Peak Demand Savings [kW] = <Wbasel,g OI(/)VHVLS> x CFg
Equation 64
Where:
Whase = Power input required to move replaced fans at rated speed
Whws = Power input required to move installed HVLS fans at rated speed
Hours = Hours of operation in the project application, as described below
CFs = Summer peak coincidence factor = 1.0, as fans are always operating
in summer peak conditions
1,000 = Constant to convert from W to kW

Retrofit (Early Retirement)

For early retirement projects, the base wattage (Whase) is estimated according to the number of
fans replaced and their rated efficiency:

CFMbase * Nbase

Wbase,ER =
Nbase
Equation 65
Where:
CFMpase = Airflow rate produced by replaced fans
Nbase = Efficacy of replaced fans (CFM/watt)

Note: For retrofit projects where the baseline equipment ratings cannot be determined, the use
of the replace-on-burnout/new construction calculation procedure is permitted.

Replace-on-Burnout/New Construction

For replace-on-burnout or new construction projects, base case power requirements are estimated
for conventional fans producing an equivalent/comparable airflow (CFM) as that of the HVLS fan(s)
being installed. The efficiency of the baseline conventional fans shall be 22 CFM/watt.??7

227 Database of circulating fans tested by the Bioenvironmental and Structural Systems Laboratory of the
Agricultural and Biological Engineering Dept., University of lllinois at Urbana-Champagne including
231 fan models by 17 manufacturers. Average efficacy ratio (CFM/watt) of single-phase, 230V
circulating fans 48” diameter and larger. Available at http://www.bess.illinois.edu/currentc.asp.
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W, — CFMHVLS
Equation 66

Hours of Operation

Table 106 provides the hours to be used in calculating energy savings for HVLS fan installation by
climate zone.

Table 106. HVLS Fans—Hours of Circulating Fan Operation by Barn Type??

iClimate zoné m

Climate Zone 1: 2,215
Amarillo

Climate Zone 2: Dallas 3,969
Climate Zone 3: 4,750
Houston

Climate Zone 4: Corpus 5,375
Christi

Climate Zone 5: El 3,034
Paso

Claimed Peak Demand Savings

A summer peak period value is used for this measure. Refer to Volume 1, Section 4 for further
details on peak demand savings and methodology.

Deemed Energy and Demand Savings Tables

This section is not applicable as these calculations are entirely dependent on site-specific
parameters.

Measure Life and Lifetime Savings

The EUL of an HVLS fan is closely related to that of its motor. The US DOE Advanced
Manufacturing Office’s Motor Systems Tip Sheet #322° suggests motors should last
approximately 35,000 hours. The average annual hours of operation in dairy farms for the Texas
TRM zones is about 3,870 hours. Accordingly, the EUL for HVLS fans in Texas is estimated to
be 9 years.

228 Docket No. 40885 provides demand and energy savings by building type and cooling equipment for
the four different climate zones. This original petition was dated 10/29/2012. An amended petition
dated 11/13/2012 was approved, which provides the original energy and demand coefficients (Table 2
18: CF and EFLH Values for Amarillo (Climate Zone 1) through Table 2-16, but also amended Tables
(B3a through B3d and B4a through B4d).

22° DOE Motor Systems Tip Sheet #3 available at
https://www.energy.gov/sites/prod/files/2014/04/f15/extend motor operlife motor systemts3.pdf.
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Program Tracking Data and Evaluation Requirements

The below list of primary inputs and contextual data is recommended to be specified and
tracked by the program database to inform the evaluation and apply the savings properly.

All Projects:

Barn type (animal)

Climate zone or county

Decision/action type: ROB, NC, or ER

HVLS fan(s): diameter, rated HP, rated CFM, count

For early retirement only: replaced fans: count, diameter, rated HP, rated CFM, rated
CFM/watt

References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 107. HVLS Fans—Revision History

CTRM version “ Pescription of thange
v7.0 10/2019 TRM v7.0 origin.
v8.0 10/2020 TRM v8.0 update. General reference checks and text edits.
v9.0 10/2021 TRM v9.0 update. No revision.
v10.0 10/2022 TRM v10.0 update. No revision.
v11.0 10/2023 TRM v11.0 update. No revision.
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2.2.10 Small Commercial Evaporative Cooling Measure Overview
TRM Measure ID: NR-HV-EC
Market Sector: Small Commercial
Measure Category: HVAC
Applicable Building Types: See Table 34 through Table 40
Fuels Affected: Electricity
Decision/Action Type: Retrofit, new construction
Program Delivery Type: Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Energy modeling, engineering algorithms, and estimates

Measure Description

This section summarizes the deemed savings methodology for the installation of direct evaporative
coolers instead of refrigerated air conditioning systems in small commercial applications. This
measure applies to both retrofit and new construction applications.

