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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&V) 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 each fall. The fall update
incorporates savings updates from evaluation findings that will be effective for the following calendar
year. The present edition presents deemed savings and inputs effective for calendar year 2017.

1 The Evaluation Team consists of Cadmus, St. Norbert College Strategic Research Institute, Apex Analytics, and

REMI.
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Annual updates keep the TRM relevant and useful by:

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

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

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.

1.

Updates to savings calculations for existing measures are only made in the fall TRM revision. 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 fall TRM.

By publishing all changes to existing measures in the fall update, the TRM is able to inform the
Program Administrator and Program Implementers in program planning for the upcoming year.

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:

a. A clear definition of the measure;
b. A clear description of how the measure saves energy;

c. Acomplete 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; and

d. Citation of all data to valid sources.
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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
offered. As a result, the 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:

1. 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;

T o

Residential multifamily dwellings (such as apartment buildings and condominiums);
c. Commercial facilities;

d. Industrial facilities;

e. Agriculture facilities; and

f. 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

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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customer sectors. For example, research has confirmed that, on average, homeowners,
commercial businesses, and industrial facilities use the same lighting product for different
amounts of time and at different times of the day, resulting in different annual electricity
savings and demand reductions.

2. 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:

a. 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.

b. 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.

C. 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.

3. 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.

4, 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 1:00 p.m. to 4:00 p.m.) in the
months of June, July, and August. 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 expected useful life (EUL) of the measure. 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.
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5. 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.

6. All factual statements and figures throughout the measure description include a superscript
citation. The Sources section lists those citations numerically. 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 Joe Fontaine at the PSC, (608) 266-0910, joe.fontaine@wisconsin.gov.

7. The Revision History Table lists 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.

The calendar year 2016 Business Portfolio includes seven programs designed to meet the needs of
different types of nonresidential customers. Three programs serve nonresidential customers with
different levels of energy use.

1. The Small Business Program serves small business customers with relatively low energy use,
providing free direct installation of measures such as CFLs and exit signs, and offering incentives
for the installation of additional measures.

2. The Business Incentive Program offers product-based and custom incentives for customers
whose energy demand ranges between 100 kW and 1,000 kW per month.

3. The Large Energy Users Program serves customers with high energy use, such as large industrial
firms and large commercial facilities, providing implementation support and incentives designed
to meet each user’s specific energy needs.

In addition, two programs support markets with specialized needs.

1. The Chains & Franchises Program offers incentives and support designed for customers who
have five or more facilities in the State of Wisconsin, such as retail businesses and restaurants.

2. The Agriculture, Schools and Government Program offers specialized incentives and support to
address the needs of public facilities and agricultural producers.

Finally, two programs address areas not covered by other programs.

1. Nonresidential customers who are building new facilities can receive support from the Design
Assistance Program, which connects customers, builders, and developers with experts who can
provide energy-saving recommendations, then provides incentives to customers who
incorporate those recommendations into their new construction.

2. Finally, the Renewable Energy Competitive Incentive Program offers incentives for installing a
renewable energy technology through a competitive Request for Proposal.
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Agriculture

Heat Recovery Tank, No Heating Element, Electric or Natural Gas

Refrigeration Heat Recovery Unit, No Heating Element

Measure Master ID Electric, 3775
Natural Gas, 3774

Measure Unit Per heat recovery tank

Measure Type Hybrid

Measure Group Agriculture

Measure Category Energy Recovery

Sector(s) Agriculture

Annual Energy Savings (kwWh) Varies by measure

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Varies by measure

Lifecycle Energy Savings (kWh) Varies by measure

Lifecycle Therm Savings (Therms) Varied by measure

Water Savings (gal/yr) 0

Effective Useful Life (years) 15!

Incremental Cost (S/unit) $3,674.00?

Measure Description

A refrigeration heat recovery (RHR) unit captures waste heat from the refrigeration system and transfers
some of that heat into water that is pre-heated before entering the water heater. The most popular
units are comprised of a water tank with a heat exchanger wrapped around the outside of the tank. The
hot refrigerant flows through the heat exchanger on its way to the condenser unit. The heat from the
refrigerant is transferred through the tank wall into the water. Thermal buoyancy causes the warmest
water to rise to the top of the tank. When hot water is used, water flows from the refrigeration heat
recovery tank into the water heater, while well water flows into the heat recovery tank. These units can
typically reduce the water heating by 50%.3

If a RHR unit and a plate cooler are both installed, the plate cooler may impact the savings effect of the
RHR unit. A plate cooler will reduce the refrigeration load, diminishing the amount of heat rejection
possible to the RHR system. As such, this measure may not improve energy savings with a dairy herd less
than 100 cows that already has a plate cooler installed. Farms with dairy herds between 100 and 150*
cows will not be able to maximize savings from both technologies, and an energy reduction factor must

CADMUS
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be applied to the RHR energy savings algorithm in this situation. Farms with greater than 150 cows
should be able to maximize savings from both technologies.

Description of Baseline Condition

The baseline is existing farm refrigeration equipment, such as the milk bulk tank chilling system sized for
the milk output requiring cooling, where no refrigeration heat recovery is being used and the water
heater uses well water directly.

Description of Efficient Condition

The efficient condition is farm refrigeration equipment where a RHR unit (without additional heating
element) is installed and heat is rejected from the refrigerant into a pre-heat water tank before
continuing to the condensing unit. The RHR unit is assumed to consume no energy in order to function.

Annual Energy-Savings Algorithm

kWh savings are for electric measures, while therm savings are for natural gas water heaters. The
savings for this measure are based on an average milk production of 70 pounds per cow, per
professional experience and industry standard. When both a plate cooler and an RHR unit are installed,
an energy reduction factor between 0.0 and 1.0 need to be applied when milk output is between 7,000
and 10,500 pound of milk per day.

kWhsavep = Btusaven/3,412
ThermSSAVED = BtUSAVED/].O0,000
Btusaveo = (BtUrecoveren/day * 365)/EF

Bturecoveren/day = Galuzo preneaten/day * 8.34 * AT * SHwarer * ERF

Where:
3,412 = Constant to covert Btu to kWh
100,000 = Contant to convert Btu to therm
365 = Number of milking days per year®
EF = Energy factor (= 90% electric standard efficiency; 59% natural gas

standard efficiency)®

Galw2o rreneaten/Day = Gallons per day preheated, determined from customer application
(= varies)®

8.34 = Constant to covert pounds to gallon of water
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AT

Difference between heated and groundwater temperature, given as:
Temprrr ave - TEMPGROUNDWATER
Where:
Temprurave = Temperature of heated water (= 125°F as approximate
average of two sources)*®
TempsrounowaTer = Temperature of groundwater (= 52.3°F)’
SHwarter Specific heat of water at 60°F (= 1.0 Btu/Ib °F)
ERF = Error Function (= Ib milk/day — 7,000 Ib milk/day)/3,500 Ib milk/day; = 0
if ERF <0.0; = 1.0 if ERF > 1.0)

Summer Coincident Peak Savings Algorithm

There are no summer coincident peak savings for refrigeration heat recovery units. It is assumed that
electric water heaters have a single element and the rating is unchanged when a RHR unit is added,
resulting in no demand reduction.

Lifecycle Energy-Savings Algorithm
kKWhyeecyere = KWhsaveo * EUL

Therms, recyee = Thermssaveo * EUL

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

Sources

1. PA Consulting Group Inc. and Public Service Commission of Wisconsin. Focus on Energy
Evaluation, Business Programs: Measure Life Study. Final Report. August 25, 2009.

2. Wisconsin Focus on Energy. Project data from April 2012 to October 2015 (101 RHR units on 96
projects), average total cost.

3. National Milk Council. “Milk Quality and Saving Energy Can Work Hand-in-Hand.” Accessed
December 8, 2015. http://nmconline.org/articles/energy.htm

4, U.S. Department of Agriculture, Natural Resources Conservation Service. “Refrigeration Heat
Recovery.” Accessed December 8, 2015.
http://www.ruralenergy.wisc.edu/Information.aspx?Q=AM&Def=IMGHR D P2

5. Talbot, Jacob. American Council for an Energy-Efficient Economy. ACEEE Report A121: Market
Transformation Efforts for Water Heating Efficiency. January 2012.

6. AgSG Calc workbook MASTER V1, Milk Precooler — RHR Measure Tab. 2015
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7. 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.
8. Wisconsin Milk Marketing Board. “Did You Know?” Milking Every Day. Accessed December 21,

2015. http://www.dairydoingmore.org/economicimpact/dairyfacts.

9. Agricultural Energy Centre. Heat Recovery from Milk Cooling Systems: Fact Sheet. Accessed
December 22, 2015. http://www.omafra.gov.on.ca/english/livestock/dairy/facts/88-032.htm

Revision History

01 10/01/2015 New measure
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High Speed, High Efficiency Fan, Agriculture

High Speed, High Efficiency Fan, Agriculture:
Circulation Fan:
36 inches to 47 inches, 3767
48 inches to 52 inches, 3768
> 53 inches, 3769

Measure Master ID
Ventilation Fan:
24 inches to 35 inches, 3770
36 inches to 47 inches, 3771
48 inches to 52 inches, 3772
> 53 inches, 3773

Measure Unit Per fan
Measure Type Prescriptive
Measure Group Agriculture
Measure Category Fan
Sector(s) Agriculture
Annual Energy Savings (kWh) Varies
Peak Demand Reduction (kW) Varies
Annual Therm Savings (Therms) 0

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

Water Savings (gal/yr) 0

15 for circulation fans (MMIDs 3767-3769)*
16 for ventilation fans (MMIDs 3770-3773)!
Incremental Cost ($/unit) $150.00?

Effective Useful Life (years)

Measure Description

Agriculture ventilation/exhaust fans are intended to provide minimum ventilation and maintain indoor
air quality for livestock. Agriculture circulation fans are designed to help provide animal comfort, control
insects in summer, and help maintain dry surfaces. Generally, agricultural-grade air circulating fans are
corrosion resistant and designed for easy cleaning. This measure mainly applies to dairy barn fan
installations, but can also be applicable for fans used in other livestock housing areas.

Description of Baseline Condition
The baseline condition is an air circulation fan used within an agricultural building. The baseline values
for each fan grouping were determined from actual fan performance information supplied from the Bio-
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Environmental and Structural System Lab (BESS) at the University of lllinois’ certified fan test results (as
shown when accessed on August 14, 2015).% The results were sorted into fan size groupings, with single
and three phase fan power combined. The fan baseline (standard) efficiency and kilowatt consumption
were determined as the simple average of each value for all respectively listed fan size groupings. The
baseline comparison performance criteria for each of the fan size groupings are shown in the Standard
and High Efficiency Fan Average Power Ratings table below.

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 or through an accredited Air Control and Movement Association testing
facility. The 75th percentile of tested fan size grouping efficiency ratings for both circulation and
ventilation fans tested at BESS labs were used as the initial minimum qualifying efficiency starting point.
Then the actual minimum efficiency requirements were set by adjusting the 75" percentile base slightly
up or down as needed to meet Wisconsin Focus on Energy program needs that these requirments be
comparable to past years’ fan qualifying standards.

Any single fan size minimum efficiency was not allowed to exceed more than 0.5 units higher than the
previous year’s minimum qualifying efficacies. Care was also taken not to raise the minimum standard
high enough to exclude more than 25% of qualifying fans off the previous year’s pre-qualified product
fan list.

Energy Savings Minimum Qualifying Fan Efficiency Requirements

Fan Diameter | Minimum Efficiency for Exhaust and Minimum Efficiency for
(inches) Ventilation Fans Circulation Fans

3770 24 -35 13.7 CFM/watt at 0.10 static pressure
3771, 3767 36-47 17.1 CFM/watt at 0.10 static pressure 18.7 pound force/kW
3772, 3768 48 - 52 20.3 CFM/watt at 0.10 static pressure 23.1 pound force/kW
3773,3769 >53 20.3 CFM/watt at 0.10 static pressure 23.1 pound force/kW

Wisconsin Focus on Energy Technical Reference Manual


mailto:focusinfo@focusonenergy.com

.g . 1 South Pinckneye Suite 340 « Madison W1 53703

focus on energy- phone: 608.230.7000

: ; " . s fax: 608. 230.7035
Partnering with Wisconsin utilities focusinfo@focusonenergy.com

Annual Energy-Savings Algorithm

Ventilation/Exhaust Fans

KWhsavep_vent = (Faniw_easeune_vent — Faniw_ere_vent) * HOURS

Where:

Fanww saseune vent = Ventilation baseline efficiency fan average kW rating at 0.10
static pressure, average of all kW ratings reported from BESS lab
results from testing fans in stated fan size groupings*

Fanw err vent = Ventilation high-efficiency fan average kW rating at 0.10 static
pressure, average of all kW ratings at or above the minimum
qualifying efficiencies, stated in Energy Savings Minimum Qualifying
Fan Efficiency Requirements table above, from BESS lab results from
testing fans in applicable fan size groupings*

Annual hours of operation (= 7,446, or 8,760 * 0.85). Assumed that
ventilation fans operate at least 85% of available yearly hours

HOURS

(conservative to account for likely fan downtime scenarios such as
fan failures/maintenance, when barn is empty due to cow milking,
or intentional shutting off a portion of fixed-speed exhaust fans to
reduce the total exhaust CFM needs in winter times)

Circulation Fans

kWhsaveo_cire = (Fankw_saseune_cire — Fankw_err_circ) * HOURS

Where:

Fanw saseune cre = Circulation baseline efficiency fan average kW rating, average of
all kW ratings reported from BESS lab results from testing fans in
stated fan size groupings®

Faniw err cre = Circulation energy-efficient fan average kW rating, average of all kW
ratings at or above the minimum qualifying efficiencies, stated in
Energy Savings Minimum Qualifying Fan Efficiency Requirements
table above, from BESS lab results from testing fans in applicable
fan size groupings*

HOURS Annual hours of operation (= 3,864)°

According to the professional judgment of experienced 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

CADMUS
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comfort. The HOURS shown above hold most true for dairy barn applications, and is deemed reasonable
to hold true for other uses such as the control of animal comfort.

Standard and High-Efficiency Fan Average Power Ratings*

Ventilation Fan kW Ratings | Circulation Fan kW Ratings
Diameter of Fan (inches)
Baseline / High-Efficiency Baseline / ngh Efficiency

3770 24-35 0.5185/0.3989
3771, 3767 36-47 0.7434 / 0.5443 0.6217 / 0.5534
3772,3768 48 - 52 1.2793/1.0033 1.0908 / 0.9896
3773,3769 253 1.3566 /1.1276 1.2277 /1.1515

Deemed kWh Savings*

Diameter of Fan kWh Savings per kWh Savings per
(inches) Ventilation Fan Circulation Fan

3770 24-35
3771, 3767 36-47 1,482 264
3772,3768 48 - 52 2,055 391
3773,3769 >53 1,706 294

*All deemed savings values are rounded to the nearest integer.

Summer Coincident Peak Savings Algorithm

Ventilation/Exhaust Fans

kWsavep = (Fanw_paseune vent— Faniw err_ vent) * CF

Circulation Fans

kWsaveo = (Faniw_saseuine_cire— Faniw_err_circ) * CF

Where:
CF = Coincidence factor (= 1.0)

It was assumed that for an overwhelming majority of the hours during the peak window for agriculture
fans, it is at least 50°F before circulation or ventilation fans are run, and thus assumed that those fans
are running during peak times (so a CF of 1.0 is justified to claim peak kW).

CADMUS
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Deemed Demand kW Reduction®

Diameter of Fan Demand kW Reduction | Demand kW Reduction
(inches) per Ventilation Fan per Circulation Fan

3770 <36 0.1196
3771, 3767 36 -47 0.1991 0.0684
3772,3768 48 - 52 0.2760 0.1012
3773,3769 >53 0.2291 0.0762

Lifecycle Energy-Savings Algorithm
kWhyeecvere = kWhsaveo * EUL

Where:

EUL = Effective useful life (= 15 years for circulation fans; = 16 years for
ventilation/exhaust fans)?

Deemed Lifecycle kWh Savings

Diameter of Fan Demand kW Reduction | Demand kW Reduction
(inches) per Ventilation Fan per Circulation Fan

3770 <36 14,256
3771, 3767 36-47 23,712 3,960
3772,3768 48 - 52 32,880 5,865
3773,3769 >53 27,296 4,410

Lifecycle savings estimates are based on the assumption that agriculture fans and fan housing are
cleaned regularly (at least once a year).

Sources
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. (Consistent with circulation fan measure MMID 2253). Ventilation fans:
average of 2007 GDS residential measure life report:
http://www.iar.unicamp.br/lab/luz/Id/Arquitetural/interiores/ilumina%E7%E30%20industrial/m
easure_life _GDS.pdf; California Energy Commission and California Public Utilities Commission.

Database for Energy Efficient Resources (DEER) 2008. http://www.energy.ca.gov/deer/ ; and
Cadmus 2013 measure database. (Consistent with ventilation fan measure MMIDs 2628-2638.)
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2. lllinois Technical Reference Manual. 2015. Page 62. Available online:
http://ilsagfiles.org/SAG files/Technical Reference Manual/Version 4/2-13-
15 Final/Updated/lllinois Statewide TRM Effective 060115 Final 02-24-15 Clean.pdf

3. Spectrum. “Spectrum High Speed Fan Project Costs.” Historical project data from April 2012 -
September 2015.

4, Bio-Environmental and Structural System Lab, University of Illinois. “BESS Labs High Speed Fan
Performance Criteria.” Accessed August 14, 2015. Available online: http://bess.illinois.edu/
(Note: The Lbf/kW rating also shows up on BESS labs fan test reports and has been used as the
industry standard in Wisconsin to compare performance between different circulation fans; see:
http://extension.psu.edu/dauphin/news/2012/summer-ventilation-fan-efficiency-and-
maintenance for additional details on how both types of fans are typically rated at 0.10 static

pressure.

5. Wisconsin Focus on Energy Technical Reference Manual, Appendix B: Common Variables,
‘Outside Air Temperature Bin Analysis,” average hours for Wisconsin when > 50°F, October 2015.
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Energy Efficient Grain Dryer

Measure Master ID Energy Efficient Grain Dryer, 3386
Measure Unit Bushels per hour

Measure Type Hybrid

Measure Group Agriculture

Measure Category Grain Dryer

Sector(s) Agriculture

Annual Energy Savings (kWh) Varies

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Varies

Lifecycle Energy Savings (kwWh) Varies

Lifecycle Therm Savings (Therms) Varies

Water Savings (gal/yr) 0

Effective Useful Life (years) 20%°

Incremental Cost (S/unit) $179 per bushel/hr of dryer capacity?

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 with a < 1,500 bushels per hour
capacity. Although still operational, the efficiency of older equipment becomes obsolete in comparison
to today’s 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 process
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. In-
bin drying and tower grain drying are excluded from this measure and should be handled as custom
measures.

While this measure can apply to all types of grain, the main 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.

Description of Baseline Condition
The most accurate way to depict an existing grain dryer’s previous overall baseline efficiency is to
convert one to three years’ of utility electric and natural gas usage (as metered for the grain dryer in
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operation) into Btus. This is then divided by the average number of bushels of grain dried in the given
year and the initial and post-installation moisture content percentages. This calculates the pounds of
water removed, leading to the historical Btu per pound of water removed.

As part of the application,one to three years’ of grain dryer utility history will be requested and required
as part of the supplied documentation for the applied measure.

e Inthe event that utility data for a grain dryer is not able to be provided for past years, a trade
ally analysis of the existing grain dryer efficiency will also be accepted. Most trade ally’s grain
dryer analyses are propriety in nature, but they help determine an estimate of efficiency based
on normal weather temperature/humidity data at the location of grain dryer installation during
the time of harvest/drying. Their analysis should also account for the past harvested grain
moisture contents, pre- and post-installation, as recorded by the customer, as well as the
capacity ratings of the respective dryer (or a dryer similar to the existing dryer if specific
information on the actual existing dryer cannot be obtained).

e If neither utility data nor a trade ally analysis can be provided, a default grain dryer efficiency
value provided from USDA literature®® will be used. This third option is a last resort and will most
likely be the least accurate baseline comparison.

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. The several options for providing information to arrive at a baseline
efficiency value are provided below to help ensure that the most accurate savings are calculated for
Wisconsion Focus on Energy on a project by project basis.

Description of Efficient Condition

Per North Dakota State University Extension Service, the minimum energy required to evaporate water
from corn is approximately 1,200 Btu/Ib H,0, and a realistic dryer maximum efficiency is about

1,500 Btu/Ib H,0.3

Since this measure is hybrid, the actual drying efficiency will be calculated for the specific efficient grain
dryer that is 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 minimum level of grain dryer
efficiency allowed for approval is < 1,950 Btu/Ib H,0 removed. This value was determined based on the
USDA’s typical grain dryer energy efficiency chart,’® showing that the typical efficiency value for all high
temperature grain dryers was at or above 2,000 Btu/Ib H,0 removed. This 2,000 value was adjusted
slightly downward to create a conservative baseline value.

