per crate

1,000 Conversion factor W/kW

HOU Average annual run hours of farrowing heater Hrs

Summer Coincident Peak Savings Algorithm
There are no peak savings for this measure.

Lifecycle Energy-Savings Algorithm
kW huecveie = kWhsaveo * EUL

Where:
EUL = Effective useful life (= 5 years)'?

Deemed Savings

Average Annual Deemed Savings

Single crate = 175 watts,
double crate = 350 watts*®
Single crate = 60 watts,
double crate = 120 watts®>
1,000

7,2007

e e e L tecre

Single Farrowing Crate Heater 4939
Double Farrowing Crate Heater 4940 1,656

Assumptions

4,140
8,280

e No peak demand reduction is associated with this measure because farrowing heaters are not

guaranteed to be operating during peak demand times.

e All costs were gathered from the manufacturers’ (Kane and Osborne-Stanfield) websites® and

are assumed to be representative of industry-wide costs. FarrPro Haven costs are very similar to

Kane and Osborne-Stanfield costs for both single crate and double crate heaters.

e Annual operation estimates for the number of hours are based on a 20-day average farrowing

cycle and an average of 15 turns (litters of piglets per year) per farrowing stall.” This is a

conservative estimate of the number of turns per stall compared with other published farm

data.
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e The Internal Revenue Service methodology for depreciation of assets that fit the swine
farrowing crate heater! were assumed to be conservative estimates of the equipment EUL. The
manufacturer also recommended five years as a conservative estimate for the EUL of equipment
included in this measure.?

Revision History

01 12/2019 Initial TRM entry
02 02/2020 Added to TRM

1 U.S. Internal Revenue Service. Tax Reform Changes to Depreciation Deduction Affect Farmers Bottom Line: IRS Tax Reform Tax
Tip 2018-170. November 1, 2018. https://www.irs.gov/
newsroom/tax-reform-changes-to-depreciation-deduction-affect-farmers-bottom-line

2 Chris Hanson, Co-Founder and Vice President of Business Development, FarrPro. Personal communication. October 2, 2019.
3 Kane Manufacturing. Website. Accessed June 2019. https://kanemfg.com/products/livestock/hogs/heat-mats-thermostats/
Osborne-Stanfield Livestock and Equipment. Website. Accessed June 2019.
https://osbornelivestockequipment.com/products/stanfield-heat-pads/

4 Michael Glos, Cornell University. “Managing Risk: Using Heat Lamps on the Farm.” April 7, 2014.
https://smallfarms.cornell.edu/2014/04/managing-risk-using-heat-lamps-on-the-farm/

5> Department of Agricultural and Biosystems Engineering, lowa State University. “Pilot-Scale Assessment of a Novel Farrowing
Creep Area Supplementary Heat Source.” October 25, 2019. https://www.mdpi.com/2076-2615/9/11/996

6 Romtek Services. Hog Hearth Heat Mat vs. Heat Lamp Comparison. November 17, 2014. http://hoghearth.com/wp-
content/uploads/2019/09/Hog-Hearth-vs-Heat-Lamps-Test-Report-2014.pdf

7 Department of Agricultural and Biosystems Engineering, lowa State University. “Pilot-Scale Assessment of a Novel Farrowing
Creep Area Supplementary Heat Source.” October 25, 2019. https://www.mdpi.com/2076-2615/9/11/996
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Energy Efficient Grain Dryer
I

Energy Efficient Grain Dryer, 3386
Measure Master ID = .
Energy Efficient Grain Dryer, Propane-Fueled, 4868

Workpaper ID WO0004
Measure Unit Bushels per hour
Measure Type Hybrid
Measure Group Agriculture
Measure Category Dryer
Sector(s) Agriculture
Annual Energy Savings (kWh) Varies
Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Varies
Annual Propane Savings (Gallons) Varies
Lifecycle Energy Savings (kWh) Varies
Lifecycle Therm Savings (Therms) Varies
Lifecycle Propane Savings (Gallons) Varies
Water Savings (gal/yr) 0

Effective Useful Life (years) 20423
Measure Incremental Cost ($/unit) $160.78*

Measure Description

This incentive offering is for agricultural operations that replace their existing grain drying systems with
a more energy-efficient batch or continuous flow grain drying system. Although still operational, the
efficiency of older equipment becomes obsolete in comparison to newer technology and can be more
expensive to operate. Newer grain dryers generally have larger drying capacities, and can process loads
faster and at a greater efficiency. Installing a new and more efficient grain dryer will effectively reduce
the annual hours of operation by allowing for faster processing of grain through increased efficiency.
The purpose of drying grain is to reduce the amount of water contained in the crop after harvest to an
acceptable level for marketing, storage, or processing. This incentive will be provided based on the
bushel per hour processing capacity of the new grain dryer.

While this measure can apply to all types of grain, the focus of this workpaper is on corn, which is the
main use of grain dryers in the state of Wisconsin. This measure is not eligible for new construction,
which should be handled as a custom project.

Agricultural customers will provide the number of acres planted for the upcoming harvest season and
Industrial customers will provide the bushels/year estimated to be dried to calculate the energy savings.

Description of Baseline Condition
The grain dryer’s baseline efficiency (in Btu per pound of water removed) is a default value that is based
on USDA literature? (refer to Baseline Grain Dryer Efficiency and Energy Savings Splits Table).
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The efficiency of grain dryers is very dependent on the weather conditions and time of harvest for each
year. Unfortunately, there is no simple way to depict this information for each individual project and
many assumptions must be made.

Description of Efficient Condition

Since this measure is hybrid, the actual drying efficiency will be calculated for the specific efficient grain
dryer installed, and to the best level possible based on the information provided by the customer and
grain dryer specification sheet. To ensure that the efficient grain dryer is in fact more efficient than the
previous dryer before providing the incentive, Wisconsin Focus on Energy requires that the efficient
grain dryer use at least 250 Btu/Ib H,0 less than the baseline dryer.

The efficiency of a new grain dryer (Btu/lb H,O removed) can be calculated using the formulas provided
in the Annual Energy-Savings Algorithm section, or the efficiency can be provided as trade ally analysis
showing all the inputs and outputs used.

The efficient grain dryer is also required to have at least one of the following features specific to being
more energy efficient than the previous dryer:

e Staged temperature (higher temperature for wettest grain, lower for nearly dry grain)
e Grain turners or inverters (rotate mostly dry grain away from to wetter grain toward plenum)

o Differential grain speed (column designed to move grain next to the drying plenum faster to
reduce excessive grain temperatures and provide a more uniform moisture content)

e Varied width of the drying column (narrower at top where the grain is wettest, allowing humid
air to vent to the atmosphere faster)

e Some form of heat recovery (captures excess heat from cooling section of a grain dryer, where
applicable, and redirects it to help preheat the incoming burner intake air)

e Advanced grain dryer operation controls

Annual Energy-Savings Algorithm

Energy-Savings Calculations:

kWhSAVED,AgT = Acres * Bsh/Acre * Lbspusner * MS% * (EffBASE_EffEE)/3,4‘12 * %Elec

OR
kWhSAVED,Ind = Bsh/Year * LbSguspeL * MS% * (EffBASE—EffEE)/3,4‘12 * 9Elec

GaSSAVED = Acres * BSh/ACT‘Q * LbSBUSHEL* MS% * (EffBASE_ EffEE) / ConvF = %Gas

MS% = Moisture shrink percent, % weight reduction of wet grain as it is dried
= (MCit - MCrinal) / (100% - MCrinat)
= 9.51% (see inputs below)

Effee = Proposed grain dryer efficiency in Btu per pound of water removed®
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CAP

Where:

Grain dryer burner capacity, Btu/h®
1.08 * CFM * (Tp - Ta)