CADMUS
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The efficiency of a new grain dryer (Btu/lb H,0 removed) can be calculated using the formulas provided
below in the Annual Energy-Savings Algorithm section, or the efficiency can be provided as trade ally
analysis showing all of 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:

e Staged temperature (higher temperature for wettest grain, lower for nearly dry grain)

e Grain turners or inverters (rotate mostly dry grain away from plenum to move wetter grain near
plenum)

e 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)

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

Annual Energy-Savings Algorithm
Initial Calculations*

Moisture Shrink (%) = (MC|N|T - MCF|NAL)/(1 - MCF|NA|_)

|bSH20_REMOVED= BushelsinimiaL * |b5/bU|N|T|A|__Mc * Moisture Shrink (%)

The formulas below are used as calculations for the proposed grain dryer only.

Grain Dryer Burner Capacity = 1.08 * Airflow CFM * (Plenum temp - Ambient temp)
Gas Usage Rate (therm/hr) = Grain Dryer Burner Capacity/100,000/burn_eff
Electric Usage Rate (kwh/hr) = Blower Fan hp * 0.746 * Load Factor/motor_eff

GDeroposep_err (BTU/Ib H20) = (Gas Usage Rate * 100,000) + (Electric Usage Rate * 3,412)/(Moisture Shrink %
* Bu/hr * final bushel weight)

Where:

Moisture Shrink (%) = The weight reduction factor of wet grain as it is dried, derived
from user-defined inputs

MCinit = Harvested grain moisture content percentage, derived from
application

CADMUS
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MCrinaL

IbsH20_removen

Bushelsinmiac

|b5/bU|N|T|AL_Mc

1.08
Airflow CFM

Plenum temp

Ambient temp

Dried grain moisture content percentage, derived from application

Pounds of water removed from harvest to post grain drying storage,
derived from user-defined inputs

Number of wet bushels of grain to be dried per year, derived from
user-defined inputs

Bushel weight, determined from grain moisture content percentage
and weight per bushel reference tables®

Constant for sensible heat equations

Rated blower CFM, derived from dryer specification sheet or user
defined if spec sheet not available

Temperature inside dryer at normal operation, derived from dryer
specification sheet or user defined if spec sheet not available

Average ambient temperature of outside air during typical drying
times (= varies by city; see table below)

Average Ambient Temperatures in October and November in Various Wisconsin Cities’

October Average November Average Total Average

Eau Claire
Green Bay
LaCrosse
Madison
Milwaukee

100,000
burn_eff

Blower Fan hp

0.746
Load Factor

motor_eff

47 34 41
48 36 42
47 34 40.5
50 38 44

Constant to convert Btu to therm

Combustion efficiency of the grain dryer burner (= assumed to be
95%)*

Main grain dryer blower fan hp rating, derived from dryer
specification sheet or user defined if spec sheet not available
Constant to convert horsepower to kilowatts

Assumed load factor of blower fan (= estimated as 85%)

Efficiency of motor, derived from NEMA rated fan efficiency tables
based on motor hp®
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Bu/hr = Bushels per hour of dryer capacity at 100% operation based on a 5%
to 10% moisture content reduction, derived from dryer specification
sheet or user defined if spec sheet not available

final bushel weight = Weight of final grain moisture content in Ibs/bu®

Energy-Savings Calculations:

kWhsaveo = (GDexisting_err * LbShao_removen ¥ kWh%_exist/3,412) — (GDproposen_err * LbSHa0_removen *
kWh%_pror/3,412)

Thermssaveo = (GDexisting_err * LbSH20_removen * Therm%_exist/100,000) — (GDprorosep_err * LbSH20_removen *
Therm%_pRop/loo,OOO)

Where:

GDexistiNG_eFr = Existing grain dryer efficiency, or Btu per pound of water removed,
determined from customer utility data and user defined inputs of
bushels dried at specific pre- and post-installation moisture
contents

Lbswao removep = Annual pounds of water removed from grain harvest during drying
process (see Initial Calculations section above)

kWh%_exist = Existing electric use (=Average existing utility bill kWh consumption
* 3,412 / (avgerage existing utility bill kWh consumption * 3,412 +
average user existing utility bill therm consumption * 100,000)

3,412 = Contant to convert Btu to kilowatt-hours

GDprorosep_err = Proposed grain dryer efficiency in Btu per pound of water removed
(see Initial Calculations section above)

kWh%_prop = Proposed electric use (= electric usage rate * 3,412 / (electric usage
rate * 3,412 + gas usage rate * 100,000)

Therm% exst = Existing gas use (=1 - kWh%_gxist)

Proposed gas use (= 1 - kWh%_prop)

Therm%_pRop

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

CADMUS
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Lifecycle Energy-Savings Algorithm
kWh eecyere = kKWhsaveo * EUL

Where:

EUL = Effective useful life (= 20 years; sources list measure life of 30 years! and
10 to 12 years,”® so 20 years was selected as the midpoint)

Assumptions

The amount of energy savings from grain dryers is based on production, so farms that grow and dry
more grain achieve more savings. The amount of grain harvested can be effected by the 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 bushels of grain dried over the past two to three years, as well as the
expected future grain drying output, is collected on the application. This will help control for some of the
variability in savings by using grain drying quantities based on past and future planned harvests.

The measure assumes that all grain drying takes place in the late fall months after grain harvest,
typically around October and November.2 While latent heat plays 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 measure assumes 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. Finally, grain dryer pricing is based on newer style grain dryers from one manufacturer
that are more energy efficient than older models.

Incentive amount will be based on the bushels per hour of drying capacity at a 5% moisture content
reduction.

Sources
1. Shapiro and Moran. Fundamentals of Engineering Thermodynamics. Washington DC: McGraw
Hill, 1995. 815. Print.
2. Average of unit pricing values from Mathews Company Grain Dryer Price Book based on

suggested base retail prices for their new grain dryer equipment offerings. Print.

3. Hellevang, Kenneth, Ph.D., P.E. “Grain Dryer Selection and Energy Efficiency.” Presentation,
North Dakota State University, Department of Agriculture and Biosystems Engineering. Audio:
www.youtube.com/watch?v=B7msJIhMt30 Slides:

https://www.ag.ndsu.edu/graindrying/publications-grain-drying-and-storage
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4, Maier, Dirk, Ph.D., P.E. and F. Bakker-Arkema, Ph.D. “Grain Drying Systems.” 2002. Available
online: http://www.uwex.edu/energy/pubs/GrainDryingSystems GEAPS2002.pdf

5. University of Missouri Extension. “Tables for Weights and Measurement: Crops.”
http://extension.missouri.edu/publications/DisplayPub.aspx?P=G4020

6. NEMA nominal full load efficiencies for four Pole 3PH Energy Efficient Motors, as found on pg.
11 of the linked document. Shown as a table of typical motor efficiencies used in the energy
savings calculations on a per hp basis.
http://www.baldor.com/mvc/DownloadCenter/Files/MS501

7. Average Wisconsin air temperatures by city using TMY3 data found from:
http://rredc.nrel.gov/solar/old data/nsrdb/1991-2005/tmy3/by state and city.html Accessed
on Jan 15™ 2016.

8. lowa Corn Promotion Board/lowa Corn Growers Association. “FAQs.” Last modified 2016.
Accessed March 10, 2013. http://www.iowacorn.org/en/corn_use education/faq

9. lowa State University Ag Extension. “Computing a Grain Storage Rental Rate.” October 10, 2013.
http://www.extension.iastate.edu/agdm/wholefarm/pdf/c2-24.pdf and Maier, Dirk E. and F.W.
Bakker-Arkema. “Grain Drying Systems.” Paper presented at the Facility Design Conference of
the Grain Elevator & Processing Society, St. Charles, lllinois, July 28-31, 2002.

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

Revision History

01 10/2015 New measure

Wisconsin Focus on Energy Technical Reference Manual


mailto:focusinfo@focusonenergy.com
http://www.uwex.edu/energy/pubs/GrainDryingSystems_GEAPS2002.pdf
http://extension.missouri.edu/publications/DisplayPub.aspx?P=G4020
http://www.baldor.com/mvc/DownloadCenter/Files/MS501
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html
http://www.iowacorn.org/en/corn_use_education/faq
http://www.extension.iastate.edu/agdm/wholefarm/pdf/c2-24.pdf
http://www.ruralenergy.wisc.edu/conservation/grain_drying/prequalify_graindrying.aspx

.® . 1 South Pinckneye Suite 340 « Madison W1 53703

focus on energy- phone: 608.230.7000

: i : : — fax: 608. 230.7035
Partnering with Wisconsin utilities focusinfo@focusonenergy.com

Plate Heat Exchanger and Well Water Pre-Cooler

e easure petaits

Measure Master ID Plate Heat Exchanger and Well Water Pre-Cooler, 2491
Measure Unit Per pound of milk
Measure Type Hybrid

Measure Group Agriculture
Measure Category Heat Exchanger
Sector(s) Agriculture
Annual Energy Savings (kWh) Varies

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kWh) Varies

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 15!

Incremental Cost (S/unit) $4,595.00?

Measure Description

A well water pre-cooler is a heat exchanger device used to partially cool milk without the need for
energy intensive mechanical refrigeration. Cold well/ground water, around 52.3°F, is pumped through
one side of a heat exchanger while cow’s milk, at about 98°F, is pumped through the other side of the
heat exchanger. Energy savings are calculated based on the amount of milk temperature reduction
achieved from the heat exchanger, which is heat energy that does not have to be removed from
mechanical refrigeration. This measure is only eligible for new pre-cooler installations, and not
replacement pre-coolers. It is assumed that the warmed output water from the plate cooler is reused
elsewhere on the farm, such as for washing general farm equipment or for animal watering. Little to no
water waste should occur from the pre-cooler water output: farmers’ will reuse this output water for
general farm use to save from pumping additional water for those uses.

Description of Baseline Condition

The baseline condition is a dairy operation without the use of a milk pre-cooler, where milk cooling is
achieved through the use of mechanical refrigeration compressors/chillers. Typically scroll or
reciprocating compressors are used to drive the cooling process.

Description of Efficient Condition

The efficient condition is a dairy operation with a milk pre-cooler unit that allows for using colder well
water to pre-cool milk prior to using mechanical refrigeration to cool the milk down to a final storage
temperature of around 38°F.
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Annual Energy-Savings Algorithm
kWhsaveo = kWhease - kWherop

kWhBASE = |bs of Milk * Cp,Mu_K * AT * 365 / COPCOMPRESSOR / 3,412

Where:

Ibs of Milk = Estimated daily pounds of milk produced by the dairy farm (= user
defined)

Cr,miLk = Specific heat of milk (= 0.94 Btu/(lb-°F))3

AT = Temperature difference between warm milk coming into the plate
cooler and the cooled milk leaving the plate cooler (= 25°F assumed for
a single pass plate cooler; = 35°F assumed for a double/multi-pass plate
cooler)®

365 = Number of milking days per year

COPcompressor =  Coefficient of performance (= 2.46 (~8.4 EER) sssumed for a
reciprocating compressor; = 3.08 (~10.5 EER) assumed for a scroll
compressor)®

3,412 = Conversion factor from Btu to kWh

Summer Coincident Peak Savings Algorithm
There is not enough support to claim summer coincident peak kW savings for plate heat exchangers or
well water pre-coolers.

Lifecycle Energy-Savings Algorithm
KWheecveie = KWhsaveo * EUL

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

Assumptions

The savings calculation does not account for the energy needed to pump the cold well water through
the plate cooler; since the plate cooler output of warmed well water is then used for animal watering,
this water pumping would normally already occur for animal watering needs. The savings are based on
the assumption that all plate cooler water output is reused elsewhere on the farm. Additional
assumptions include:

e Milking operations are assumed to occur 365 days per year.®

e Savings associated from the reduced runtime of condenser/evaporator fans of the mechanical
refrigeration system are not included, thus savings are more conservative. Such variables are
not easy to predict based on the information available.
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e Standard milk to water flow rate of 1:1 assumed, and the pipeline system pipe sizing, milk pump
size, and flow rates are assumed to stay constant from pre-installation.

e All second use warmed water from the output of the well water plate cooler is assumed to be
reused as general wash water to clean farm equipment or for animal watering (dairy cows
consume at least three times more fluid (in water) then they produce as milk).*

e  Milk directly from a cows teat is assumed to be 101°F, then arrives at the input of the pre-cooler
around 98°F due to some natural minimum heat transfer in the milking system pipeline.*

Sources
1. Wisconsin Focus on Energy Evaluation - Business Program: Measure Life Study 2009.
2. 2013 Vermont TRM. Value derived from Efficiency Vermont custom program data 2003-2012.
Available online: http://psb.vermont.gov/sites/psb/files/docketsandprojects/
electric/majorpendingproceedings/TRM%20User%20Manual%20N0.%202015-87C.pdf

3. Journal of Food Engineering. “Determination of specific heat of milk at different fat content
between 1C and 59C using micro DSC”, Jin Hu. (Table 1) (Units converted from J/(g*K) to
BTU/(Ib-°F)) http://www.researchgate.net/publication/234102534 Determination of
specific_heat of milk at different fat content between 1C and 59C using micro DSC

4. Sanford, Scott. “Well Water Pre-Coolers.” http://learningstore.uwex.edu/Assets/pdfs/A3784-
03.pdf

5. Sanford, Scott (Senior Outreach Specialist Biological Systems Engineering at University of

Wisconsin in Madison). “Energy Efficiency for Dairy Enterprises.” Presentation to AgSG program.
December 2014. Supporting slides available online:
http://farmenergymedia.extension.org/sites/default/files/Dairy%20Energy%20Conservation-

2013.pdf (Compressor EER default estimate values were stated in presentation and used in this
workpaper calculation to account for a generic cooling system efficiency with each respective
compressor type)

6. Wisconsin Milk Marketing Board. “Did You Know?: Milking Every Day.” Accessed December 21,
2015. http://www.dairydoingmore.org/economicimpact/dairyfacts.

Revision History

Version Number | Date | Description of Change

01 09/2015 New measure
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Energy Efficient or Energy Free Livestock Waterer

Measure Master 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/yr)

Effective Useful Life (years)
Incremental Cost (S/unit)

Measure Description

Waterer, Livestock:
< 250 Watts, 2660
Energy Free, 3018
Per waterer
Prescriptive
Agriculture
Livestock Waterer
Agriculture

Varies by measure
0 (winter use only)
0

Varies by measure
0

0

10!

MMID 2660 = $787.50;* MMID 3018 = $741.00*

Electrically heated waterers are commonly used to provide clean water for livestock during winter

months when temperatures may drop below freezing. Baseline efficiency waterers typically have no

insulation and require large heating elements to prevent water from freezing. Energy-efficient livestock

waterers have at least two inches of insulation, which allows for the use of much smaller heating

elements (less than 250 watts). Energy-free waterers have at least two inches of insulation and no

heating element, as they use ground source water to prevent freezing.

Description of Baseline Condition

The heating element for a baseline unit is typically at least 750 watts, but may be 1,500 watts or larger.
Retrofit waterer installations, both energy efficient and energy free, use a baseline of 1,100 watts. New
construction waterer calculations use a baseline of 500 watts.

Description of Efficient Condition

Efficient or low energy livestock waterers must have a minimum of two inches of insulation. The heating
element for an efficient unit will be a maximum of 250 watts. The energy-free unit may not have an
electric heating element installed, but instead uses ground source heating. The new waterer must be
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able to serve the same herd size as the existing equipment. For new construction, the livestock waterer
must be energy free.

Annual Energy-Savings Algorithm
kWhsavep = (WattsBAsg WattsEE) / 1,000 * HOURS

Where:
Wattsease = Power consumption of baseline measure equipment (= 1,100 watts for
retrofit; = 500 watts for new installation)?
Wattsee = Power consumption of efficient measure equipment (= 250 watts for
energy-efficient retrofit; = 0 watts for energy-free installation)
1,000 = Kilowatt conversion factor
HOURS = Average annual run hours of heater (= 3,040; annual operation is used

as a conservative estimate of the number of hours below 32°F annually
throughout the State of Wisconsin, consistent with TMY3 bin data)

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

Where:

CF = Coincidence factor (= 0)

Lifecycle Energy-Savings Algorithm
kWhuiecvete = kWhsaveo * EUL

Where:
EUL = Effective useful life (= 10 years)!
Deemed Savings

Average Annual Deemed Savings

[ awe | MMID | Sector | kWh

Energy Efficient Livestock Waterer 2660 Agriculture 2,584
Energy Free Retrofit Livestock Waterer 3018 Agriculture 3,344
Energy Free New Construction Livestock Waterer 3018 Agriculture 1,520
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Lifecycle Energy Savings

> T B T

Energy Efficient Livestock Waterer 2660 Agriculture 25,840
Energy Free Retrofit Livestock Waterer 3018 Agriculture 33,440
Energy Free New Construction Livestock Waterer 3018 Agriculture 15,200

Deemed Peak Demand Reduction

w0 wee ]

All Livestock Waterers 2660 and 3018 0

Assumptions
No peak demand (kW) savings are associated with this measure because heaters are generally only used
during winter months.

Source
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.

2. EnSave. Energy Efficient Stock Waterers.
http://www.usdairy.com/~/media/usd/public/ensaveenergyefficientstockwaterers.pdf

3. lllinois Technical Reference Manual. 2013. Page 70. Available online:
http://ilsagfiles.org/SAG_files/Technical_Reference_Manual/Version_3/Final_Draft/lllinois_Stat
ewide_TRM_Effective_060114_Version_3%200_021414_Final_Clean.pdf .

4. Historical Focus on Energy project data, 2012-2013. 196 waterers on 34 projects, average total
cost of non-energy waterer is $741.00.

Revision History

01 08/2014 Initial TRM entry

Wisconsin Focus on Energy Technical Reference Manual


mailto:focusinfo@focusonenergy.com
http://www.usdairy.com/%7E/media/usd/public/ensaveenergyefficientstockwaterers.pdf

.. . 1 South Pinckneye Suite 340 « Madison W1 53703

@ focus on energy phone: 608.230.7000

. . - - - fax: 608. 230.7035
Partnering with Wisconsin utilities focusinfo@focusonenergy.com

Circulation Fan, High Efficiency, Ag

Measure Master ID Circulation Fan, High Efficiency, Ag, 2253
Measure Unit Per fan
Measure Type Hybrid
Measure Group Agriculture
Measure Category Other
Sector(s) Agriculture
Annual Energy Savings (kWh) Varies
Peak Demand Reduction (kW) Varies
Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kwWh) Varies
Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 15!
Incremental Cost (S/unit) $150.00°

Measure Description

Agriculture circulation fans are designed to destratify air, reduce animal heat stress, control insects, dry
surfaces, and cool people and animals. Generally, agricultural-grade air circulating fans are corrosion
resistant and designed for easy cleaning.

Description of Baseline Condition

The baseline condition is an air circulation fan used within an agricultural building. Calculations are
performed using three separate fan diameter size groupings: 24-35 inches, 36-47 inches, and 48-71
inches. The baseline unit demand is based on the fan size groupings, at 450 watts, 620 watts, and 1,160
watts, respectively.

Description of Efficient Condition

To qualify for a prescriptive incentive, each circulation fan must undergo third-party testing and be rated
through the Bioenvironmental and Structural System Lab at the University of Illinois or through the Air
Control and Movement Association International Lab.
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Annual Energy-Savings Algorithm
kWhSAVED = (CFMEE / VEREE - CFMBASE / VERBASE) * HOURS

Where:
CFMge = New efficient unit flow at 0.10 static pressure in CFM?
VEREe = New unit ventilating efficiency ratio in CFM/watt at 0.10 static pressure
CFMagase = Baseline unit flow at 0.10 static pressure in CFM
VERBgase = Baseline unit ventilating efficiency ratio in CFM/watt at 0.10 static pressure
HOURS = Annual hours of operation (= 2,935)?

Summer Coincident Peak Savings Algorithm
kWsavep = (CFMEee / VERee — CFMgase / VERgase ) * CF

Where:
CF = Coincidence factor (= 1.0)

Lifecycle Energy-Savings Algorithm
kWhuirecvete = kWhsaveo * EUL

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

Sources

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.

2. Deemed savings from lllinois Technical Reference Manual Version 2.0 dated June 7, 2013,
referencing lllinois Act On Energy Commercial TRM No. 2010-4 dated May 31, 2011.

3. lllinois Technical Reference Manual. 2013. Agriculture circulation or exhaust fan incremental
cost (all sizes) is $150.00 each. Available online:
http://ilsagfiles.org/SAG files/Technical Reference Manual/Version 3/Final Draft/lllinois Stat
ewide TRM Effective 060114 Version 3%200 021414 Final Clean.pdf.

Revision History

01 08/2014 Initial TRM entry
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Dairy Refrigeration Tune-Up

Measure Master ID Dairy Refrigeration Tune-Up, 3796
Measure Unit Per pound of milk per day
Measure Type Prescriptive

Measure Group Agriculture

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

Annual Energy Savings (kWh) 0.07

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kwWh) 0.7

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 102

Incremental Cost (S/unit) $260.86*

Measure Description
The tune-up is designed such that an EPA 608 Certified Service Provider assesses all refrigeration
equipment associated with a commercial-grade dairy farm facility with the intention of reducing
electrical consumption.

Description of Baseline Condition
The baseline condition is refrigeration equipment associated with a commercial-grade dairy farm facility
that has not been inspected or tuned up in more than 24 months.

Description of Efficient Condition

The efficient condition is refrigeration equipment associated with a commercial-grade dairy farm facility
that has been inspected and tuned up by an EPA 608 Certified Service Provider. The Service Provider
must abide by all rules and regulations related to refrigerant testing and safety protocol and conduct the
following: clean and inspect condenser and evaporator coils; clean drain pan; inspect/clean fans,
screens, grills, filters and drier cores; inspect/adjust heat reclaim operation; tighten all line voltage
connections; inspect/replace relays and capacitors as needed; and add/remove refrigerant charge as
needed.
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Annual Energy-Savings Algorithm
Energy savings are based on a 4% savings resulting from the refrigeration equipment tune-up.3

kWhSAVED = kWhSAVED/day * 365 days

kWhSAVED/DAY = [|bS m|Ik/day *¥0.94 * AT/(EER * 1,000)] * SF

Where:

365 = Conversion factor, days per year’

Ibs milk/day = Pounds of milk produced at farm facility per day (= 5,048 average)*

0.94 = Specific heat of milk (Btu/Ib °F)®

AT = Change between starting temperature and final temperature (= 47.5°F
Average)?

Starting Temperature = 98°F*
Final Temperature = Varies depending on amount of mechanical cooling
required (see Assumptions)

EER = Energy efficiency ratio of the refrigeration system, in Btu/watt-hour (=
varies by equipment; default values = 8.4 for systems with a
reciprocating compressor and =10.5 for systems with a scroll
compressor, for an average of 9.25)%!

1,000 = Kilowatt conversion factor

SF = Savings factor (0.04)

As an example, when average values are used in the formula above: [[5,048 lbs milk/day * 0.94 * 47.5°F
/(9.25 * 1,000)] * (0.04)] * 365 = 356 kWhsavep. Therefore, kWh savings will be based on 356 kWhsavep /
5,048 Ibs milk/day = 0.07 kWhsaveo/Ib milk/day.

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

Lifecycle Energy-Savings Algorithm
KWheeeveie = KWhsaveo * EUL

Where:
EUL = Effective useful life (= 10 years)?
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Assumptions

The savings factor is a conservative estimate based on a whole refrigeration system tune up. According
to Scott Sanford from the University of Wisconsin-Madison, between 3% and 5% of electrical savings
come from condenser cleaning alone.? In addition to cleaning the condenser, the refrigeration system
tune up involves cleaning the evaporator coils, fans, filters, screens, and grills, as well as inspecting and
adjusting/replacing relays, capacitors, and refrigerant charge.

There are a number of scenarios to consider when determining the change in temperature. Based on a
review of 54 completed projects, 56% had no plate cooler or VFD, 35% had a plate cooler installed, and
9% had a plate cooler and VFD installed on the milk pump. If there is no plate cooler, the milk needs to
be mechanically cooled from 98°F to 38°F (AT = 60°F). A single-pass and double-pass plate cooler
typically drops the milk to an average temperature of 73°F and 63°F, respectively (35°F and 25°F of
mechanical cooling needed to drop to 38°F respectively, for a AT = 25°F - 35°F). Adding a VFD to the milk
transfer pump allows for up to an additional 15°F of free cooling. When installed in addition to a single-
pass plate cooler, the milk temperature would drop to approximately 58°F (20°F of mechanical cooling
needed to drop temperature to 38°F, for AT = 20°F).® Based on the historical project data, the average
change in temperature is 47.5°F.

Sources
1. Historical Data (54 projects), average of May 2013 — July 2015 approved application kWh
savings. Refer to the ‘Dairy Refrigeration System Tune Up Support Doc’.

2. 2014 Database for Energy Efficiency Resources (DEER). EUL listing showing a 10-year measure
life for refrigerant charging (commercial). http://www.deeresources.com.

3. Sanford, Scott. “Energy Efficiency for Dairy Enterprises Presentation.” University of Wisconsin-
Madison. 2005. Slides 16, 18, 21, 25, and 26.- Accessed October 7, 2015.

4. Wisconsin Milk Marketing Board. “Did You Know? Milking Every Day.” Accessed December 21,
2015. http://www.dairydoingmore.org/economicimpact/dairyfacts.

5. Journal of Food Engineering. “Determination of specific heat of milk at different fat content
between 1C and 59C using micro DSC.” Jin Hu. (Table 1) (Units converted from J/(g*K) to
BTU/(Ib*°F)) http://www.researchgate.net/publication/234102534 Determination_ of specific
heat of milk at different fat content between 1C and 59C using micro DSC

Revision History

01 10/2015 New measure
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Boilers & Burners

Steam Fittings and Pipe Insulation

Measure Master ID

Measure Unit

Measure Type

Measure Group

Measure Category

Sector(s)

Annual Energy Savings (kwWh)
Peak Demand Reduction (kW)

Annual Therm Savings (Therms)
Lifecycle Energy Savings (kWh)
Lifecycle Therm Savings (Therms)

Water Savings (gal/yr)
Effective Useful Life (years)

Incremental Cost ($/unit)

Measure Description

Insulation, Steam Fitting, Removable, Natural Gas, 2429
Insulation, Steam Piping, Natural Gas, 2430

Per linear foot (pipe insulation)

Per fitting (fitting insulation)

Prescriptive

Boilers & Burners

Insulation

Commercial, Industrial, Agriculture, Schools & Government
0

0

11.38 (per linear foot pipe insulation)

40.44 (per fitting insulation)

0

113.8 (per linear foot pipe insulation)

404.4 (per fitting insulation)

0

10!

MMID 2429 = $37.63/fitting;* MMID 2430 = $8.40/ft >

Uninsulated steam lines and fittings are a constant source of wasted energy. Adding insulation can

typically reduce energy losses by 90% and will help ensure proper steam pressure and temperatures

where needed. This measure is only for steam pipes in unconditioned spaces, including unconditioned

basements and crawlspaces that are insulated from the conditioned space of the building.

Description of Baseline Condition
The baseline measure is an existing, non-insulated steam pipe or fittings that is part of an HVAC steam
distribution system, with 80% boiler efficiency.

Description of Efficient Condition

Insulation must meet all federal and local safety standards and be rated for the temperature of the pipe
on which it will be applied. Incentives are not intended for replacing existing pipe, insulation but only for
insulating existing bare pipe.
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The pipe being insulated must be at least 0.5-inches in diameter and must carry steam as part of an
HVAC steam distribution system. The insulation thickness must meet 2009 IECC standards,? as outlined
in section 5.3.2.8. For steam pipe with a 1.5-inch NPS or smaller, insulation must be at least 1.5 inches
thick. For steam pipe with an NPS greater than 1.5 inches, insulation must be at least 3.0-inches thick.
This is based on insulation with a K-value that does not exceed 0.27 Btu per inch/h*ft>*°F. Installation
must include a protective jacket around the insulation.

Annual Energy-Savings Algorithm

Savings were calculated using the assumptions listed below and 3E Plus v4.0 software, distributed by
NAIMA (North American Insulation Manufacturers Association).® The 3E Plus software was used to
calculate heat loss rates for bare and insulated pipe thickness per foot. The difference in heat loss is
multiplied by the assumed hours of operation and divided by the boiler efficiency and Btu to therm
conversion to calculate annual natural gas therm savings.

ThermSAVED_pwE = PipelnsuISAVED * LF
PipelnsuISAVED = PipeBARE - Pipe|Nsu|_

Where:

Pipelnsulsaveo Annual energy savings through insulating in therms per linear foot

of pipe (=11.38)
LF = Total linear feet of pipe (=1)

Pipesare = Annual energy consumption for uninsulated pipe calculated with
3E Plus software

PipemsuL = Annual energy consumption for insulated pipe calculated with 3E
Plus software

ThermSAVED_FmNG = FittinglnsuISAVED * NF
FittinglnsuISAVED = FittingBARE - Fittingmsm

Where:

Fittinglnsulsaveo Annual energy savings through insulating in therms per fitting

(= 40.44)

NF Number of fittings (= 1)
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Fittingpare = Annual energy consumption for uninsulated fitting calculated with

3E Plus software

Fittinginsut Annual energy consumption for uninsulated fitting calculated with

3E Plus software

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

Lifecycle Energy-Savings Algorithm
Thermurecycie = Thermsaveo * EUL

Where:
EUL = Effective useful life (= 10 years)!

Assumptions
The pipe or fitting will be hot for 4,000 hours per year.

The NPS is 2 inches. A fitting is equivalent to approximately 3.55 feet of 2-inch pipe.

The system application for this calculation is Pipe — Horizontal/Vertical, with the dimensional standard of
ASTM C 585 Rigid/Flexible.

Sources
1. PA Consulting Group Inc. Public Service Commission of Wisconsin Focus on Energy Evaluation,
Business Programs: Deemed Savings Manual, Final Report. March 22, 2010.

2. 2009 IECC standards.

3. This program is available through NAIMA (North American Insulation Manufacturers
Association) at http://www.pipeinsulation.org/.

4. Actual Program Data, 2015-2016. 20 projects with average actual cost of $37.63 per fitting.

5. Actual Program Data, 2015-2016. 18 projects with average actual cost of $8.40 per foot

Revision History

01 08/2014 Initial TRM entry
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Building Shell

Spring-Loaded Garage Door Hinge

Spring-Loaded Garage Door Hinge:

55 Degree Indoor Temperature Setpoint, 3680
Measure Master ID 60 Degree Indoor Temperature Setpoint, 3681

65 Degree Indoor Temperature Setpoint, 3682

70 Degree Indoor Temperature Setpoint, 3683

Measure Unit Per garage door
Measure Type Hybrid

Measure Group Building Shell
Measure Category Air Sealing
Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 0

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Varies by measure
Life-cycle Energy Savings (kWh) 0

Life-cycle Therm Savings (Therms) Varies by measure
Water Savings (gal/Year) 0

Effective Useful Life (years) 20!

Incremental Cost (S/unit) $228.00°

Measure Description

Overhead doors do not always seal well against weather stripping and gaps may occur that lead to the
loss of energy if the inside space is heated. These gaps can be exacerbated by wind and/or
deterioration of weather stripping with age.

Spring-loaded garage door hinges reduce air infiltration around overhead doors by employing spring-
loaded assemblies that keep overhead door sections pressed tightly against the seals. This eliminates
the loss of energy.

The heavy-duty 12-gauge steel hinges fit most existing commercial doors. Individual door panels can be
custom-adjusted to overcome poor track positioning and warped walls. The measure can be installed as
a retrofit or on new construction.

Description of Baseline Condition
Infiltration is the uncontrolled leakage of air into a building. Air leaking can increase both heating and
cooling costs. The rate of infiltration is driven by how well a building is sealed, the difference in
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temperature between the inside of the building and outside air, and the wind speed. Generally, the
greatest temperature differences and wind speeds occur in winter. Sealed leaks will produce heating
savings. The calculations below estimate heating savings.

The baseline condition is a 1/8-inch gap between the door and the weather stripping on the two vertical
dimensions and one horizontal dimension. The bottom of the door is assumed sealed.

Description of Efficient Condition
The efficient condition is having installed the spring-loaded hinges, and the gap is assumed to be zero
resulting in a net sealed dimension of 1/8 inch.

Annual Energy-Savings Algorithm
Reduced Infiltration (CFM) = A_ * [(Cs * AT) + (Cyw * W,2)]%°

Where:

AL = Effective leakage area reduced, in square inches (= 51; average door
assumed to be 10 feet wide and 12 feet tall; perimeter of top and two sides
is 408 inches; with 1/8-inch gap reduced)

Cs = Stack coefficient (= 0.0299 CFM?/(in* * °F; determined from building height
in stories with average of 2 stories assumed)?

AT = Indoor temperature setpoint minus average outside temperature during
heating season (= 35°F; average outside temperature across Wisconsin
during the heating season, for four locations)*

Cw = Wind coefficient (= 0.0086 CFM?/ in* mph?; determined from how sheltered
the building is from the wind)®

Wi = Average heating season wind speed (= 11 mph)%®

Hourly Heat Load Reduced (Btu/hour) = Reduced Infiltration (CFM) * (60 Min/Hr) * (0.08 Lb/CF) * (0.24

BTU/Ib) * AT
Where:
0.08 = Average heating season air density in Wisconsin (Ib/CF)’
0.24 = Specific heat of air (BTU/Ib)®

Hourly Natural Gas Reduced (therms/hour) = (Reduced Heat Load Btu/hour)/(Heating
Efficiency)/(100,000 Btu/therm)

Where:
Heating Efficiency = Typical non-condensing heating efficiency (= 0.80)°
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Annual Natural Gas Use Reduced (therms/year) = Hourly Natural Gas Reduced (therms/Hrhour) *
(Heating hours/year)

Where:
Heating Hr/Yr = Hours in typical September to April heating season(= 5,840)

Deemed Savings Results

Indoor Temperature Deemed Savings/Door
Setpoint (°F) (Therms/Year)

3680 55 110
3681 60 143
3682 65 179
3683 70 217

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

Lifecycle Energy-Savings Algorithm
thermsrecyce = therms/year * EUL

Where:
EUL = Effective useful life (= 20 years)?

Assumptions

The baseline condition is having a 1/8-inch gap between the garage door and the weather stripping on
the two vertical dimensions and one horizontal dimension. The bottom of the door is assumed to be
sealed. After installing the spring-loaded hinges, the gap is assumed to be zero resulting in a net sealed
dimension of 1/8 inch. Interior space must be heated with natural gas.

The infiltration calculation is based on an ASHRAE model noted in the sources.

Infiltration in residential buildings has been studied extensively, and several calculation techniques have
been produced to estimate annual infiltration rates. However, infiltration in commercial buildings has
not been studied to the same detail, and standard calculations have not been developed for annual
commerical infiltration rates. Therefore, the calculations assume residential-like infiltration.

The interior temperature setpoint is based on individual customer, and will be input by the customer
who selects one of the four options (55°F, 60°F, 65°F, or 70°F). Deemed energy savings will vary
according to the Deemed Savings Results table above. The incentive will not vary by setpoint, so there is
no gain for a customer to report an inaccurate number.
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The average garage door is 10 feet wide by 12 feet tall, based on Wisconsin Focus on Energy installations
done to date.

The EUL is 20 years.! Initial installations of the Green Hinge product have been in the market for at least
fiveyears, and the trade ally claims there have been no failures in that time. The company provides a
lifetime guarantee thus if there is a failure, the customer would likely replace it in kind. The spring
supplier certifies that the spring is good for > 10,000,000 cycles. Conventional garage door hinges
routinely last 20+ years.

The average installation cost is based on the average door size of 10 feet wide by 12 feet tall, with six
panels and five sets of hinges at $28.00/set (trade ally website quote) plus an estimated installation of
$200.00 per door.

Sources
1. Focus on Energy. Evaluation — Business Program: Measure Life Study. 2009.

2. 2009 ASHRAE Handbook — Fundamentals. pg. 16.23.

3. 2001 ASHRAE Handbook — Fundamentals. pg. 26.21 (40).

4. U.S. Climate Data. “U.S. climate data.” Last updated 2016. http://www.usclimatedata.com.
5

Graphiq Inc. “Find Average Wind Speed for US Cities.” Last updated 2016. http://average-wind-
speed.findthebest.com/

6. The Engineering ToolBox. “Air Density and Specific Weight.”
http://www.engineeringtoolbox.com/air-density-specific-weight-d 600.html

7. The Engineering ToolBox. “Properties of Air - temperatures ranging -100 to 1000 °F.”
http://www.engineeringtoolbox.com/air-properties-viscosity-conductivity-heat-capacity-
d 1509.html

8. The Engineering Toolbox. Available online: http://www.engineeringtoolbox.com/specific-heat-

capacity-gases-d_159.html

9. 2015 Vendor Feedback. The average installation cost is based on the average door size of 10
feet wide by 12 feet tall, with six panels and five sets of hinges at $28.00 per set (trade ally
feedback /web quote) plus an estimated installation of $200.00 per door.

Revision History
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Compressed Air, Vacuum Pumps

Compressed Air Controller, Pressure/Flow Controller

Measure Master ID Compressed Air Controller, Pressure/Flow Controller, 2255
Measure Unit Per Compressed Air System

Measure Type Hybrid

Measure Group Compressed Air, Vacuum Pumps

Measure Category Controls

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 178

Peak Demand Reduction (kW) 0.035

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kWh) 2,670

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 15!

Incremental Cost ($/unit) $27.15/hp’

Measure Description

A pressure/flow controller can greatly increase the control of an air storage system. These units, also
called demand valves, precision flow controllers, or pilot-operated regulators, are precision pressure
regulators that allow the airflow to fluctuate while maintaining a constant pressure to the facility’s air
distribution piping network.

Compressed Air System with a Pressure/Flow Controller?

Figure 1. A Compressed Air System with a Pressure/Flow Controller

Wet Receivers Storage Receiver

%ﬂ L Eolies

L 7

= |

T S Pressure/Flow
Ompressors Dryers Controller
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Installing a pressure/flow controller on the downstream side of an air storage receiver creates a
pressure differential entering and leaving the vessel. This pressure differential stores energy in the form
of readily available compressed air, which can be used to supply the peak air demand for short-
duration events, in place of using more compressor horsepower to feed this peak demand.

The benefits of having a pressure/flow controller include:
e Reducing kW of peak demand, especially with multiple compressor configurations.

e Saving kWh by allowing the compressor to run at most efficient loads, then turn itself off in
low/no demand periods.

e Saving kWh by reducing plant air pressure to the minimum allowable. This leads to reduced
loads on the electric motors and greater system efficiency. For every 2 psi reduced in the
system, 1% of energy is saved.

e Maintaining a reduced, constant pressure in the facility wastes less air due to leakage, and less
volume is required by the compressor.

e Ensuring quality control of the process by the constant pressure: machines can produce an
enhanced product quality when the pressure is allowed to fluctuate.

Description of Baseline Condition
The baseline conditioning is having no existing pressure/flow controller and an existing compressed air
system with a total compressor motor capacity 2 50 hp.

Description of Efficient Condition

To qualify for an incentive, the facility must have a compressed air system with motor capacity = 50 hp,
and a pressure/flow controller must be installed on the main pressure header. This measure is not
replacing drop-line regulators or filter-regulator lubricators.

Annual Energy-Savings Algorithm
kWhsaveo = HP * 0.746 / Motor Eff. * Load Factor * HOURS * % decrease

Where:
HP = Compressor motor size in horsepower
0.746 = Conversion factor from kilowatts to horsepower
Motor Eff. = Compressor motor efficiency (= 95%)*

Load Factor Average load on compressor motor (= 89%)3

HOURS

Average annual run hours (= 5,083)*

Percentage decrease in power input (= 5%)°

% decrease
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Summer Coincident Peak Savings Algorithm
kWsaveo = HP * 0.746 / Motor Eff. * Load Factor * % decrease * CF

Where:

CF = Coincidence factor (= 1)°

Lifecycle Energy-Savings Algorithm
kWhuyrecvete = kWhsavep * EUL

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

Sources
1. Estimate from product representative.

2. Industrial Technologies Program. Compressed Air Tip Sheet #9. August 2004.
3. Cascade Energy. Proposed Standard Savings Estimation Protocol for Ultra-Premium Efficiency
Motors. November 5, 2012.

4. United States Department of Energy Office of Energy Efficiency & Renewable Energy. United
States Industrial Electric Motor Systems Market Opportunities Assessment. Pg. 42. December
2002.

5. United States Department of Energy. Improving Compressed Air System Performance: A
Sourcebook for Industry. Pg. 20. November 2003.