[CAP / EffBURN + (hp * 0.746 *LF / EffMOT * 3,412)] / [BSh/h * (LbSH20,|N|T— LbSHzo, FINAL)]

e Dmin s e

Acres

Bsh/Acre
Bsh/Year

LbsgusheL

MCinir

MCrinaL

Effzase

1.08

CFM

To

Ta

Effaurn

ConvF

hp

0.746
LF

Effmor

3,412

Bsh/hr

Lbswzo, Nt

Number of acres planted per year that will be
dried using the proposed grain dryer

Average number of bushels per acre based on crop
type

Average number of bushels per year to be dried
Bushel weight of corn determined from
agricultural standards

Harvested grain moisture content percentage

Dried grain moisture content percentage

Existing grain dryer efficiency, Btu per pound of
water removed

Constant for sensible heat load equation

Rated blower CFM

Plenum temperature inside dryer at normal
operation

Average outside air temperature during typical
drying times

Combustion efficiency of grain dryer burner

Fuel conversion factor

Main grain dryer blower fan horsepower rating

Conversion factor

Assumed load factor of blower fan

Efficiency of motor, derived from NEMA-rated fan
efficiency tables based on motor horsepower®!
Conversion factor

Bushels per hour of dryer capacity at 100%
operation based on manufacturer rated capacities
for a 5% moisture removal and a 10% moisture
removal, with a finishing moisture of 15%

Initial water weight in a bushel of corn determined
by initial moisture content
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Acres

Bsh/acre
Bsh

Bsh weight

% harvested
moisture

% dried
moisture

Btu/lb

Btu/CFM-°F-hr

CFM

°F

°F

%
Btu/therm
Btu/gallon
hp

kW/hp

hp

Btu/kWh

Bsh/hr

Ibs

User-defined input

175.23

Customer input

566

22.9%’

14.8%’

Deemed by dryer type, see Grain
Dryer Type Efficiency and Energy
Savings Splits table below

1.08

Derived from dryer specification
sheet or user-defined if spec sheet
not available

Derived from dryer specification
sheet or user-defined if spec sheet
not available

Varies by city; see Average Fall
Ambient Temperatures table
below

Assumed to be 95%°

100,000 Btu per therm, = 91,333
Btu per gallon of propane)®
Derived from dryer specification
sheet or user-defined if spec sheet
not available

0.746

Estimated to be 85%

3,412

User-defined, or derived from
dryer specification sheet

MCinit * LbssusheL
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wabe —Dspin s e

Final water weight of a bushel of corn determined "
Lbsk20, FinaL ) . Ibs MCrinaL * Lbsgusher
by final moisture content
See Grain Dryer Type Efficienc
Percentage of total energy consumed that is Y . vp . Y
%Elec . % and Energy Savings Splits table
electric
below
See Grain Dryer Type Efficiency
%Gas Percentage of total energy consumed that is gas % and Energy Savings Splits table

below

Grain Dryer Type Efficiency and Energy Savings Splits?

Continuous Cross Flow Dryer (Tower Dryer) 2,800 98% 2%
Combination High/Low Temperature 1,475 75% 25%
Ambient-Air Bin Dryer (No Heat) 1,500 0% 100%
Low Temperature Bin Dryer 1,650 0% 100%
Continuous Flow In-Bin Dryer 2,000 98% 2%
Mixed Flow Dryer 2,050 98% 2%
Recirculating Cross-Flow Batch Dryer 2,200 98% 2%
High Temperature Batch Bin Dryer 2,430 98% 2%
Batch Cross Flow Dryer 2,450 98% 2%

* Assuming 10% moisture removed

Average Fall Ambient Temperatures'®

Eau Claire 46°F 33°F 40°F
Green Bay 47°F 34°F 41°F
La Crosse 48°F 36°F 42°F
Madison 47°F 34°F 40.5°F
Milwaukee 50°F 38°F 44°F

Summer Coincident Peak Savings Algorithm
Grain drying does not occur during the summer peak time periods, therefore no peak demand savings
can be claimed.