6. Army Corps of Engineers. Compressed Air System Survey at Sierra Army Depot, CA. Mike C.J. Lin,
Ahmad R. Ganiji, Shy-Sheng Liou, and Bryan Hackett. November 2000. www.dtic.mil/cgi-
bin/GetTRDoc?AD=ADA384166

7. 71 past projects since 2012, with average cost of $27.15 per hp.
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Compressed Air, Cycling Thermal Mass Air Dryers

Measure Master ID Compressed Air, Cycling Thermal Mass Air Dryers, 2264
Measure Unit Per CFM

Measure Type Prescriptive

Measure Group Compressed Air, Vacuum Pumps

Measure Category Dryer

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 1,430 per 100 CFM

Peak Demand Reduction (kW) 0.281 per 100 CFM

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kwWh) 21,450 per 100 CFM

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 151

Incremental Cost (S/unit) $6.00/CFM7

Measure Description

When air is compressed, it is typically saturated with moisture, which may cause corrosion or
contamination if it condenses in a compressed air system. Compressed air dryers remove moisture from
the compressed air system. Refrigerated dryers are the most common,? which remove moisture by
cooling the air and causing water vapor to condense. Cycled refrigerated dryers turn on and off, or use a
VFD to operate only as needed. Non-cycling dryers will continue to consume energy when drying is not
needed.

Description of Baseline Condition
The baseline for this measure is a non-cycling refrigerated thermal mass air dryer.

Description of Efficient Condition

New dryers must be properly sized to meet the needs of the compressed air system in order to qualify.
New dryers must be cycling or VFD-controlled refrigerated dryers. This measure is only for the
replacement of non-cycled refrigerated dryers with cycled refrigerated dryers. The addition of controls
to existing dryers does not qualify. The replacement of desiccant, deliquescent, heat-of-compression,
membrane, or other types of dryers does not qualify.
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Annual Energy-Savings Algorithm
kWhSAVED = SF * LF * CFM * HOURS

Where:
SF = Savings factor in kW/CFM (= varies by dryer capacity; see table below)
LF = Load factor (= 89%)*
CFM = Cubic feet per minute; the actual rated capacity of air dryer
HOURS = Average annual run hours (= 5,083)°

Savings Factor by Dryer Capacity

Dryer Capacity in CFM Savings Factor (kW/CFM)3

<100 0.00474
2100 and < 200 0.00359
2200 and < 300 0.00316
2300 and < 400 0.00290
=400 0.00272

Summer Coincident Peak Savings Algorithm
kWsavep = SF * LF * CFM * CF

Where:

CF = Coincidence factor (= 1)®

Lifecycle Energy-Savings Algorithm
kWhuirecvete = kWhsaven * EUL

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

Sources
1. Energy and Resource Soultions. Measure Life Study prepared for The Massachusetts Joint
Utilities. 2005. http://rtf.nwcouncil.org/subcommittees/nonreslighting/
Measure%20Life%20Study MA%20Joint%20Utilities 2005 ERS-1.pdf

2. United States Department of Energy. Compressed Air Challenge, Improving Compressed Air
System Performance: a Sourcebook for Industry. Pg. 11. November 2003.

3. Massachusetts Technical Resource Manual for Estimating Savings from Energy Efficiency
Measures. Average of values, pg. 217. October 2010.
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4, Cascade Energy. Proposed Standard Savings Estimation Protocol for Ultra-Premium Efficiency
Motors. November 5, 2012.

5. United States Department of Energy Office of Energy Efficiency & Renewable Energy. United
States Industrial Electric Motor Systems Market Opportunities Assessment. Pg 42. December
2002.

6. Army Corps of Engineers. Compressed Air System Survey at Sierra Army Depot, CA. Mike C.J. Lin,

Ahmad R. Ganji, Shy-Sheng Liou, and Bryan Hackett. November 2000. www.dtic.mil/cgi-
bin/GetTRDoc?AD=ADA384166

7. lllinois Statewide Technical Reference Manual for Energy Efficiency, Version 5.0, Volume 2.
(2016). Page 476. Available online:
http://ilsagfiles.org/SAG files/Technical Reference Manual/Version 5/Final/IL-
TRM Effective 060116 v5.0 Vol 2 C and | 021116 Final.pdf
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Compressed Air Heat Recovery, Space Heating

Measure Master ID Compressed Air Heat Recovery, Space Heating, 2257
Measure Unit Per horsepower

Measure Type Hybrid

Measure Group Compressed Air, Vacuum Pumps

Measure Category Energy Recovery

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 0

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) 58 per HP

Lifecycle Energy Savings (kwWh) 0

Lifecycle Therm Savings (Therms) 870 per HP

Water Savings (gal/yr) 0

Effective Useful Life (years) 151

Incremental Cost (S/unit) Varies by project

Measure Description

The majority of the energy consumed by industrial air compressors is converted to heat, which can
be recovered. Air compressor heat recovery systems are designed to capture waste heat and use it for
space heating, water heating, or process heating. These systems can be installed on both air- and
water-cooled compressors. For air-cooled compressors, ductwork and fans may be installed to send
cool air across the compressor’s after-cooler and oil cooler. The cool air absorbs heat from the
compressor and gets ducted to where it is needed. For water-cooled compressors, a water-to-air or
water-to-water heat exchanger may be used.

Heat recovery systems installed for backup or redundant air compressors do not qualify. The project
must result in an estimated net reduction in facility Btus to be eligible. The static pressure in the area
where the compressor is enclosed must remain the same, since a reduction in static pressure may
reduce compressor efficiency. If outside air is used, anti-freeze protection must be considered.

Description of Baseline Condition
The baseline condition is a compressor without a heat recovery system.

Description of Efficient Condition
The efficient condition is a compressor with a heat recovery system.
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Annual Energy-Savings Algorithm
Thermsaveo = HR * BHP * 2,545 * HOURS * Load Factor / 100,000

Where:
HR = Heat recoverable as a percentage of brake horsepower (= 50%)?
BHP = Compressor motor size, brake horsepower
2,545 = Conversion factor from Btu to BHP/hour
HOURS = Average annual run hours (= 5,083)3

Load Factor=  Average load on compressor motor (= 89%)*

100,000 = Conversion from Btus to therms

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

Lifecycle Energy-Savings Algorithm
Thermrecyce = Thermsavep * EUL

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

Sources

1. PA Consulting Group Inc. Public Service Commission of Wisconsin Focus on Energy Evaluation,
Business Programs: Deemed Savings Manual, Final Report. March 22, 2010.

2. Bonneville Power Administration. Compressed Air System Energy Efficiency Measure
Information Sheet. May 2006.

3. United States Department of Energy Office of Energy Efficiency & Renewable Energy. United
States Industrial Electric Motor Systems Market Opportunities Assessment. Pg 42. December
2002.

4. Cascade Energy. Proposed Standard Savings Estimation Protocol for Ultra-Premium Efficiency
Motors. November 5, 2012.
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Compressed Air Mist Eliminators

Measure Master ID Compressed Air Mist Eliminators, 2258
Measure Unit Per horsepower

Measure Type Hybrid

Measure Group Compressed Air, Vacuum Pumps
Measure Category Filtration

Sector(s) Commerecial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 71

Peak Demand Reduction (kW) 0.014

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kwWh) 710

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 5 (new construction), 3 (retrofit)?
Incremental Cost (S/unit) $21.55/hp’

Measure Description

Large compressed air systems require air filtration for proper operation. These filters remove oil mist
from the supply air of lubricated compressors, protecting the distribution system and end-use devices.
While these filters are important to the operation of the system, they do have a pressure drop across
them, and thus require a slightly higher operating pressure. Typical coalescing oil filters will operate with
a 2 psig to 10 psig pressure drop. Mist eliminator air filters operate at a 0.5 psig pressure drop that
increases to 3 psig over time before replacement is recommended.

This reduction in pressure drop allows the compressed air system to operate at a reduced pressure and,
in turn, reduces the energy consumption of the system. In general, the energy consumption will decrease
by 1% for every 2 psig the operating pressure is reduced.? Lowering the operating pressure has the
secondary benefit of decreasing the demand of all unregulated usage, such as leaks and open blowing.

The equipment is mist eliminator air filters. The compressed air system must be greater than 50 hp to
qualify, and the mist eliminator must have less than a 1 psig pressure drop and replace a coalescing
filter.

Description of Baseline Condition
The baseline measure is a standard coalescing filter.

CADMUS

Wisconsin Focus on Energy Technical Reference Manual 45



mailto:focusinfo@focusonenergy.com

.. . 1 South Pinckneye Suite 340 « Madison W1 53703

@ focus on energy- phone: 608.230.7000

. . - - - fax: 608. 230.7035
Partnering with Wisconsin utilities focusinfo@focusonenergy.com

Description of Efficient Condition
The efficient condition is a mist eliminator air filter that replaces a standard coalescing filter.

Annual Energy-Savings Algorithm
kWhsavep = HP * 0.746 / Motor Eff. * Load Factor * HOURS * % Savings

% Savings = Totalpr * RS

Where:
HP = Compressor motor size horsepower
0.746 = Conversion factor from HP to kW
Motor Eff. = Compressor motor efficiency (= 95%)>

Load Factor=  Average load on compressor motor (= 89%)?

HOURS = Average annual run hours (= 5,083)3

% Savings = Percentage of energy saved (= 2%)*

Totaler = Total pressure reduction from replacing filter (= 4 psig)*

RS = Percentage of energy saved for each psig reduced (= 0.5%)°

Summer Coincident Peak Savings Algorithm
kWsavep = HP * 0.746 / Motor Eff. * Load Factor * % Savings * CF

Where:

CF = Coincidence factor (= 1; compressed air systems run during peak
demand)®

Lifecycle Energy-Savings Algorithm
kWhuirecvete = kWhsaven * EUL

Where:
EUL = Effective useful life (= 10 years)?

Sources
1. Massachussetts TRM 2013. http://ma-eeac.org/wordpress/wp-
content/uploads/TRM PLAN 2013-15.pdf .Savings based on low pressure "mist eliminator"
filters; Based on typical replacement schedules for low pressure filters (NSTAR staff estimates)

2. Cascade Energy. Proposed Standard Savings Estimation Protocol for Ultra-Premium Efficiency
Motors. November 5, 2012.
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7.

United States Department of Energy Office of Energy Efficiency & Renewable Energy. United
States Industrial Electric Motor Systems Market Opportunities Assessment. Pg. 42. December
2002.

Sullair Corporation. Compressed Air Filtration and Mist Eliminators Datasheet. Available online:
http://www.amcompair.com/products/brochures/sullair_brochures/ Sullair%20filtration.pdf.

United States Department of Energy. Improving Compressed Air System Performance: A
Sourcebook for Industry. Pg. 20. November 2003.

Army Corps of Engineers. Compressed Air System Survey at Sierra Army Depot, CA. Mike C.J. Lin,
Ahmad R. Ganiji, Shy-Sheng Liou, and Bryan Hackett. November 2000. www.dtic.mil/cgi-
bin/GetTRDoc?AD=ADA384166

Actual Program Data, 2014-2015. 24 projects, average cost of $21.55 per hp installed.
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Compressed Air Nozzles, Air Entraining

Measure Master ID
Measure Unit
Measure Type
Measure Group
Measure Category

Compressed Air Nozzles, Air Entraining, 2259
Per nozzle

Prescriptive

Compressed Air, Vacuum Pumps

Nozzle

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 4,800

Peak Demand Reduction (kW) 1.8

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kwWh) 72,000

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 151

Incremental Cost (S/unit) $36.42/nozzle®

Measure Description

Engineered nozzles, also known as air entraining nozzles, reduce the amount of compressed air required
for cleaning, cooling, drying, and blowoff applications. These nozzles use the coanda effect to pull in free
air and accomplish tasks with up to 70% less compressed air. Engineered nozzles often replace simple
copper tubes, and have the added benefits of reducing noise due to the use of laminar airflow and
producing a safer workplace due to the elimination of potential skin contact with high pressure air.

Description of Baseline Condition
The baseline condition is a standard efficiency compressed air system operating at an efficiency of 0.16
kW/scfm?for a minimum of 2,000 hours per year. Compressed air pipe flow rates are standard.?

Description of Efficient Condition
Nozzles must be engineered and usage must be 2,000 hours or greater to qualify.

Annual Energy-Savings Algorithm
kWhsavep = Eff * (Open Flow — Eng. Flow) * HOURS

Where:
Eff

Efficiency of standard air compressor (= 0.16 kW/scfm)

Open Flow Flow of copper pipe nozzle (= 21 scfm)
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Eng. Flow = Flow of engineered nozzle (= 6 scfm)
HOURS = Average annual run hours (= 2,000)

Summer Coincident Peak Savings Algorithm
kWsaveo = Eff * (Open Flow — Eng. Flow) * CF

Where:
CF = Coincidence factor (= 0.75)*

Lifecycle Energy-Savings Algorithm
kWhuirecvete = kWhsaveo * EUL

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

Assumptions
The nozzle flow rates are averages based on available published data from engineered nozzle
manufacturers. The savings assume a 1/8-inch diameter open tube.?

Sources
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.

2. United States Department of Energy. Improving Compressed Air System Performance. Pgs. 48-49.

3. Franklin Energy Services, LLC. Personal communications regarding engineering approximation
based on field observation.

4. Technical Reference Manual for Ohio Senate Bill 221 Energy Efficiency and Conservation
Program and 09-512-GE-UNC. October 15, 2009.

5. The 2,000 hours is the minimum (and most conservative) run hours needed to qualify for this
measure and agreed upon by the PSC, Cadmus, Administrator, and Implmenters.

6. Focus on Energy Historical Project Data. 2013.
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Compressed Air System Leak Survey and Repair

Compressed Air System Leak Survey and Repair:
Year 1, 2261
Measure Master ID Year 2, 2262
Year 3, 2263
Year 4 and Beyond, 3598

Measure Unit Per CFM

Measure Type Hybrid

Measure Group Compressed Air, Vacuum Pumps
Measure Category Tune-up / Repair / Commissioning
Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) Varies by capacity and leak size
Peak Demand Reduction (kW) Varies by capacity and leak size
Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kWh) Varies by capacity and leak size
Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 2!

Incremental Cost (S/unit) Varies by measure, see Appendix D

Measure Description

For the compressed air system survey and repair measure, the facility’s compressed air system is
analyzed and areas are identified with opportunity to reduce leakage and energy consumption and gain
efficiency through an improved equipment control strategy or equipment replacement.

Description of Baseline Condition

The baseline condition is determined by surveying the existing compressed air system. This involves
identifying the number and types of compressors used; their nominal hp, scfm, or psig; and the controls
associated with each compressor.

Description of Efficient Condition

In order to qualify for an incentive, the customer must repair one leak for every five connected
compressor horsepower. If less than one leak per every five horsepower is identified, then all identified
leaks must be repaired. The customer may provide a written explanation for a leak that cannot be
repaired and may still qualify for an incentive. The customer must provide a leak log in the form of a
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spreadsheet so that the number of repairs and associated savings can be checked and calculated using
the method outlined below.

Annual Energy-Savings Algorithm

This hybrid measure is designed to determine the kWh losses associated with the distribution of air
system leaks. The required calculation inputs provide the estimated system CFM capacity and the
associated CFM losses associated with the number of identified leaks. A leak survey will results in the
input values for the leak sizes and quantities. The annual energy savings and percentage of existing
system losses, along with the grant calculations, are provided as outputs.

The general calculation methodology is:

kWhsaveo = (10,655 * [($/kWh) / 0.06] / 104 * OpPressure * (HOURS / 8,760) * ACFM Loss) / ($/kwWh)))

ACFM Loss = #ofLeaks * (CFM/leak)

Where:

10,655 = Cost of 104 CFM compressed air leak at $0.06/kWh operating for
8,760 hours

S/kWh = Unit rate for electricity (= $0.06 or participant input)

0.06 = kWh Srate

104 = Total CFM loss from 1/4-inch leak at 100 psig

OpPressure = Adjustment factor for current operating pressure (= varies by
operating pressure; see table below)

HOURS = Average annual run hours (= user input)

8,760 = Total hours per year

ACFM Loss = Total CFM lost in whole system (=varies by leak size; see table
below)

#oflLeaks = Number of leaks at each orifice size

CFM/leak = CFM of air lost at particular orifice size from decibel reading

(= varies by decibels; see table below)

Adjustment Factor for Operating Pressure (100 psig = 1.0)3

OpPressure
(psig)

Factor 0.725 0.7625
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CFM Look-Up by Leak Orifice Size®

Leak
pe . 70 75 100 110 125
Orifice Size

1/64” 0.29 0.31 0.32 0.34 0.36 0.38 0.40 0.44 0.48
1/32” 1.16 1.21 1.26 1.36 1.46 151 1.55 1.75 1.94
1/16” 4.66 4.95 5.24 5.48 5.72 6.02 6.31 6.99 7.66
1/8” 18.62 19.69 20.76 21.93 23.10 24.16 25.22 27.94 30.65
1/4” 74.40 78.75 83.10 87.55 92.00 96.45 100.90 111.55 122.20
3/8" 167.80 177.50 187.20 196.90 206.60 216.80 227.00 251.25 275.50
1/2” 296.00 309.00 322.00 350.50 379.00 397.00 @ 415.00 @ 460.50 506.00

Decibel Readings vs. CFM?

Digital Reading 100 PSIG 75 PSIG mm 10 PSIG
0.5 0.3 0.2 0.1

10dB 0.05
20dB 0.8 0.9 0.5 0.3 0.15
30dB 1.4 11 0.8 0.5 0.4
40 dB 1.7 14 11 0.8 0.5
50 dB 2.0 2.8 2.2 2.0 1.9
60 dB 3.6 3.0 2.8 2.6 2.3
70 dB 5.2 4.9 3.9 3.4 3.0
80 dB 7.7 6.8 5.6 5.1 3.6
90 dB 8.4 7.7 7.1 6.8 5.3
100 dB 10.6 10.0 9.6 7.3 6.0

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

Lifecycle Energy-Savings Algorithm
kWhurecvete = kWhsavep * EUL

Where:

EUL = Effective useful life (= 2 years)?

CADMUS
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Assumptions

Efficiency of Compressor Types:
e Single-Stage: 3.8 CFM/hp
e Two-stage: 4.8 CFM/hp
e Rotary: 5.2 CFM/hp

Sources
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. Each
year's tune-up should last two years.
2. UE Systems, Inc. Compressed Air Ultrasonic Leak Detection Guide. Available online:
http://www.plantsupport.com/download/UCAGuide.pdf.

3. U.S. Department of Energy. http://www1.eere.energy.gov/manufacturing/
tech assistance/pdfs/compressed air3.pdf (originally from: Used with permission from
Fundamentals of Compressed Air Systems Training offered by the Compressed Air Challenge®.)"
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Compressed Air Condensate Drains, No Loss Drain

Measure Master ID Compressed Air Condensate Drains, No Loss Drain, 2254
Measure Unit Per drain

Measure Type Prescriptive

Measure Group Compressed Air, Vacuum Pumps

Measure Category Other

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 1,525

Peak Demand Reduction (kW) 0.24

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kwWh) 30,500

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 20!

Incremental Cost (S/unit) $42.00/ton”

Measure Description

Air condensate drains, also referred to as traps, allow for water in the form of condensation to be
removed from compressed air systems. Undrained water may interfere with the flow of compressed air
and may also corrode the piping or tank.

Manual or automatic drains may be used. A manual drain is typically a simple valve that is opened by an
operator. Level-operated mechanical drains are automatic and should not waste air if properly
maintained, but they do require maintenance. Electrically operated solenoid drains use a timing device
to open an orifice for a programmed amount of time, regardless of the level of condensate. Each of
these types of drains may waste compressed air, and each can be replaced with no air-loss drains that
automatically remove condensate without waste.

Description of Baseline Condition
The baseline measure is a timed solenoid drain.

Description of Efficient Condition

The efficient condition is a no loss air drain used in a system with load/no-load, variable speed, variable
displacement, or centrifugal compressors. Load/no-load compressors must have adequate storage for
drains to be eligible. Manual drains, lever-operated mechanical drains, and solenoid drains are not
eligible for incentives. No loss drains must be rated to remove the necessary amount of condensate
without any loss of compressed air.
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Annual Energy-Savings Algorithm
kWhSAVED =SF * HOURS

Where:

SF
HOURS

Saving factor in kilowatts per drain (= 0.3)?

Average annual run hours (= 5,083)*
Summer Coincident Peak Savings Algorithm
kWSAVED= SF * CF
Where:
CF = Coincidence factor (= 0.80)?
Lifecycle Energy-Savings Algorithm
kWhurecvete = kWhsaveo * EUL
Where:
EUL = Effective useful life (= 20 years)*
Sources

1. 2011 Xcel Colorado DSM Plan. https://www.xcelenergy.com/staticfiles/xe/Regulatory/
Regulatory%20PDFs/2011-CO-DSM-Plan.pdf.

2. TecMarket Works. New York Standard Approach for Estimating Energy Savings from Energy
Efficiency Programs. Pgs. 193 and 194. October 15, 2010.

3. U.S. Department of Energy Office of Energy Efficiency & Renewable Energy. United States
Industrial Electric Motor Systems Market Opportunities Assessment. Pg. 42. December 2002.

4. TecMarket Works, New York Standard Approach for Estimating Energy Savings from Energy
Efficiency Programs, October 15, 2010, page 13.

5. Costs in Six Northeast and Mid-Atlantic Markets. $42.00 is cost of 150 Ton Water-Cooled
Scroll/Screw Chiller Incremental Cost/Ton. Baseline Efficiency= 0.78 kW per ton and Efficient
Condition = 0.68 kW per ton. Available online: http://www.neep.org/incremental-cost-study-
phase-2
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Domestic Hot Water

Water Heater, High Usage, 2 90% TE Gas Storage / 2 2 EF Electric Heat Pump

Water Heater, High Usage:
290% TE, K-12 School, 3684
Measure Master ID >90% TE, Natural Gas, 3045
> 0.82 EF, Tankless, Natural Gas, 3046
> 2 EF, Heat Pump Storage, Electric, 3047

Measure Unit Per heater

Measure Type Hybrid

Measure Group Domestic Hot Water
Measure Category Water Heater
Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) Varies by facility type
Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Varies by facility type
Lifecycle Energy Savings (kWh) Varies by facility type
Lifecycle Therm Savings (Therms) Varies by facility type
Water Savings (gal/yr) 0

13 (MMIDs 3684 and 3045)*
15 (MMIDs 3046 and 3047)2

Incremental Cost ($/unit) Varies by measure, see Appendix D

Effective Useful Life (years)

Measure Description

This measure is installing a new high-efficiency water heater unit in new construction or in place of an
older existing water heater. The new high-efficiency water heater delivers the same amount of hot
water at the same temperature as the existing or baseline unit.

Description of Baseline Condition

The baseline condition is a new conventional electric or natural gas storage water heater intended for
service in commercial and industrial buildings (as new DHW heaters are only installed when the existing
unit has failed, or is judged to have reached its end-of-life condition). Per the ACEE “Market
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Transformation Efforts for Water Heating Efficiency” report,® the following efficiency ratings are
assumed:

e Electric DHW Heater: 0.90 EF
e Natural Gas DHW Heater: 0.59 EF
e Natural Gas DHW Heater: > 0.67 EF

High usage applications are required to meet the annual operation and usage requirements for one or
more of the categories shown in the table below.

Annual Operation and Usage in High Usage Applications

Annual Operation Usage
Category Subcategory L. L.
(Minimum Days/Year) (Minimum)

. Full Service Restaurant Fast Food >300 Meals/Day (= 300)
Food Service -
Cafeteria > 175 Meals/Day (= 300)
. Dormitory >200 Beds (> 50)
Lodging
Hotel/Motel > 300 Rooms or Beds (= 30)
Hospital >300 Beds (> 30)
Healthcare -
Nursing Home >300 Beds (> 30)
Laundry Laundromat >300 Washes/Day (= 30)
Food Sales Super Market > 300 N/A
Education K-12 Schools >180 Students/Building (= 300)
Prisons Housing >200 Housed Inmates (> 50)

Description of Efficient Condition
The efficient condition is one of the following types of new energy-efficient DHW heaters:

Qualifying Natural Gas Equipment:

e 0.82 EF Natural Gas Tankless Water Heaters: To be able to heat water 70°F or more virtually
instantaneously, most natual gas tankless water heaters have an input of 100,000 Btu/hour or
higher. Their major advantage is having no standby heat losses, which have to be made up by
the heater firing whenever the water temperature drops below a set point. In addition, these
heaters are typically installed close to the location where hot water is needed, which minimizes
losses from the hot-water delivery piping.

e 90% Thermal Efficiency® Condensing Natural Gas Storage Water Heaters: Condensing natural
gas storage water heaters are designed to capture the latent heat from water vapor created
when natural gas is burned. Conventional natural gas storage water heaters allow water vapor
to leave the device, and therefore the latent heat is not captured; this means condensing
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natural gas heaters have a higher efficiency. Because flue gases have been significantly cooled,
condensing natural gas water heaters require the use of a fan to propel combustion products
gases through the exhaust flue.

Qualifying Electric Equipment:
e 2.0 EF ENERGY STAR-Qualified Integrated Heat Pump Water Heaters
e 2.0 EF Add-On Heat Pump Water Heaters

The EF rating for residential water heaters was developed per a U.S. DOE rulemaking process, and is
therefore based on a test profile that represents the water usage pattern in a typical residence. There is
a general consensus that this profile is not appropriate for rating the newer types or storage types of
DHW heaters, and a U.S. DOE-sponsored committee is developing a better test procedure and profile.

High usage, condensing, natural gas storage water heaters are not EF rated. For calculation purposes, an
EF of 0.8 is used for condensing storage water heaters in high usage applications.?

Annual Energy-Savings Algorithm
Btusaveo = GPY * 8.33 * 1.0 * AT * [(1/EFsaseune) — (1/EFerricient)]

For electric water heaters: kWhsaveo = Btusaven / 3,412

For gas water heaters: Thermssaveo = Btusavep / 100,000

Where:

GPY = Gallons per year of DHW usage (= derived from days per year of
operation and gallons per day shown in table below)

8.33 = Density of water in pounds per gallon

1.0 = Specific heat of water in Btu per (pound-°F temperature change)

AT = Water temperature change produced by the DHW heater (= water
heater setpoint temperature as user-defined on application - 52.3°F)°. If
actual water heater setpoint temperature is unknown, use 125°F as the
default

EFsaseune = Efficiency metric for baseline DHW heater

EFerricent = Efficiency metric for efficient DHW heater

3,412 = Conversion factor for Btu per kWh

100,000 = Conversion factor for Btu per therm
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Average Daily Gallons by Facility Type

Schools
Elementary School 0.6 gal/student ASHRAE HVAC Applications 2011, Chapter 50, Table 7
Jr./Sr. High School 1.8 gal/student
Motels and Hotels
<20 rooms/suites 20 per room L
. ASHRAE HVAC Applications 2011, Chapter 50, Table 7
21 to 99 rooms/suites 14 per room
>100 rooms/suites 10 per room

ASHRAE HVAC Applications 2011, Chapter 50, Table 7
Dormitories 12.7 per student (average of 13.1 for male dormitory and 12.3 for
female dormitory)
ASHRAE HVAC Applications 2011, Chapter 50, Table 7
. . 12.7 per housed (average of 13.1 for male dormitory and 12.3 for
Prison Housing . . . . .
inmate female dormitory; prison housing water usage is
assumed to be similar to the dormitories category)

http://smud.apogee.net/comsuite/content/ces/?id=971

Hospital 50 per bed (lists a range of 25 to 90 gallons/day/bed, used 50, which
is conservative of 57.5 midpoint)®
Nursing Homes 18.4 per bed ASHRAE HVAC Applications 2011, Chapter 50, Table 7

Full Service and cafeteria: ASHRAE HVAC Applications
2011, Chapter 50, Table 7

Food Service

Full Service Restaurant
Caferar 2.4 per meal Fast food: ASHRAE HVAC Applications 2011, Chapter

afeteria
Fast Food 2.4 per meal 50, page 50.15 (lists range of 250 to 500, use 350 as

ast Foo

350 per day under midpoint of the range)

S ket 650 g ASHRAE HVAC Applications 2011, Chapter 50, page 50.15

upermarke erda

P P Y (lists range of 300 to 1,000, use average of 650)
ASHRAE HVAC Applications 2011, Chapter 50, page 50.12

Laundry 21 per wash

(for low-flow clothes washer)

Summer Coincident Peak Savings Algorithm

Demand reduction is a function of building type, because it is a function of whether—at the time of
interest—the units are operating intermittently to compensate for heat losses through the tank and
surrounding insulation, or if they are operating at a constant level to heat the incoming water that is
replacing hot water being used at a high rate. A careful study to analyze demand reduction in various
facility types has not been performed, largely because it is recognized that the amount of reduction will
be quite small. For this reason, and because the power rating of storage type electric water heaters is
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the same for the baseline and efficient models, zero demand reduction is assumed for all storage type
heaters. For heat pump DHW heaters, there will be savings due to different power ratings.

Electric and Natural Gas Storage DHW Heaters

There are no summer coincident peak savings for storage DHW heaters.

Electric Heat Pump DHW Heaters
kWsavep = CF * FUF * kWeaseune * [(1/EFsaseune) — (1/EFerricient)]

Where:

CF = Coincidence factor (ratio of expected power demand at utility peak
system demand to the maximum connected load of an item of
equipment; = varies by facility type, see table below)

FUF=  Facility utilization factor (ratio of facility utilization at the time of utility
peak system demand to the maximum facility utilization). This
parameter is a function of facility type. For dormitories, it should reflect
summer occupancy relative to maximum occupancy. Similarly for other
facility types, it should account for summer weekday occupancy factors
that affect DHW usage (= project-specific values; otherwise use the set
of typical FUF values shown in table below)

kWeaseune = Power rating of the baseline DHW heater

Coincidence Factors and Facility Utilization Factors’

L S N

Dormitories 0.25 0.30
Schools

Elementary 0.10 0.10

Junior / Middle / High 0.25 0.40
Motels and Hotels* 0.25 1.00
Nursing Homes 0.35 1.00
Hospital (assume same values as nursing home) 0.35 1.00
Office Buildings 0.15 0.90
Food Service 0.40 1.00
Apartment Houses 0.25 0.90
Supermarkets 0.15 1.00
Laundry 0.50 1.00

* Excludes restaurants, kitchens, and laundries.

Wisconsin Focus on Energy Technical Reference Manual


mailto:focusinfo@focusonenergy.com

o . . .
. < . 1 South Pinckneye Suite 340 « Madison W1 53703

focus on energy- phone: 608.230.7000

: i : : — fax: 608. 230.7035
Partnering with Wisconsin utilities focusinfo@focusonenergy.com

Lifecycle Energy-Savings Algorithm
kWhLIFECYCLE = kWhSAVED * EUL

Therms,eecycie = Thermseayep * EUL

Where:

EUL = Effective useful life (= 13 years for natural gas storage, freestanding
water heaters; = 15 years for natural gas tankless and electric heat
pump)*?

Sources

1. MMID 3045 and 3684: Based on Warranty of Equipment in 2013 Massachusetts TRM pg. 356.
http://ma-eeac.org/wordpress/wp-content/uploads/TRM PLAN 2013-15.pdf.

2. MMID 3046 and 3047: California Public Utility Commission. CALMAC 2000 workshop report.
Available online: http://www.cpuc.ca.gov/NR/rdonlyres/7E3A4773-6D35-4D21-A7A2-
9895C1E04A01/0/EEPolicyManualV5forPDF.pdf and 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.

3. American Council for an Energy-Efficient Economy (Jacob Talbot). “Market Transformation
Efforts for Water Heating Efficiency.” ACEEE Report A121. January 2012.

4. American Society of Heating, Refrigeration, and Air-Conditioning Engineers, Inc. ASHRAE
Handbook, HVAC Applications. Chapter 50 “Service Water Heating.” 2011.

5. 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.

6. Sacramento Municipal Utility District. “Energy Library / Facility Types / Healthcare / Hospitals.”
Accessed November 12, 2014. http://smud.apogee.net/comsuite/content/ces/?id=971,

7. Coincidence Factors and Facility Utilization Factors were “developed by seeking consensus
among a small group of engineers having experience performing energy audits in C&I facilities.”
Seven experienced engineers were surveyed.

8. Title 10 Code of Federal Regulations, Part 431 sets minimum efficiency standards for gas-fired
commercial storage water heaters at an EF=0.80.

9. “2015 Michigan Energy Measures Database.” Accessed December 28, 2015.
http://www.michigan.gov/mpsc/0,4639,7-159-52495 55129---,00.html. (MMIDs 3045 and 3684
= Michigan measure N-CO-WH-000160-G-XX-XX-XX-XX-02, MMID 3046 = Michigan measure N-
CO-WH-000162-G-XX-XX-XX-XX-02, MMID 3047 = N-CO-WH-000507-G-XX-XX-XX-XX-01).
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Revision History

01 01/01/2013 Revised measure

02 11/07/2014 Added building categories

03 09/25/2015 Added categories for K-12 schools and prisons
04 12/29/2015 Updated incremental cost data
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Food Service

Dishwasher, ENERGY STAR Commercial

Measure Master ID

Measure Unit

Measure Type

Measure Group

Measure Category

Sector(s)

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

Effective Useful Life (years)
Incremental Cost (S/unit)

CADMUS

Dishwasher:

Low Temp:

Door Type, ENERGY STAR, 2280 (Electric) and 2293 (Natural Gas)

Multi Tank Conveyor, ENERGY STAR, 2294 (Electric) and 2295 (Natural Gas)
Single Tank Conveyor, ENERGY STAR, 2296 (Electric) and 2297 (Natural Gas)
Under Counter, ENERGY STAR, 2298 (Electric) and 2299 (Natural Gas)
Pots/Pans Type, ENERGY STAR, 3140 (Natural Gas)

High Temp:

Electric Booster, Door Type, ENERGY STAR, 2281 (Electric) and 2282 (Natural Gas)
Electric Booster, Multi Tank Conveyor, ENERGY STAR, 2283 (Electric) and 2284 (Natural
Gas)

Electric Booster, Single Tank Conveyor, ENERGY STAR, 2285 (Electric) and 2286 (Natural
Gas)

Electric Booster, Under Counter, ENERGY STAR, 2287 (Electric) and 2288 (Natural Gas)
Electric Booster, Pots/Pans Type, ENERGY STAR, 3137 (Natural Gas)

Natural Gas Booster, Door Type, ENERGY STAR, 2289 (Natural Gas)

Natural Gas Booster, Multi Tank Conveyor, ENERGY STAR, 2290 (Natural Gas)

Natural Gas Booster, Single Tank Conveyor, ENERGY STAR, 2291 (Natural Gas)

Natural Gas Heat, Natural Gas Booster, Under Counter, ENERGY STAR, 2292 (Natural Gas)
Natural Gas Booster, Pots/Pans Type, ENERGY STAR, 3138 (Natural Gas)

Per dishwasher

Prescriptive

Food Service

Dishwasher, Commercial

Commercial, Industrial, Agriculture, Schools & Government

Varies by measure

Varies by measure

Varies by measure

Varies by measure

Varies by measure

Varies by measure

10!

Varies by measure, see Appendix D
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Measure Description

On average, ENERGY STAR-qualified commercial dishwashers are 25% more efficient than conventional
dishwashers in both energy and water use. The reduction in water use results in additional water-
heating energy savings.

The ENERGY STAR rating applies to commercial under-counter dishwashers; single-tank door type
dishwashers; pot, pan, and utensil dishwashers; single- and multiple-tank conveyor dishwashers; and
flight-type dishwashers. To meet ENERGY STAR criteria, commercial dishwashers must meet certain idle
energy use rates and volume of water consumed per rack.

Dishwasher measures are for higher temperature and lower temperature machines in door type,
multitank conveyor, single-tank conveyor, and under-counter machines. Water heater configurations
are for electric water heaters with an electric booster heater, natural gas water heaters with an electric
booster heater, and natural gas water heaters with a natural gas booster heater. This measure does not
apply to flight-type dishwashers, as these units are custom.

Description of Baseline Condition

The baseline condition for commercial dishwashers is based on values in the ENERGY STAR commercial
kitchen equipment calculator;? these values were based on the U.S. EPA 2013 FSTC research on available
commercial dishwasher models.?

Description of Efficient Condition
The efficient condition for commercial dishwashers is defined by the ENERGY STAR v2.0 Requirements
for Commercial Dishwashers.?

Annual Energy-Savings Algorithm
kWhsavep = AkWh/yl’WATER HEATER t AkWh/VFBOOSTER HEATER T AkWh/WlDLE

Thermsavep = AThermS/YFWATER HEATER + AThermS/yrBOOSTER HEATER
Gallonssavep = Gallons/yrsase — Gallons/yree

Energy-Savings Algorithms by Fuel and Machine Type

Fuel Type Machine Type Algorithm

Electri Water Heater AKWh/yrwarer Heater = Gallonssaveo® kWh/gallonwater HeaTer
ectric Booster Heater AKWh/yrgooster HeaTer = Gallonssaveo * kWh/gallongoosTer HEATER

N G Water Heater ATherms/yrwarter Heater = Gallonssaveo * Therms/gallonwater HeaTer
atural Gas Booster Heater ATherms/yraooster HeaTer = Gallonssaveo * Therms/gallongoosTer HEATER
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Energy Usage by Fuel and Machine Type

Fuel Type Machine Type Energy Use

. Water Heater
Electric
Booster Heater

Water Heater
Natural Gas
Booster Heater

Where:
ATWH

Cwarter

PWATER =

NELECTRIC
3,412
ATBH =

NGas

100,000

kWh/gallonwater Heater = ATwh * Cwater * pwarter / Netectric/ 3,412
kWh/gallonwarter Heater = ATen * Cwarter * pwarer / Netecric/ 3,412
Therms/gallonwater Heater = ATwr * Cwater * pwater / Neas/ 100,000

Therms/gallongooster HeaTeEr = ATwh * Cwater * pwarer / Neas/ 100,000

Temperature rise delivered by water heater (= 70°F)?
Specific heat of water (= 1 Btu/pound/°F)

Density of water (= 8.33 |bs/cubic foot)

Electric conversion efficiency (= 98%)*

Conversion factor from Btu to kWh

Temperature rise delivered by booster heater (= 40°F)?
Natural gas conversion efficiency (= 76%)*

Conversion factor from Btu to therms

AkWh/yr.DLE = (kWBASEIDLE * DY* (HD —RD * WTBASE / 60)) - (kWEE IDLE * DY* (HD —RD * WTEE / 60))

GaIIons/yrBASE = GPRBASE * DY * RD

Gallons/yree = GPRee * DY * RD

Where:
kWaase ioLe

DY =
HD =
RD =

WTease

60 =
KWee ipLe

CADMUS

Baseline consumption when on but not in wash cycle (= varies by
measure; see table below)?

Days per year of dishwasher operation (= 365)?
Hours per day of dishwasher operation (= 18)?

Number of racks of dishes washed each day (= varies by measure; see
table below)?

Washtime (= length of wash cycles in minutes; varies by measure, see
table below)?

Minutes per hour

Efficient equipment consumption when on but not in wash cycle
(= varies by measure; see table below)?
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WTee = Washtime efficient equipment (= varies by measure; see table below)
GPRease = Gallons per rack of baseline equipment (= varies by measure; see table

below)?
GPRe: = Gallons per rack of ENERGY STAR equipment (= varies by measure; see

table below)?

Variable Values by Measure Type

MeasureType | GPRows | GPRar | KWasi | KiWisme | WTase | WTee | D |

Low Temperature

Under Counter 1.73 1.19 0.50 0.50 2.0 2.0 75
Stationary Single-Tank Door 2.10 1.18 0.60 0.60 1.5 1.5 280
Single-Tank Conveyor 131 0.79 1.60 1.50 0.3 0.3 400
Multiple Tank Conveyor 1.04 0.54 2.00 2.00 0.3 0.3 600
High Temperature

Under Counter 1.09 0.86 0.76 0.50 2.0 2.0 75
Stationary Single-Tank Door 1.29 0.89 0.87 0.70 1.0 1.0 280
Single-Tank Conveyor 0.87 0.70 1.93 1.50 0.3 0.3 400
Multiple Tank Conveyor 0.97 0.54 2.59 2.25 0.2 0.2 600
Pot, Pan, and Utensil 0.70 0.58 1.20 1.20 3.0 3.0 280

Summer Coincident Peak Savings Algorithm
kWSAVED = DRedDw *CF

Where:
DRedpw = Summer demand reduction per purchased ENERGY STAR dishwasher
(=0.0225)°
CF = Coincident factor (= 1; this is already embedded in the summer peak

demand reduction estimate as DRedpw)

Lifecycle Energy-Savings Algorithm
kWhuirecvete = kWhsaveo * EUL

Thermuyrecveie = Thermsavep * EUL

CADMUS

Wisconsin Focus on Energy Technical Reference Manual 66



mailto:focusinfo@focusonenergy.com

.0 . 1 South Pinckneye Suite 340 « Madison W1 53703
\_..

focus on energy- phone: 608.230.7000

. . - - - fax: 608. 230.7035
Partnering with Wisconsin utilities focusinfo@focusonenergy.com

GaIIonSUFECYCLE = Ga”OI’lSSAVED * EUL

Where:
EUL = Effective useful life (= 10 years)!