Lifecycle Energy-Savings Algorithm
kWhtecyere = kWhsaveo * EUL

Where:

EUL = Effective useful life (= 20 years, see Assumptions)*3

Assumptions
e The amount of energy savings from grain dryers is based on production; farms that grow and dry
more grain achieve more savings. The amount of grain harvested can be affected by the
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weather and the number of acres of grain planted in a particular year. The need for drying is
also dependent on the weather at the time of harvest, with drier weather requiring less grain
drying. To attempt to control for these variables, the number of acres planted for the upcoming
harvest is collected on the application for agricultural customers and will be used along with
Wisconsin historical crop yields per acre to determine future grain drying output. The average
bushels to be dried per year will be used for industrial customers where grain is grown off-site.

The measure assumes that all grain drying takes place in the late fall months after grain harvest,
typically around October and November.!* While latent heat has a role in the grain drying
process, for purposes of simplification the air ‘sensible’ heat transfer formula is used for grain
dryer efficiency calculations. The savings assume that blower/dryer fans are running at their full
rated speed throughout the entire drying period, as well as that the burner plenum temperature
stays constant throughout entire drying period. Specific electric use for grain dryer conveyors or
augers/stirrers is not included in the calculation. This is accounted for in the Energy Savings Split
Between Gas and Electric table. Finally, grain dryer pricing is based on newer style grain dryers
from one manufacturer that are more energy efficient than older models.

The incentive amount is based on the bushels per hour of drying capacity at an 10% moisture content
reduction for corn.

This entry includes measures for gas—fired equipment eligible to both natural gas and propane
customers. The Code of Federal Regulations,*? upon which federal efficiency standards are
based, defines gas as either natural gas or propane (§430.2 for consumer appliances, and §431.2
for commercial and industrial equipment). Thus, it is assumed that equipment efficiencies, costs,
etc., are equal for both fuel types. Any infrastructure or maintenance costs unique to each fuel
are ignored.

Sources for EUL list a measure life of 30 years® and 10 to 12 years.?* An EUL of 20 years is
deemed.

Revision History

01
02
03
04

05

06

10/2015 Initial TRM entry
03/2018 Added propane measure
11/2019 Minor changes to requirements
11/2020 Updated cost
Added baseline efficiencies table for various dryers, updated moisture content
07/2021 reference, replaced input value of annual bushels with annual acres dried,

removed reference to utility bill method for determining baseline efficiency
Updated the bushel definition and Bsh/Acre value. Algorithm re-worked as a

08/2022 result of the change to bushel definition. Removed trade ally input option for
baseline efficiency and added language regarding industrial dryers.
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1 Shapiro and Moran. Fundamentals of Engineering Thermodynamics. Washington DC: McGraw Hill, 1995. 815. Print.

2 U.S. Department of Agriculture. “Grain Dryer Energy Self-Assessment information, (Grain Drying) Energy Efficiency and Energy
Cost (graph).” http://www.ruralenergy.wisc.edu/conservation/grain_drying/prequalify graindrying.aspx

3 US Department of Agriculture. National Agricultural Statistics Services Quick Stats Ad-hoc Query Tool. Pulled bushels per acre
of corn yields for Wisconsin from 1981 to present (2022). Updated the average of the last five years’ production.
https://quickstats.nass.usda.gov/results/09BAS9EA-3FF1-37AB-9280-E8E180B2A336

4 Wisconsin Focus on Energy. Historical project data, obtained from SPECTRUM. Average unit cost of 15 projects and 15 units
from July 2018 to July 2020 is $160.78.