Deemed Savings

Savings With Electric Water Heater and Booster Heater

Natural . | Natural Natural
Gas Electric Gas Gas
(kwh)
(therm) (therm) (therm)

2298 (Electric)
Under Counter 11,085 0 8,508 0 2,577 0
2299 (Natural Gas)

2280 (Electric)

Low Temperature

Stationary Single-

2293 (Natural Gas) 39,824 0 23,433 0 16,392 0
Tank Door
3140 (Pots/Pans)
Single-Tank 2296 (Electric)
42,687 0 28,868 0 13,819 0
Conveyor 2297 (Natural Gas)
. 2294 (Electric)
Multitank Conveyor 50,656 0 31,567 0 19,090 0

2295 (Natural Gas)
High Temperature (with electric booster heater)
2287 (Electric)
Under Counter 12,474 0 9,278 0 3,196 0
2288 (Natural Gas)

. . 2281 (Electric)
Stationary Single-

2282 (Natural Gas) 40,351 0 28,325 0 12,027 0
Tank Door
2761 (Pots/Pans)
Single-Tank 2285 (Electric)
46,069 0 36,758 0 9,311 0
Conveyor 2286 (Natural Gas)
. 2283 (Electric)
Multitank Conveyor 73,321 0 45,538 0 27,784 0

2284 (Natural Gas)

Pot, Pan, and
. 3137 21,351 0 17,991 0 3,360 0
Utensil

CADMUS
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Natural Natural Natural
Gas Gas Gas
(therm) (therm) (therm)

High Temperature (with natural gas booster heater)

Under Counter 2292 9,502 131 6,933 103 2,569 28
Stationary Single-

2289 27,218 578 19,264 399 7,954 179
Tank Door
Single-Tank

2291 33,415 557 26,577 448 6,838 109
Conveyor
Multitank Conveyor 2290 52,159 931 33,757 518 18,403 413
Pot, Pan, and

. 3138 14,224 314 12,086 260 2,138 54

Utensil

Savings With Natural Gas Water Heater and Booster Heater

Low Temperature

2298 (Electric)
Under Counter 2,829 363 2,829 250 0 113
2299 (Natural Gas)

. . 2280 (Electric)
Stationary Single-

2293 (Natural Gas) 2,409 1,647 2,409 925 0 721
Tank Door
3140 (Pots/Pans)

Single-Tank 2296 (Electric)

9,344 1,467 8,760 885 584 582
Conveyor 2297 (Natural Gas)
Multitank 2294 (Electric)

10,950 1,747 10,950 907 0 840
Conveyor 2295 (Natural Gas)

High Temperature (with electric booster heater)

2287 (Electric)
Under Counter 7,272 229 5,174 181 2,098 48
2288 (Natural Gas)

. . 2281 (Electric)
Stationary Single-

2282 (Natural Gas) 17,368 1,012 12,468 698 4,900 314
Tank Door
2761 (Pots/Pans)
Single-Tank 2285 (Electric)
23,925 975 18,941 784 4,984 190
Conveyor 2286 (Natural Gas)

CADMUS
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Multitank 2283 (Electric)
36,288 1,630 24,921 907 11,367 723
Conveyor 2284 (NG)
Pot, Pan, and
. 3137 8,879 549 7,657 455 1,222 94
Utensil
High Temperature (with natural gas booster heater)
Under Counter 2292 4,300 360 2,829 284 1,471 76
Stationary Single-
2289 4,234 1,590 3,407 1,097 827 493
Tank Door
Single-Tank
2291 11,271 1,531 8,760 1,232 2,511 299
Conveyor
Multitank
2290 15,126 2,561 13,140 1,426 1,986 1,135
Conveyor
Pot, Pan, and
3138 1,752 863 1,752 715 0 148

Utensil

Low Temperature

Annual Water Savings

Baseline ENERGY STAR Savings
(Gallons/yr) (Gallons/yr) (Gallons/yr)

Under Counter 2298 (Electric) 2299 (Natural Gas) 47,359 32,576 14,783
Stationary Single-Tank = 2280 (Electric) 2293 (Natural Gas)
214,620 120,596 94,024
Door 3140 (Pots/Pans)
Single-Tank Conveyor 2296 (Electric) 2297 (Natural Gas) 191,260 115,340 75,920
Multitank Conveyor 2294 (Electric) 2295 (Natural Gas) 227,760 118,260 109,500
High Temperature
Electric Booster Heater:
Under Counter 2287 (Electric) 2288 (Natural Gas) 29,839 23,543 6,296
Natural Gas Booster Heater: 2292
Stationary Single-Tank = 2281 (Electric) 2282 (Natural Gas)
131,838 90,958 40,880
Door 2761 (Pots/Pans)
Electric Booster Heater:
Single-Tank Conveyor 2285 (Electric) 2286 (Natural Gas) 127,020 102,200 24,820
Natural Gas Booster Heater: 2291
. Electric Booster Heater:
Multitank Conveyor ] 212,430 118,260 94,170
2283 (Electric) 2284 (Natural Gas)
. Electric Booster Heater: 3137
Pot, Pan, and Utensil 71,540 59,276 12,264

Natural Gas Booster Heater: 3138
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Assumptions
For peak demand reduction, the HOU is assumed to be the total HOU and is not differentiated from the
percentage of time during idle state versus washing.

Sources
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.
Available online:
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

2. United States Department of Energy. “ENERGY STAR Commercial Kitchens Calculator.”
www.energystar.gov.

3. United State Environmental Protection Agency, Food Service Technology Center.
http://www.fishnick.com/

4, Air Conditioning, Heating, and Refrigeration Institute. RWH research. Most common RE for non-
heat pump water heaters:
http://www.ahridirectory.org/ahridirectory/pages/rwh/defaultSearch.aspx

5. Pennsylvania Public Utilities Commission. Pennsylvania PUC Technical Reference Manual. June
2013. Demand reduction was derived using dishwasher load shape.

Revision History

01 08/2014 Initial TRM entry
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CEE Tier 2 Ice Machines

Ice Machine, CEE Tier 2:

Air Cooled:

Self Contained, 0-499 Ibs/day, 3414

Ice Making Head, 0-499 |bs/day, 3416

Ice Making Head, 500-999 Ibs/day, 3417

Ice Making Head, > 1,000 Ibs/day, 3418

Remote Condensing, 0-499 lbs/day, 3422
Measure Master ID Remote Condensing, 500-999 |bs/day, 3423

Remote Condensing, > 1,000 Ibs/day, 3424

Water Cooled:

Self Contained, 0-499 lbs/day, 3415

Ice Making Head, < 500 Ibs/day, 3419
Ice Making Head, 500-999 |bs/day, 3420
Ice Making Head, = 1,000 lbs/day, 3421

Measure Unit Per ice machine

Measure Type Prescriptive

Measure Group Food Service

Measure Category Ice Machine

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) Varies by machine type and size

Peak Demand Reduction (kW) Varies by machine type and size

Annual Therm Savings (Therms) 0
Lifecycle Energy Savings (kWh) Varies by machine type and size
Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 531
Effective Useful Life (years) 102
Incremental Cost ($/unit) $981.007

Measure Description

Commercial ice machines are used in restaurants, hospitals, hotels, schools, offices, and grocery stores.
CEE Tier 2 ice machines are, on average, 10% more energy efficient and use approximately 25% less
water than standard models. These machines are designed with more efficient compressors. Investing in
more energy-efficient ice machines can save hundreds of dollars per year.

CADMUS
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Description of Baseline Condition
The baseline is a standard ice machine that meets the Energy Policy Act of 2005.

Description of Efficient Condition
New units must be CEE Tier 2 ice machines with a harvest rate based on operation at standard rating
conditions per AHRI Standard 810.

Annual Energy-Savings Algorithm

Based on the harvest rate for various CEE categories of ice machines, each qualifying ice machine must
meet an energy use limit based on kWh/100 lbs of ice. The savings are derived by subtracting the CEE
Tier 2 energy limits from the baseline Energy Policy Act of 2005 ice machine energy usage. The savings
based on each harvest rate category are weighted based on the number of qualifying CEE Tier 2 units
from the January 2014 Qualified Products List to provide an overall measure savings for the measure

descriptions listed above.

kWhsaveo = (AkWh/100 Ib of ice)/100 * (H * DutyCycle) * 365
AkWh/100 Ib of ice = AB + (AA * H * DutyCycle)

AB = Bpase — Beee Tier 2

AA = Agase — Acee Tier 2

Where:

100 = Factor to normalize from 100 pounds of ice to 1 pound of ice

H = Harvest rate of ice in pounds

DutyCycle = Percentage of annual average ice machine duty cycle?

365 = Number of days per year

AB = Constant to calculate kWh consumption per 100 pounds of ice as a
function of harvest rate (algorithm represents maximum energy
consumption for the category)

AA = Coefficient to calculate kWh consumption per 100 pounds of ice as a

function of harvest rate (algorithm represents maximum energy
consumption for the category)

CADMUS
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Summer Coincident Peak Savings Algorithm
kWsaveo = kWhsaveo/HOURS

Where:
HOURS = Annual hours per year (= 8,760)°

Lifecycle Energy-Savings Algorithm
kWhurecvete = kWhsaveo * EUL

Where:
EUL = Effective useful life (= 10 years)*
Deemed Savings

Annual Deemed Savings

Ice Machine, CEE Tier 2, Air Cooled, Self Contained, 0-499 Ibs/day 3414 0.0974
Ice Machine, CEE Tier 2, Water Cooled, Self Contained, 0-499 Ibs/day 3415 856 0.0977
Ice Machine, CEE Tier 2, Air Cooled, Ice Making Head, 0-499 Ibs/day 3416 543 0.0619
Ice Machine, CEE Tier 2, Water Cooled, Ice Making Head, < 500 lbs/day 3419 839 0.0957
Ice Machine, CEE Tier 2, Air Cooled, Remote Condensing, 0-499 Ibs/day 3422 2,752 0.3141
Ice Machine, CEE Tier 2, Air Cooled, Ice Making Head, 500-999 Ibs/day 3417 2,266 0.2590
Ice Machine, CEE Tier 2, Water Cooled, Ice Making Head, 500-999 Ibs/day 3420 1,686 0.1925
Ice Machine, CEE Tier 2, Air Cooled, Remote Condensing, 500-999 |bs/day 3423 2,735 0.3141
Ice Machine, CEE Tier 2, Air Cooled, Ice Making Head, = 1,000 lbs/day 3418 1,427 0.1631
Ice Machine, CEE Tier 2, Water Cooled, Ice Making Head, = 1,000 lbs/day 3421 1,686 0.1920
Ice Machine, CEE Tier 2, Air Cooled, Remote Condensing, = 1,000 Ibs/day 3424 2,164 0.2469

CADMUS
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Lifecycle Deemed Savings

Ice Machine, CEE Tier 2, Air Cooled, Self Contained, 0-499 Ibs/day 3414 8,529
Ice Machine, CEE Tier 2, Water Cooled, Self Contained, 0-499 Ibs/day 3415 8,560
Ice Machine, CEE Tier 2, Air Cooled, Ice Making Head, 0-499 Ibs/day 3416 5,425
Ice Machine, CEE Tier 2, Water Cooled, Ice Making Head, < 500 lbs/day 3419 8,387
Ice Machine, CEE Tier 2, Air Cooled, Remote Condensing, 0-499 lbs/day 3422 27,517
Ice Machine, CEE Tier 2, Air Cooled, Ice Making Head, 500-999 lbs/day 3417 22,660
Ice Machine, CEE Tier 2, Water Cooled, Ice Making Head, 500-999 Ibs/day 3420 16,862
Ice Machine, CEE Tier 2, Air Cooled, Remote Condensing, 500-999 lbs/day 3423 27,346
Ice Machine, CEE Tier 2, Air Cooled, Ice Making Head, = 1,000 lbs/day 3418 14,267
Ice Machine, CEE Tier 2, Water Cooled, Ice Making Head, = 1,000 lbs/day 3421 16,860
Ice Machine, CEE Tier 2, Air Cooled, Remote Condensing, = 1,000 lbs/day 3424 21,643

Assumptions
The harvest rates are determined based on the High Efficiency Specifications for Commercial Ice
Machines category for various types of air cooled and water cooled units for CEE Tier 2 specifications.*®

Sources
1. Consortium for Energy Efficiency. Average Daily Potable Water Consumption at CEE Tiers.
Provided by Kim Erickson, CEE.

2. PA Consulting Group Inc. State of Wisconsin Public Service Commission of Wisconsin, Focus on
Energy Evaluation Business Programs: Deemed Savings Manual V1.0. Updated March 22, 2010.
(24 hours/day * 7 days/week * 52 weeks/year = 8,760 hours)

3. Consortium for Energy Effiency. Commercial Ice Machines: The Potential for Energy Efficiency
and Demand Response. Don Fisher, David Cowen and Angelo Karas, Fisher—Nickel, Inc. Charlene
Spoor, Pacific Gas & Electric Company. 2012.
http://aceee.org/files/proceedings/2012/data/papers/0193-000289.pdf

4. Consortium for Energy Efficiency. Commercial Kitchens Initiative. High Efficiency Specifications
for Commercial Ice Machines. Effective Date July 1, 2011.

5. PA Consulting Group Inc. State of Wisconsin Public Service Commission Wisconsin Focus on
Energy Evaluation Business Programs: Measure Life Study Final Report. August 25, 2009.

CADMUS
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6. Consortium for Energy Efficiency. Commercial Ice Machines Specification Revision Technical
Analysis. Data obtained from Autoquotes.® July 2010.

7. llinois Technical Reference Manual. 2013. Page 103. Available online:
http://ilsagfiles.org/SAG_files/Technical_Reference_Manual/Version_3/Final_Draft/lllinois_Stat
ewide_TRM_Effective_060114_Version_3%200_021414_Final_Clean.pdf .

Revision History

01 01/2015 Initial TRM entry
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ENERGY STAR Commercial Combination Ovens (Natural Gas or Electric)

Oven, Combination, ENERGY STAR, Electric, 3118

Measure Master ID L
Oven, Combination, ENERGY STAR, Natural Gas, 3119

Measure Unit Per oven
Measure Type Prescriptive
Measure Group Food Service
Measure Category Oven
Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 15,096

Peak Demand Reduction (kW) 3.446
Annual Therm Savings (Therms) 1,103
Lifecycle Energy Savings (kWh) 181,146
Lifecycle Therm Savings (Therms) 13,237
Water Savings (gal/yr) 0

Effective Useful Life (years) 121
Incremental Cost (S/unit) $0.008

Measure Description

A combination oven is a self-contained device that functions as a hot air convection (oven mode),
saturated and superheated steam heating (steam mode), and combination convection/steam mode for
moist heating. The convection/stem mode performs steaming, baking, roasting, rethermalizing, and
proofing of various food products. The combination oven can also be referred to as a combination
oven/steamer, combi, or combo.

Description of Baseline Condition

Baseline equipment is assumed to be a new combination oven that does not meet ENERGY STAR v2.0
performance specification. Data analysis were provided by the CEE and a dataset was provided by the
EPA FSTC and manufacturers from December 2011 through July 2012.

Description of Efficient Condition

The efficient condition is any commercial combination oven that is on the ENERGY STAR Commercial
Combination Ovens qualified products list,2 per the ENERGY STAR v2.0 performance specifications for
natural gas and electric combination ovens.?

CADMUS
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Annual Energy-Savings Algorithms
Electric Combination Oven:

kWhSAVED = (Wh/dayBASEUNE - Wh/dayEE) * DPY / 1,000

Wh/dayBASELlNE = Wh/dayCONVECTION, BASELINE + Wh/daYSTEAM, BASELINE + Wh/daYPREHEAT, BASELINE

Wh/dayconvection, easeune = (1-%steam) *{(m * Econvection) / Nconvecrion, saseuine + [Eipte-convection, saseune * (toay -
m/PCconvecrion, saseine — NP * tereneat/60)]}

Wh/daVSTEAM, BASELINE = %sTEAM * {(m* ESTEAM) / NsTEAM,BASELINE + [EIDLE-STEAM, BASELINE (tDAY - m/PCSTEAM,BASELINE -nP

* tereneat/60)]}
Wh/dayPREHEAT, BASELINE = EPREHEAT, BASELINE *nP
Wh/dayEE = Wh/dayCONVEmON, e+ Wh/dGYSTEAM, ee + Wh/dayPREHEAT, EE

Wh/dayconvection, ee = (1-%steam) * {(m * Econvecrion) / Nconvection, ee + [Eipte-convection, ee * (toay - m/PCeonvecrion,
ge — NP * tpreneat/60)]}

Wh/daysream, ee = %steam * {(m * Esteam) / Nsteam,ee + [Eiotesteam, ee * (toay - m/PCsteam, ee — NP * terenear/60)]}
Wh/daVPREHEAT, ee = Eprenear, ee *nP

Natural Gas Combination Oven:
Thermsaveo = (Btu/daysaseune — Btu/dayee) * DPY / 100,000

Btu/daYBASELlNE = Btu/dayCONVECTION, BASELINE + Btu/daySTEAM,BASELINE + Btu/dayPREHEAT, BASELINE

Btu/dayconvection, saseuine = (1-%steam) * {(m * Econvecrion) / Nconvection, saseuine + [Eipte-convection, saseuine * (toay -
m/PCconvecrion, saseine — NP * tereneat/60)]}

Btu/daYSTEAM, BASELINE = YosteAm * {(m* ESTEAM) / NsTEAM, BASELINE + [EIDLE-STEAM, BASELINE ¥ (tDAY - m/PCSTEAM,BASELINE -nP

* toreneat/60)]}
Btu/dayereneat, saseune = Epreneat saseune * NP
Btu/daygg = Wh/dayCONVEcﬂoN, ee+ Wh/daVSTEAM, ee + Wh/dayPREHEAT, EE

Wh/dayconvection, ee = (1-%steam) * {(m™* Econvection) / Nconvecion, ee + [Eipteconvection, e * (taay - m/PCeonvection,
ge — NP * tpreneat/60)]}
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Wh/daysteam, ee = %steam * {(m * Esteam) / Nsteam, ee + [Eiotesteam, e * (toay - M/PCsteam, ee — NP * tereneat/60)]1}

Wh/dayPREHEAT, ee = Eprenear,ee * NP

Where:

CADM

DPY = Days of operation per year (= 365)°

1,000 = Kilowatt conversion factor

%sTEAM = Percentage of time in steam mode (= 50%)3

m = Estimated mass of food cooked per day, in pounds (= 250)3
Econvection = Energy absorbed by food product: cooking by convection

(= 73.2 Wh/Ib; = 250 Btu/Ib)*
EinLe-convecTion, BaseLne= Baseline idle energy rate (= varies by unit type; see table below)?
toay = Estimated operating time per day, in hours (= 12)3

PCconvection, saseune= Production capacity of baseline equipment in pounds per hour
(= varies by unit type; see table below)?

nP = Estimated number of preheats per day (= 1)

tPREHEAT = Estimated preheat time in minutes per preheat (= 15)3

60 = Minutes in an hour

Esteam = Energy absorbed by food product: cooking by steam (= 30.8 Wh/Ib;
= 105 Btu/Ib)*

100,000 = Conversion factor from Btu to therms

Nsteamsaseune =  Cooking energy efficiency of baseline unit (= varies by unit type; see

table below)*

Nconvection, sasene= — Energy efficiency of baseline unit (= varies by unit type; see table
below)*

Eipiesteam, saseune = Baseline energy absorbed by food product: cooking by by steam
(= varies by unit type; see table below)?

PCsteampaseune = Production capacity of baseline cooking by steam

Erreneat,Baseune =  Measured energy used per preheat for baseline unit (= varies by
unit type; see table below)?

Cooking energy efficiency of efficient unit

NCONVECTION, EE

ENERGY STAR idle rate of efficient equipment (= varies by unit type;
see table below)*

EIDLE-CONVECTION, EE

UsS
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Production capacity of efficient equipment in pounds per hour
(= varies by unit type; see table below)?

PCconvecrion, e

NSTEAM, EE = Cooking energy efficiency of efficient unit, cooking by steam
(= varies by unit type; see table below)*

EipLe-sTeam, e = ENERGY STAR idle rate of efficient equipment, cooking by steam
(= varies by unti type; see table below)*

PCsream,ee = Production capacity of energy efficient equipment, cooking by
steam
EpReHEAT, EE = Measured energy used per preheat from efficient equipment

(= varies by unti type; see table below)?

Production Capacity by Unit Type

PCconvection 100 125
PCsteam 150 200

Cooking Energy Efficiency by Unit Type

NCONVECTION 65% 70% 35% 44%
NsTeAM 40% 50% 20% 38%

Measured Energy Used per Preheat by Unit Type

EpreHeaT, eLecTrIC (Watts) 3,750 2,000
Epreneat, sTeam (Btu) 22,000 16,000

Summer Coincident Peak Savings Algorithm
kWsaveo = kWhsaveo * (CF / HOU)
Where:

CF
HOU

Coincidence factor (= 1)°

Annual hours-of-use (= 4,380)3

CADMUS
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Lifecycle Energy-Savings Algorithm
kWhuirecvete = kWhsaveo * EUL

Where:
EUL = Effective useful life (= 12 years)*

Assumptions
The default values given in calculators from the ENERGY STAR FSTC were used for savings calculation
variables.

Sources
1. Similar MMIDs 2485-2488. EUL derived from Food Service Technology Center. Gas Convection
Oven Life-Cycle Cost Calculator.
2. United States Department of Energy. ENERGY STAR Product Finder: Commercial Combination
Ovens.
3. United States Department of Energy. Version 2.0 ENERGY STAR Performance Specification for
Gas and Electric Combination Ovens.

4. Food Service Technology Center. “Life-Cycle & Energy Cost Calculator: Combination Ovens.”
http://www.fishnick.com/saveenergy/tools/calculators/

5. The Summer Peak Coincidence Factor is assumed to equal 1.0, since the annual kWh savings is
divided by the total annual hours (8760), effectively resulting in the average kW reduction
during the peak period.

6. ENERGY STAR® Commercial Kitchen Savings Calculator. Accessed 03/11/2016. All Rack Ovens
Incremental Cost=50.00. Available online:
https://www.energystar.gov/products/commercial food service equipment

Revision History

01 08/2014 Initial TRM entry
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Oven, Convection, ENERGY STAR, Electric

Measure Master ID Oven, Convection, ENERGY STAR, Electric, 2485
Measure Unit Per oven

Measure Type Prescriptive

Measure Group Food Service

Measure Category Oven

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 2,083

Peak Demand Reduction (kW) 0.48

Annual Therm Savings (Therms) 0

Lifecycle Energy Savings (kwWh) 24,998

Lifecycle Therm Savings (Therms) 0

Water Savings (gal/yr) 0

Effective Useful Life (years) 121

Incremental Cost (S/unit) $0.00°

Measure Description

A convection oven is a self-contained device that functions as a hot air convection (oven mode),
saturated and superheated steam heating (steam mode), and combination convection/steam mode for
moist heating. The convection/stem mode performs steaming, baking, roasting, rethermalizing, and
proofing of various food products. Savings adjustment for existing active measure based on ENERGY
STAR Version 2.1 specification taking effect January 1, 2014.3

Description of Baseline Condition
The baseline condition is an electric full-size convection ovens that has an average cooking energy
efficiency of 65% and an average idle rate of 2 kW.*

Description of Efficient Condition
The efficient condition is the minimum cooking energy efficiency of an ENERGY STAR electric full-size
convection ovens of 71%, with a maximum idle rate of 1.6 kW.*

CADMUS
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Annual Energy-Savings Algorithm
Per the energy formula on page 4-48 of the Deemed Savings Manual 1.0:2

kWhsaveo = (Epav, saseuine — Epav, enercy star) * OpDay

Epay = [(LBFOOD * Epooo)/Efficiency] + IdleRate * [OpHrs - (LBFOOD/PC) - (TPREHT/60)] + Eprent

Where:
OpDay

Epay

LBroop

Eroop

Efficiency

IdleRate

OpHrs

PC

TPREHT

60

EpPReHT

CADMUS

Operating days per year (= varies by model and fuel type; see table
below)

Daily energy consumption (kWh or Btu)

Pounds of food cooked per day (= varies by model and fuel type; see
table below)

ASTM Energy to Food (kWh/Ib or Btu/Ib; = varies by model and fuel
type, see table below)

ASTM Heavy Load Cooking Energy Efficiency percentage (= varies by
model and fuel type; see table below)

Idle energy rate (kW or Btu/hr; = varies by model and fuel type, see
table below)

Operating hours per day (= varies by model and fuel type; see table
below)

Production capacity in pounds per hour (= varies by model and fuel
type; see table below)

Preheat time in minutes (= varies by model and fuel type; see table
below)

Conversion from minutes to hours

Preheat energy (kWh or Btu; = varies by model and fuel type, see table
below)
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Parameter Values by Model and Oven Fuel

L Ornriel L permeter ] seseing e | ENERoY STk e Soure

Preheat Time (min) Deemed
Electric or Operating Hrs/Day 12 12 4
Natural Gas Operating Days/Year 365 365 4
Pounds of Food Cooked per Day 100 100 4
Production Capacity (lb/h) 90 90 4
Preheat Energy (kWh) 1.5 1 4
Electric Idle Energy Rate (kW) 2 1.6 4
Cooking Energy Efficiency (%) 65% 71% 4
ASTM Energy to Food (kWh/Ib) 0.0732 0.0732 4
Production Capacity (Ib/h) 83 86 4
Preheat Energy (Btu) 19,000 11,000 4
Natural Gas Idle Energy Rate (Btu/h) 15,100 12,000 4
Cooking Energy Efficiency (%) 44% 46% 4
ASTM Energy to Food (Btu/lb) 250 250 4

Summer Coincident Peak Savings Algorithm

kWsaveo = (Epav, saseuine — Epav, eneray star) / OpHrs

Lifecycle Energy-Savings Algorithm
kWhuiecvete = kWhsaveo * EUL

Where:
EUL = Effective useful life (= 12 years)*

Sources

1. Food Service Technology Center. Convection Oven Life-Cycle Cost Calculator.
Business Programs, Deemed Savings Manual V1.0, March 22, 2010.
ENERGY STAR Commercial Ovens Program Requirements, Version 2.1.
ENERGY STAR Commercial Kitchen Equipment Calculator.

ENERGY STAR® Commercial Kitchen Savings Calculator. Accessed 03/11/2016. All Ovens
Incremental Cost = $0.00. Available online:

Al

https://www.energystar.gov/products/commercial food service equipment.

Revision History

01 01/2015 Initial TRM entry
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Oven, Convection, ENERGY STAR, Natural Gas

Measure Master ID Oven, Convection, ENERGY STAR, Natural Gas, 2486
Measure Unit Per full size oven

Measure Type Prescriptive

Measure Group Food Service

Measure Category Oven

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) 0

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) 156

Lifecycle Energy Savings (kWh) 0

Lifecycle Therm Savings (Therms) 1,872

Water Savings (gal/yr) 0

Effective Useful Life (years) 121

Incremental Cost (S/unit) $0.00°

Measure Description

A convection oven is a self-contained device that functions as a hot air convection (oven mode),
saturated and superheated steam heating (steam mode), and combination convection/steam mode for
moist heating. The convection/stem mode performs steaming, baking, roasting, rethermalizing, and
proofing of various food products.

Description of Baseline Condition
The average cooking energy efficiency of a natural gas full-size convection oven is 44%, with an average
idle rate of 15,100 Btu per hour.*

Description of Efficient Condition
The minimum cooking energy efficiency of ENERGY STAR full-size convection ovens is 46%, with a
maximum idle rate of 12,000 Btu per hour.*
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Annual Energy-Savings Algorithm
kWhsaveo = (Epay, easeune — Epay, eneray star) ¥ OpDay * (1/100,000)

Epay = [(LBFOOD * EFOOD)/Efﬁciency] + IdleRate * [OpHrs - (LBFOOD/PC) - (TPREHT/GO)] + Eprent

Where:
Epay
OpDays
1/100,000

LBroop

Eroop

Efficiency

IdleRate

OpHrs
PC
TeReHT
60

EprenT

Daily energy consumption (kWh or Btu)
Operating days per year (= varies by model and fuel type; see table below)
Btu to therms conversion

Pounds of food cooked per day (= varies by model and fuel type; see table
below)

ASTM Energy to Food (kwWh/lb or Btu/Ib; = varies by model and fuel type, see
table below)

ASTM Heavy Load Cooking Energy Efficiency percentage (= varies by model
and fuel type; see table below)

Idle energy rate (kW or Btu/hr; = varies by model and fuel type, see table
below)

Operating hours per day (= varies by model and fuel type; see table below)
Production capacity (lb/hr; = varies by model and fuel type, see table below)
Preheat time in minutes (= varies by model and fuel type; see table below)
Conversion from minutes to hours

Preheat energy (kWh or Btu; = varies by model and fuel type, see table below)

Parameter Values by Model and Oven Fuel

Preheat Time (min) Deemed
Electric or Operating Hrs/Day 12 12 3
Natural Gas Operating Days/Year 365 365 3
Pounds of Food Cooked per Day 100 100 3
Production Capacity (lb/h) 90 90 3
Preheat Energy (kWh) 1.5 1 4
Electric Idle Energy Rate (kW) 2 1.6 3
Cooking Energy Efficiency (%) 65% 71% 3
ASTM Energy to Food (kwWh/Ib) 0.0732 0.0732 3
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Production Capacity (Ib/h) 3
Preheat Energy (Btu) 19,000 11,000 4
Natural Gas Idle Energy Rate (Btu/h) 15,100 12,000 3
Cooking Energy Efficiency (%) 44% 46% 3
ASTM Energy to Food (Btu/lb) 250 250 3

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

Lifecycle Energy-Savings Algorithm
Thermyeecyeie = Thermsaveo * EUL

Where:
EUL = Effective useful life (= 12 years)?

Sources
1. Food Service Technology Center. Gas Convection Oven Life-Cycle Cost Calculator.

2. ENERGY STAR Commercial Ovens Program Requirements, Version 2.1.

3. ENERGY STAR Commercial Kitchen Equipment Calculator.

4, Food Service Technology Center. Electric Convection Oven Life-Cycle Cost Calculator.
5

ENERGY STAR® Commercial Kitchen Savings Calculator. Accessed 03/11/2016. All Ovens
Incremental Cost = $S0.00. Available online:
https://www.energystar.gov/products/commercial food service equipment

Revision History

01 01/2015 Initial TRM entry
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Oven, Rack Type, ENERGY STAR, Natural Gas

Oven, Rack Type, ENERGY STAR, Natural Gas:

Measure Master ID Single Compartment, 2488
Double Compartment, 2487

Measure Unit Per oven

Measure Type Prescriptive

Measure Group Food Service

Measure Category Oven

Sector(s) Commercial, Industrial, Agriculture, Schools & Government

Annual Energy Savings (kWh) Varies by measure

Peak Demand Reduction (kW) Varies by measure

Annual Therm Savings (Therms) Varies by measure

Lifecycle Energy Savings (kWh) Varies by measure

Lifecycle Therm Savings (Therms) Varies by measure

Water Savings (gal/yr) 0

Effective Useful Life (years) 1212

Incremental Cost (S/unit) $0.003

Measure Description

Rack ovens have a high capacity, are able to produce steam internally, and are fitted with a motor-
driven mechanism for rotating multiple pans inserted into one or more removable or fixed pan racks
within the oven cavity. A single rack oven is able to accommodate one removable single rack of standard
sheet pans measuring 18 x 26 x 1-inch, while a double rack oven is able to accommodate two removable
single racks of standard sheet pans measuring 18 x 26 x 1-inch, or one removable double-width rack.

Description of Baseline Condition
The baseline condition is an average natural gas single rack oven with cooking energy efficiency of 43.5%
and an average idle rate of 24,451 Btu per hour.*

The baseline condition could also be an average natural gas double rack oven with cooking energy
efficiency of 50.5% and an average idle rate of 37,971 Btu per hour.*

Description of Efficient Condition

The minimum cooking energy efficiency for a single rack oven to qualify for ENERGY STAR is 48%, with a
maximum idle rate of 25,000 Btu per hour.’ The average cooking energy efficiency of available ENERGY
STAR-qualified natural gas single rack ovens is 48.9% with an average idle rate of 21,009 Btu per hour.*
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o

The minimum cooking energy efficiency for a double rack oven to qualify for ENERGY STAR is 52%, with
a maximum idle rate of 30,000 Btu per hour.’ The average cooking energy efficiency of available ENERGY
STAR-qualified natural gas double rack ovens is 53.9% with an average idle rate of 24,128 Btu per hour.*

Annual Energy-Savings Algorithm
Thermssavep = (EDAY, BASELINE — Epay, ENERGYSTAR) * OpDay * (1/100,000)

Epay = [(LBFOOD * Epooo)/Efficiency] + GasldleRate * [OpHrs - (LBFOOD/PC) - (TPREHT/60)] + Eprent

kWhsaveo = kWhannuat, saseuine — KWhannua, eneray star

kWhannua = ElecldleRate * OpDay * [OpHrs — (LBrooo/PC)]

Where:
Epav = Daily energy consumption (Btu)
OpDays = Operating days per year (= varies by model; see table below)
1/100,000 = Btu to therms conversion
LBroop = Pounds of food cooked per day (= varies by model; see table below)
Eroop = ASTM Energy to Food (Btu/Ib; = varies by model, see table below)
Efficiency = ASTM Heavy Load Cooking Energy Efficiency (%; = varies by model, see

table below)

GasldleRate = Gas Idle energy rate (Btu/hr; = varies by model, see table below)

OpHrs = Operating hours per day (= varies by model; see table below)
TpREHT = Preheat time in minutes (= varies by model; see table below)
60 = Conversion from minutes to hours

Eprent = Preheat energy (Btu; = varies by model, see table below)

ElecldleRate = Electric Idle energy rate (kW; = varies by model, see table below)

PC = Production capacity (lb/hr; = varies by model, see table below)
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Parameter Values by Model

Slngle Rack Double Rack
Parameter ENERGY ENERGY
Baseline EE TS
STAR STAR

Preheat Energy (Btu; Epren) 50,000 44,000 100,000 85,000 4
Gas Idle Energy Rate (Btu/hr; GasldleRate) 24,451 21,009 37,971 24,128 4
Electric Idle Energy Rate (kW; ElecldleRate) 0.80 0.51 1.55 1.14 4
Heavy-Load Energy Efficiency (%,; Efficiency) 43.5% 48.9% 50.5% 53.9% 4
ASTM Energy to Food (Btu/lb; Eroop) 250 250 250 250 6
Production Capacity (lbs/hr; PC) 141 137 268 281 4
Operating Hours per Day (OpHrs) 12 12 12 12 4
Operating Days per Year (OpDays) 365 365 365 365 4
Preheat time in minutes (TerenT) 15 15 15 15 7
Lbs of Food Cooked per Day (LBroop) 600 600 1,200 1,200 4
Summer Coincident Peak Savings Algorithm
kWsavep = ElecldleRatepaseune — ElecldleRateeneray star
Where:
ElecldleRatesaseune = Electric Idle energy rate (kW; = varies by model, see table above)

ElecldleRateenereystar= Electric Idle energy rate (kW; = varies by model, see table above)

Lifecycle Energy-Savings Algorithm
KWhyeecvere = KWhsaveo * EUL

Therms, cecycie = Thermssavep * EUL

Where:
EUL = Effective useful life (= 12 years)'?

Deemed Savings

Natural Gas and Eelectricity Deemed Savings per ENERGY STAR, Natural Gas, Rack Type Oven

Annual Lifecycle Lifecycle
TN
Single Compartment 2488 0.29 9,936 3,060
Double Compartment 2487 1,002 529 0.41 12,024 6,348
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Sources
1. Food Service Technology Center. Gas Rack Oven Life-Cycle Cost Calculator.
www.fishnick.com/saveenergy/tools/calculators/grackovencalc.php

2. California Energy Commission and California Public Utilities Commission. Database for Energy
Efficient Resources. 2008. www.energy.ca.gov/deer

3. ENERGY STAR® Commercial Kitchen Savings Calculator. Accessed 03/11/2016. All Rack Ovens
Incremental Cost = $S0.00. Available online:
https://www.energystar.gov/products/commercial food service equipment

4, Commercial Ovens Draft 2 Version 2.2 Plots, ENERGY STAR website for development of
Commercial Ovens Specification Version 2.2.

http://www.energystar.gov/products/spec/commercial ovens specification version 2 2 pd.

(Implementer had personal communication with Consortium for Energy Efficiency staff to obtain
the data tables used to generate these public plots of rack oven performance).

5. ENERGY STAR Commercial Ovens Program Requirements, Version 2.2. www.energystar.gov/
sites/default/files/Commercial%200vens%20Final%20Version%202.2%20Specification.pdf

6. ENERGY STAR Commercial Kitchen Equipment Calculator (used convection ovens value since a
separate value for rack ovens is not yet available). www.energystar.gov/buildings/sites/default/

uploads/files/commercial kitchen equipment calculator.xlsx

7. Wisconsin Focus on Energy Technical Reference Manual. October 22, 2015. (Preheat time listed
as 15 minutes and “deemed” for convection ovens (MMID 2485, 2486) and combination ovens
(MMID 3118, 3119).

Revision History

01 11/11/2015 Updated from Wisconsin Focus on Energy QPL to ENERGY STAR
04 01/22/2016 Updated per comments
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Commercial Refrigerator, ENERGY STAR

Measure Master 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/yr)

Effective Useful Life (years)
Incremental Cost (S/unit)

CADMUS

Refrigerator, Chest, Glass Door:
<15 cu ft, ENERGY STAR, 2521
15-29 cu ft, ENERGY STAR, 2522
30-49 cu ft, ENERGY STAR, 2523
50+ cu ft, ENERGY STAR, 2524

Refrigerator, Chest, Solid Door:
<15 cu ft, ENERGY STAR, 2525
15-29 cu ft, ENERGY STAR, 2526
30-49 cu ft, ENERGY STAR, 2527
50+ cu ft, ENERGY STAR, 2528

Refrigerator, Vertical, Glass Door:
<15 cu ft, ENERGY STAR, 2529
15-29 cu ft, ENERGY STAR, 2530
30-49 cu ft, ENERGY STAR, 2531
50+ cu ft, ENERGY STAR, 2532

Refrigerator, Vertical, Solid Door:
<15 cu ft, ENERGY STAR, 2533
15-29 cu ft, ENERGY STAR, 2534
30-49 cu ft, ENERGY STAR, 2535
50+ cu ft, ENERGY STAR, 2536

Per refrigerator

Prescriptive

Food Service

Refrigerator / Freezer - Commercial
Commercial, Industrial, Agriculture, Schools & Government
Varies by size and door type

Varies by size and door type

0

Varies by size and door type

0

0

121

$0.00 (for all)®
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Measure Description

This measure is installing refrigeration equipment that meets ENERGY STAR Version 3.0 performance

specification, effective October 1, 2014.2 ENERGY STAR commercial solid and glass door refrigerators

are designed to be more energy efficient than standard units and use higher efficiency ECM evaporator

and condenser fan motors, a hot natural gas anti-sweat heater, or high-efficiency compressors.

Description of Baseline Condition

The baseline condition is a unit meeting U.S. Department of Energy commercial refrigeration equipment
standards effective January 10, 2010.3

Description of Efficient Condition
The efficient equipment is a certified ENERGY STAR Version 3.0 vertical and horizontal closed door.