> Maier, Dirk, and Fred Bakker-Arkema. “Grain Drying Systems.” Paper presented at the Facility Design Conference of the Grain
Elevator & Processing Society, St. Charles, Illinois, July 28-31, 2002. https://fyi.extension.wisc.edu/energy/files/2016/09/Grain-
drying-Systems-GEAPS-2002-secured.pdf

6 In the US, the bushel unit for individual grains are defined by weight, not volumetrically. This was confirmed by industry
personnel involved in Focus on Energy. Bushels, Test Weights, and Calculations, Ohio State University. December 26, 2018.
https://ohioline.osu.edu/factsheet/agf-
503#:~:text=Corn%20was%20assigned%20a%20bushel,and%20fescue%20at%2032%2C%20etc.

7 Wisconsin Focus on Energy. Historical project data, obtained from SPECTRUM. Moisture shrink of 9.51% is derived from the
average grain moisture content percentage (initial and final) from 34 projects with values from 2014 to 2020 is 22.9% and
14.8% respectively.

8 U.S. Energy Information Administration. “Energy Units and Calculators Explained.” Accessed December 2018.
https://www.eia.gov/energyexplained/?page=about_energy units

% Baldor. “The Energy Independence and Security Act of 2007: The Law’s Requirements for 1 to 500 Horsepower AC Motors
Effective December 19, 2010.” January 23, 2009. p. 11. https://www.dekkervacuum.com/assets/1/6/Baldor Reliance EISA1.pdf
NEMA nominal full load efficiencies for 4 Pole 3PH Energy Efficient Motors shown as a table of typical motor efficiencies used in
the energy savings calculations on a per-hp basis.

10 Average Wisconsin air temperatures by city using TMY3 data found from https://www.nrel.gov/grid/solar-
resource/renewable-resource-data.html.Accessed January 15, 2016.

11 Jowa’s Corn Production. Website. March 10, 2013. http://www.iowacorn.org/en/corn use education/faq

12 Electronic Code of Federal Regulations. §430-431. Accessed February 2019. https://
www.ecfr.gov/cgi-bin/text-idx?gp=&S1D=92¢3f99c51e1124fcc790d11c93e04af&me=true&tpl=/
ecfrbrowse/Title10/10ClIsubchapD.tpl
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Grain Dryer Tune-Up
[ MesweDews

Grain Dryer Tune-Up, 5564
Grain Dryer Tune-Up, Propane-Fueled, 5565

Measure Master ID

Workpaper ID W0248

Measure Unit Per grain dryer

Measure Type Hybrid

Measure Group Agriculture

Measure Category Tune-Up / Repair / Commissioning
Sector(s) Agriculture

Annual Energy Savings (kWh) Varies

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Varies

Lifecycle Energy Savings (kWh) Varies

Lifecycle Therm Savings (Therms) Varies

Water Savings (gal/year) 0

Effective Useful Life (years) 1!

Incremental Cost ($/unit) Standard = $276.18 (MMID 5564); Propane-Fueled = $355.40 (MMID 5565)?

Measure Description

This incentive offering is for agricultural operations that service their existing grain drying systems to
improve energy efficiency. Although still operational, the efficiency of grain drying equipment drops as
its components become clogged, dirty, or out of calibration. Cleaning all fans and screens to allow for
increased airflow will effectively reduce the annual hours of operation by allowing for faster process of
grain and increased capacity.? All temperature and moisture sensors will also need to be cleaned and
calibrated to ensure that the equipment controls are functioning properly and at peak efficiencies.! This
incentive will be provided annually as a hybrid measure with a fixed incentive rate and savings based on
the number of acres planted that will be dried in the grain dryer receiving a tune-up.

While this measure can apply to all types of grain, the focus of this workpaper is on corn, which is the
main use of grain dryers in the state of Wisconsin. Also, certain types of grain dryers will benefit more
from the listed tune-up items than others. For this reason, only grain dryers with the highest potential
for savings have been included: tower-style continuous flow dryers, mixed flow dryers, high-
temperature batch dryers, and other styles of dryers with heat recovery c