Annual Energy-Savings Algorithm
kWhsaveo = (KWhgaseuine — KWheneray star) * Days

Where:

Unit Type

Vertical Closed

Refrigerators

Horizontal Closed
Refrigerators*

kWhgaseLine

kWheneray star

Days

Door Type

Solid

Transparent

Solid

Transparent

Daily baseline unit consumption (= varies by unit; see table below)*

Daily qualifying unit consumption (=varies by unit; see table below)*

Annual days of operation, deemed (= 365)

Parameter Values by Unit Type

O<V<15
15<V<30
30<V<50

50<V
0<V<15
15<V<30
30<V<50
50<V

All volumes

Daily
Baseline
Consumption
0.10V +2.04
0.10V +2.04
0.10V +2.04
0.10V +2.04
0.12V +3.34
0.12V +3.34
0.12V +3.34
0.12V +3.34
0.10V +2.04
0.12V +3.34

DET Y
Qualifying
Consumption
0.02V +1.60
0.09V +0.55
0.01V +2.95
0.06V + 0.45
0.10V + 1.07
0.15V +0.32
0.06V +3.02
0.08V +2.02

0.06V +0.60

Annual
Savings
(kWh)

430
620
1,063
1,564
890
865
1,031
1,461

726

On Peak
Savings
(kw)
0.0491
0.0708
0.1214
0.1785
0.1016
0.0987
0.1177
0.1668

0.0828

Lifecycle
Savings
(kWh)

5,160
7,440
12,756
18,768
10,680
10,380
12,372
17,532

8,712

* The U.S. EPA provided a masked data set for the horizontal closed refrigerators and freezers that did not

distinguish solid door units from transparent door horizontal units. The solid door daily baseline consumption was

used as a conservative savings estimate for the horizontal closed unit type.
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Summer Coincident Peak Savings Algorithm
kWsaveo = kWhsaveo® (CF / HOU)

Where:
CF
HOU

Coincidence factor (= 1)°
Hours-of-use, deemed (= 8,760)

Lifecycle Energy-Savings Algorithm
kWhuirecvete = kWhsaveo * EUL

Where:
EUL = Effective useful life (= 12 years)*

Deemed Savings

Deemed Savings Values by Measure

Deemed Savmgs Values
Measure Master Name kWh - kWh -
Annual Lifecycle

Refrigerator, Chest, Glass Door, < 15 cu ft, ENERGY STAR 2521 8,712 0.0828
Refrigerator, Chest, Glass Door, 15-29 cu ft, ENERGY STAR 2522 726 8,712 0.0828
Refrigerator, Chest, Glass Door, 30-49 cu ft, ENERGY STAR 2523 726 8,712 0.0828
Refrigerator, Chest, Glass Door, 50+ cu ft, ENERGY STAR 2524 726 8,712 0.0828
Refrigerator, Chest, Solid Door, < 15 cu ft, ENERGY STAR 2525 726 8,712 0.0828
Refrigerator, Chest, Solid Door, 15-29 cu ft, ENERGY STAR 2526 726 8,712 0.0828
Refrigerator, Chest, Solid Door, 30-49 cu ft, ENERGY STAR 2527 726 8,712 0.0828
Refrigerator, Chest, Solid Door, 50+ cu ft, ENERGY STAR 2528 726 8,712 0.0828
Refrigerator, Vertical, Glass Door, < 15 cu ft, ENERGY STAR 2529 890 10,680 0.1016
Refrigerator, Vertical, Glass Door, 15-29 cu ft, ENERGY STAR = 2530 865 10,380 0.0987
Refrigerator, Vertical, Glass Door, 30-49 cu ft, ENERGY STAR = 2531 1,031 12,372 0.1177
Refrigerator, Vertical, Glass Door, 50+ cu ft, ENERGY STAR 2532 1,461 17,532 0.1668
Refrigerator, Vertical, Solid Door, < 15 cu ft, ENERGY STAR 2533 430 5,160 0.0491
Refrigerator, Vertical, Solid Door, 15-29 cu ft, ENERGY STAR 2534 620 7,440 0.0708
Refrigerator, Vertical, Solid Door, 30-49 cu ft, ENERGY STAR 2535 1,063 12,756 0.1214
Refrigerator, Vertical, Solid Door, 50+ cu ft, ENERGY STAR 2536 1,564 18,768 0.1785
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Sources
1. ENERGY STAR Program Calculator for Commercial Refrigerators and Freezers
http://www.energystar.gov/sites/default/files/asset/document/appliance calculator.xlsx

2. ENERGY STAR Program Requirements for Commercial Refrigerators and Freezers, Version 3.0.

3. U.S. Department of Energy. Commercial Refrigeration Equipment Standards. Effective January
20, 2010.

4. U.S. Environmental Protection Agency. Masked data set for commercial refrigerators and
freezers, provided May 2013.

5. The Summer Peak Coincidence Factor is assumed to equal 1.0, since the annual kWh savings is
divided by the total annual hours (8760), effectively resulting in the average kW reduction
during the peak period.

6. ENERGY STAR® Calculator Commercial Kitchen Equipment. Accessed 03/2016. "Commercial
refrigerator" incremental cost is $0.00 for all. Available online: https://www.energystar.gov/
sites/default/files/asset/document/commercial_kitchen equipment calculator.xlsx

Revision History

01 01/2015 Initial TRM entry
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Commercial Freezers, ENERGY STAR

Measure Master 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/yr)

Effective Useful Life (years)
Incremental Cost (S/unit)

CADMUS

Freezer, Chest, Glass Door:
<15 cu ft, ENERGY STAR, 2321
15-29 cu ft, ENERGY STAR, 2322
30-49 cu ft, ENERGY STAR, 2323
50+ cu ft, ENERGY STAR, 2324

Freezer, Chest, Solid Door:

<15 cu ft, ENERGY STAR, 2325
15-29 cu ft, ENERGY STAR, 2326
30-49 cu ft, ENERGY STAR, 2327
50+ cu ft, ENERGY STAR, 2328

Freezer, Vertical, Glass Door:
<15 cu ft, ENERGY STAR, 2329
15-29 cu ft, ENERGY STAR, 2330
30-49 cu ft, ENERGY STAR, 2331
50+ cu ft, ENERGY STAR, 2332

Freezer, Vertical, Solid Door:

<15 cu ft, ENERGY STAR, 2333
15-29 cu ft, ENERGY STAR, 2334
30-49 cu ft, ENERGY STAR, 2335
50+ cu ft, ENERGY STAR, 2336

Per freezer

Prescriptive

Food Service

Refrigerator / Freezer - Commercial
Commercial, Industrial, Agriculture, Schools & Government
Varies by size and door type

Varies by size and door type

0

Varies by size and door type

0

0

121

Varies by measure, see Appendix D
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Measure Description

This measure is installing refrigeration equipment that meets ENERGY STAR Version 3.0 performance
specification, effective October 1, 2014.2 ENERGY STAR commercial solid door and glass door freezers
are more energy efficient than standard units, and use higher efficiency ECM evaporator and
condenser fan motors, hot natural gas anti-sweat heater, or high-efficiency compressors.

Description of Baseline Condition
The baseline condition is a unit meeting U.S. Department of Energy commercial refrigeration equipment
standards effective January 10, 2010.3

Description of Efficient Condition
The efficient condition is certified ENERGY STAR Version 3.0 vertical and horizontal closed freezers.

Annual Energy-Savings Algorithm
kWhsaveo = (KWhgaseuine — KWheneray star) * Days

Where:
kWhgaseLine

Daily baseline unit consumption (= varies by unit; see table below)

kWhenereystar = Daily qualifying unit consumption (= varies by unit; see table below)

Days Annual days of operation, deemed (= 365)

Parameter Values by Unit Type*

DET Y Daily Annual On Peak Lifecycle
Unit Type Door Type Baseline Qualifying Savings Savings Savings
Consumption | Consumption (kwh) (kw) (kwh)
0<V<15 0.4v+1.38 0.25V+1.55 447 0.051 5,364
Solid 15<V<30 0.4v+1.38 0.20V+2.30 1,204 0.1374 14,448
oli
30<V<50 0.4v+1.38 0.25V+0.80 2,557 0.2919 30,684
Vertical Closed 50<V 0.4v+1.38 0.14V +6.30 4,602 0.5254 55,224
Freezers 0<V<15 0.75V+4.10 0.56V +1.61 1,266 0.1445 15,192
15<V<30  0.75V+4.10 0.30V+5.50 3,134 0.3578 37,608
Transparent
30<V<50 0.75V+4.10 0.55V - 2.00 5,422 0.6189 65,064
50<V | 0.75V+4.10 0.32V+9.49 8,351 0.9533 100,212
Horizontal Solid 0.4V +1.38
All volumes 0.10V +0.20 672 0.0767 8,064
Closed Freezers* = Transparent 0.75V +4.10

* The U.S. EPA provided a masked data set for the horizontal closed refrigerators and freezers that did not distinguish

solid door units from transparent door horizontal units. The solid door daily baseline consumption was used as a

conservative savings estimate for the horizontal closed unit type.
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Summer Coincident Peak Savings Algorithm
kWsaveo = kWhsaveo / HOURS

Where:
HOURS = Hours-of-use, deemed (= 8,760)

Lifecycle Energy-Savings Algorithm
kWhuiecvete = kWhsaveo * EUL

Where:
EUL = Effective useful life (= 12 years)*

Deemed Savings

Deemed Savings Values by Measure

Deemed Savings
Measure Master Name -
kWh - Annual | kWh - Lifecycle
672

Freezer, Chest, Glass Door, < 15 cu ft, ENERGY STAR 2321 8,064 0.0767
Freezer, Chest, Glass Door, 15-29 cu ft, ENERGY STAR 2322 672 8,064 0.0767
Freezer, Chest, Glass Door, 30-49 cu ft, ENERGY STAR 2323 672 8,064 0.0767
Freezer, Chest, Glass Door, 50+ cu ft, ENERGY STAR 2324 672 8,064 0.0767
Freezer, Chest, Solid Door, < 15 cu ft, ENERGY STAR 2325 672 8,064 | 0.0767
Freezer, Chest, Solid Door, 15-29 cu ft, ENERGY STAR 2326 672 8,064 0.0767
Freezer, Chest, Solid Door, 30-49 cu ft, ENERGY STAR 2327 672 8,064 0.0767
Freezer, Chest, Solid Door, 50+ cu ft, ENERGY STAR 2328 672 8,064 0.0767
Freezer, Vertical, Glass Door, < 15 cu ft, ENERGY STAR 2329 1,266 15,192 0.1445
Freezer, Vertical, Glass Door, 15-29 cu ft, ENERGY STAR 2330 3,134 37,608 | 0.3578
Freezer, Vertical, Glass Door, 30-49 cu ft, ENERGY STAR 2331 5,422 65,064 0.6189
Freezer, Vertical, Glass Door, 50+ cu ft, ENERGY STAR 2332 8,351 100,212 = 0.9533
Freezer, Vertical, Solid Door, < 15 cu ft, ENERGY STAR 2333 447 5,364  0.051
Freezer, Vertical, Solid Door, 15-29 cu ft, ENERGY STAR 2334 1,204 14,448 0.1374
Freezer, Vertical, Solid Door, 30-49 cu ft, ENERGY STAR 2335 2,557 30,684 | 0.2919
Freezer, Vertical, Solid Door, 50+ cu ft, ENERGY STAR 2336 4,602 55,224 | 0.5254
Sources

1. ENERGY STAR Program Calculator for Commercial Refrigerators and Freezers
http://www.energystar.gov/sites/default/files/asset/document/appliance calculator.xlsx

2. ENERGY STAR Program Requirements for Commercial Refrigerators and Freezers, Version 3.0.
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U.S. Department of Energy. Commercial Refrigeration Equipment Standards. Effective January

20, 2010.
U.S. Environmental Protection Agency. Masked data set for commercial refrigerators and

freezers, provided May 2013.

Revision History

01 01/2015 Initial TRM entry
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HVAC

Demand Control Ventilation for Air Handling Units

Measure Master ID Demand Control Ventilation for Air Handling Units, 2853
Measure Unit Per CFM of outside air controlled

Measure Type Hybrid

Measure Group HVAC

Measure Category Controls

Sector(s) Commercial, Industrial, Agriculture, Schools & Government
Annual Energy Savings (kWh) Calculated

Peak Demand Reduction (kW) 0

Annual Therm Savings (Therms) Calculated

Lifecycle Energy Savings (kWh) Calculated

Lifecycle Therm Savings (Therms) Calculated

Water Savings (gal/yr) 0

Effective Useful Life (years) 10!

Incremental Cost ($/unit) $1.00/CFM?

Measure Description

Commercial spaces are required to provide ventilation based on a minimum flow rate of outside air, as
calculated using the area of conditioned space and number of occupants. Standard systems are unable
to measure the number of occupants and must default to a maximum occupancy based ventilation rate.
Demand control ventilation measures that carbon dioxide is in the space as a proxy for occupants, and
allows the occupant-based portion of ventilation to be reduced below the maximum, resulting in
heating and cooling savings.

Description of Baseline Condition

The baseline equipment is a packaged, split, or built-up air handler with an economizer that does not
provide ventilation during unoccupied operation. Heating is assumed to be provided by natural gas
equipment with an operating efficiency of 80%. Cooling efficiencies are estimated at code requirements
according to the table below.
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5By
-

Cooling Efficiency Code Requirements

IECC 2009 Table 503.2.3(1) Minimum Efficiency

Standard AC Unit < 65 kBtu/h (5.42 tons) 13.0 SEER
Standard AC Unit = 65 and < 135 kBtu/h (5.42 to 11.25 tons) 11.0 EER
Standard AC Unit > 135 and < 239 KBtu/h (11.25 to 20 tons) 10.8 EER
Standard AC Unit = 240 and < 759 kBtu/h (20 to 63.33 tons) 9.8 EER
Standard AC Unit > 760 kBtu/h (63.33 tons) 9.5 EER

Description of Efficient Condition

The efficient equipment includes packaged, split, or built up air handlers that control outside air by
monitoring carbon dioxide conditions in the space and adjusting ventilation to meet the occupancy
based space requirement while not falling below the conditioned area requirement.

Annual Energy-Savings Algorithm
kWhsavep = (4.5 * CFM * Ah) * (EFLHcooL * 12 / EER) * SFcooL / 3,412 * (HOURS/HOURScooL)

Thermsaveo = (1.08 * CFM) * HOURS * HDD / r1/ 100,000 * SFueat

Where:

4.5 = Conversion factor for flow rate and specific volume of air for enthalpy
based cooling calculation

CFM = OQutside airflow in cubic feet per minute, provided by customer

Ah = Difference in enthalpy (Btu/Ilbm) between the design day outside air
conditions and the return air conditions; lbm is pounds per mass.

EFLHcoor = Equivalent full-load cooling hours (= varies by building type; see table
below)®

12 = Conversion factor from EER to kW/ton

EER = Energy efficiency ratio of the existing equipment, assumed to be code
(= varies by unit size; see table above)

SFcool = Deemed cooling savings factor (= varies by building type; see table
below)®

3,412 = Conversion factor from BTU to kWh

HOURS = Hours of operation per day, provided by customer

HOURScoo. = Default hours of operation per day used in EFLHcooL (= varies by building
type; see table below)®
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1.08 = Conversion factor for flow rate and specific volume of air for dry bulb
heating calculation

HDD = Heating degree days (using base 65; = see table below)
n = Heating efficiency (= assumed to be 0.83)
SFheat = Deemed heating savings factor (= varies by building type; see table

below)®

Enthalpies, HDD, and Incremental Costs

Design Cooling Cooling Return
h (Btu/lbm) h (Btu/lbm)

Weighted Wisconsin Average 32.15 28.86 7,616

Cooling and Heating Savings Factors and Equivalent Full-Load Hours by Building Type

Building Type Eftso | HOURS 00

Food Sales 0.34 0.40 17.25
Food Service 0.34 0.40 578 11.50
Health Care 0.34 0.40 803 24.00
Hotel/Motel 0.15 0.18* 663 24.00
Office 0.15 0.18 578 11.50
Public Assembly 0.34 0.40 535 11.50
Public Services (non-food) 0.34 0.40 535 11.50
Retail 0.34 0.40 567 11.50
Warehouse 0.31 0.36 358 11.50
School 0.34 0.40 439 13.00
College 0.34 0.40 877 13.20
Other 0.15 0.18 589 11.50

* This value is applicable to common areas and conference rooms, but not to sleeping areas.

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

Lifecycle Energy-Savings Algorithm
kWhuireevere = kWhsaveo * EUL
Thermyrecyeie = Thermsaveo * EUL

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

CADMUS

Wisconsin Focus on Energy Technical Reference Manual 101



mailto:focusinfo@focusonenergy.com

.® . 1 South Pinckneye Suite 340 « Madison W1 53703

focus on energy- phone: 608.230.7000

: i : : — fax: 608. 230.7035
Partnering with Wisconsin utilities focusinfo@focusonenergy.com

Assumptions

EFLHcooL data based on DOE2/Equest building simulation. The prototype building models are based on
the California DEER study prototypes, modified for local construction practices and code. Simulations
were run using TMY3 weather data.

Assumed ventilation rates complied following the requirements of ASHRAE standard 62.1 - 2004.

Incremental costs include controls and programming, and assumes a similar cost between Direct
Expansion and water cooled equipment.

Savings assume a constant volume air system.

Savings assume existing economizer operation, and that economizer operation is given preference over
a demand control ventilation strategy.

Assumes savings in hospitals and clinics is limited to areas without a code required ACH of fresh air.

Sources
1. 2013 Conneticut TRM. http://www.energizect.com/sites/default/files/
2013%20PSD_ProgramSavingsDocumentation-Final110112.pdf
2. Historical data (1/1/14 - 8/10/16)
3. "ANSI/AHRI 210/240-2008: 2008 Standard for Performance Rating of Unitary Air-Conditioning &
Air-Source Heat Pump Equipment."”

4. Trane. "Psychometric Chart at Barometric Pressure 29.921 Inches of Mercury." and ASHRAE
2009 Fundamentals. Cooling DB/MCWB @ 0.4% averaged for state.

5. Franklin Energy Services. Assumed cooling setpoint of 74°F with 50% relative humidity and a 2°F
temperature rise in the return plenum.

6. Focus on Energy Deemed Savings Manual.
Franklin Energy Services. Calculated through energy modeling with certain building type square
footage modified based on economizer operation hours. Savings limited to 40% based on
professional experience due to concerns for negative building pressurization and minimum
outside air requirements per square footage of occupied facility. Higher values may be obtained,
requiring custom calculations.

Revision History

01 01/01/2013 Revised measure
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Parking Garage Ventilation Controls

Measure Master ID Parking Garage Ventilation Controls, 3493
Measure Unit Per exhaust fan system
Measure Type Hybrid
Measure Group HVAC
Measure Category Controls
Commercial, Industrial, Agriculture, Schools & Government,
Sector(s) . ) .
Residential- multifamily
Annual Energy Savings (kWh) Varies by fan horsepower
Peak Demand Reduction (kW) 0
Annual Therm Savings (Therms) 0
Lifecycle Energy Savings (kWh) Varies by fan horsepower
Lifecycle Therm Savings (Therms) 0
Water Savings (gal/yr) 0
Effective Useful Life (years) 51
Incremental Cost ($/unit) $607.00?

Measure Description

The proposed measure requires controlling ventilation airflow in enclosed parking garages based on
carbon monoxide concentrations, while maintaining code required run hours.? By controlling airflow
based on need rather than running constantly, the system will save energy and maintain a safe
environment.

Description of Baseline Condition
The baseline condition is 24-hour garage exhaust fan operation.

Description of Efficient Condition
The efficient condition is garage exhaust fan(s) controlled by carbon monoxide sensor(s) with a
minimum five hours of daily operation.

Annual Energy-Savings Algorithm
kWhSAVED = kWhB - ktho

kWhg = HPran * 0.746 * 24 * 365
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kWhco = HPan * 0.746 * HOURSgun * 365

Where:
kWhg = Annual electricity consumption of baseline fan control system
kWhco = Annual electricity consumption of CO fan control system
HPean = Total horsepower of garage ventilation fan motor(s)
0.746 = Kilowatts per horsepower
24 = Hours per day
365 = Days per year
HOURSrun = Average daily exhaust fan run hours with CO control system (=7 to

account for 5 hour minimum plus additional CO sensing run time)

Summer Coincident Peak Savings Algorithm
There are no coincident peak savings associated with this measure.

Lifecycle Energy-Savings Algorithm
kWhurecvete = (kWhs - kWheo) * EUL

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

Sources
1. State of Wisconsin Public Service Commission of Wisconsin. Focus on Energy Evaluation Business
Programs: Measure Life Study — Ventilation Controls Installed - Final Report. August 25, 2009.
Available online:
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

2. Actual Program Data for MMID 3016, 2014-2016. 2 multifamily projects average actual cost of
$607.00.
3. Wisconsin Legislature SPS 364.0404 - minimum enclosed garage ventilation

https://docs.legis.wisconsin.gov/code/admin code/sps/safety and buildings and environmen
t/361 366/364/11/0404

Revision History

01 12/31/2012 New measure
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Surgery Occupancy, HVAC Controls

Measure Master ID HVAC Controls, Surgery Occupancy, 3632
Measure Unit Per upgrade

Measure Type Hybrid

Measure Group HVAC

Measure Category Controls

Sector(s) Commercial, Schools & Government
Annual Energy Savings (kWh) Varies by type of savings

Peak Demand Reduction (kW) Varies by type of savings

Annual Therm Savings (Therms) Varies by type of savings

Lifecycle Energy Savings (kwWh) Varies by type of savings

Lifecycle Therm Savings (Therms) Varies by type of savings

Water Savings (gal/yr) 0

Effective Useful Life (years) 107

Incremental Cost (S/unit) $5,500.008

Measure Description

The savings expected to be realized in the business commercial sector, specifically within hospital air
handlers serving surgery spaces. These air handlers currently operate continuously at a minimum of 20
Air Changes per Hour (ACH), and 4 ACH of outside air. After Building Automation Systems are upgraded
to an extended architecture, the capability to reduce airflow to operating rooms when unoccupied may
be obtained. However, space pressure relationships between an operating room and adjoining spaces
are critical and steps must be taken to prevent an operating room from having negative pressure when
airflow is reduced. Typically, these steps involve installing additional equipment on the return and/or
supply ductwork serving th