Eligibility Criteria

Direct evaporative cooling must be the primary whole-building cooling source. Installed systems
must have a saturation efficiency of 0.85 or greater. Portable, window, indirect, and hybrid
systems are not eligible.

Baseline Condition

The baseline conditions related to efficiency and system capacity for replace-on-burnout and
new construction are as follows:

Replace-on-Burnout (ROB) and New Construction (NC)

Baseline efficiency levels for packaged DX air conditioners < 65,000 Btuh are provided in Table
33. These baseline efficiency levels reflect the latest minimum efficiency requirements from the
current federal manufacturing standard and IECC 2015.
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Table 108. Evaporative Cooling—NC/ROB Baseline Efficiency Levels for DX ACZ¢

Capacity Heating section Baseline
System type (tons) type efficiencies

Packaged air <54 Al 11.8 EER?*? | DOE Standards/
conditioner 14.0 SEER IECC 2015

High-Efficiency Condition

The high-efficiency condition is a direct evaporative cooling system(s) with a saturation
efficiency of at least 0.85.

Energy and Demand Savings Methodoloqgy

Savings Algorithms and Input Variables

1
Summer Peak Demand Savings [kW] = Capp X ———— X DFg X

—— X CRF
nbaseline,c 1;000 w
Equation 67
E Savi [kWh] =C X ! X EFLH; % X CRF
ner, avings =Lta _— —
2 g Pe nbaseline,c ¢ 1;000 w
Equation 68
Where:
Capc = Refrigerated cooling load for equivalent evaporative cooling
system, default = 36,000 Btuh?33; 1 ton = 12,000 Btuh
Nbaseline,C = Cooling efficiency of standard equipment (ROB/NC) [Btuh/W] (see

Table 33)

Note: Use EER for kW savings calculations and SEER for kWh savings calculations.

CFs = Summer peak coincidence factor (see Table 40)
EFLHc = Cooling equivalent full-load hours [hours] (see Table 40)
CRF = Consumption reduction factor?* = 75%

230 |ECC 2015 Table C403.2.3(1) and C403.2.3(2).

231 These baseline efficiency standards noted as “DOE Standards” are cited in the Code of Federal
Regulations, 10 CFR 431.97. http://www.gpo.gov/fdsys/pkg/CFR-2012-title 10-vol3/pdf/CFR-2012-
title10-vol3-sec431-97.pdf.

232 |IECC 2015 Table C403.2.3(1) and C403.2.3(2).

233 New Mexico TRM assumption based on DX AC cooling load for Las Cruces climate zone.

234 Department of Energy, https://iwww.energy.gov/energysaver/evaporative-coolers.
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Deemed Energy and Demand Savings Tables

Deemed peak coincidence factor (CF) and equivalent full-load hour (EFLH) values match those
previously defined for commercial direct expansion (DX) HVAC measures. See Section 2.2.2, Split
and Packaged Air Conditioners and Heat Pumps Measure Overview.

This measure is restricted to climate zone 5.

Table 109. Evaporative Cooling—CF and EFLH Values for Climate Zone 5: El Paso

Building type Principal building activity: CFs: EFLHc
Data center Data center 0.88 2,547
Education College/university 0.87 1,092

Primary school 0.91 996
Secondary school 0.87 742
Food sales Convenience store 0.76 1,251
Supermarket 0.38 347
Food service Full-service restaurant 0.76 1,276
24-hour full-service 0.74 1,413
restaurant
Quick-service restaurant 0.76 1,082
24-hour quick-service 0.77 1,171
restaurant
Healthcare Inpatient 0.81 2,555
Outpatient 0.81 2,377
Large multifamily Midrise apartment 0.88 1,209
Lodging Large hotel 0.63 1,701
Nursing home 0.88 1,228
Small hotel/motel 0.63 1,921
Mercantile Stand-alone retail 0.80 904
24-hour retail 0.86 1,228
Strip mall 0.83 931
Office Large office 0.98 2,423
Medium office 0.77 1,173
Small office 0.84 1,037
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Building type Principal building activity: CFs: EFLHc

Public assembly Public assembly 0.91 1,339
Religious worship | Religious worship 0.63 478
Service Service: Excluding food 0.76 988
Warehouse Warehouse 0.75 324
Other Other 0.38 324

Claimed Peak Demand Savings

A summer peak period value is used for this measure. Refer to Volume 1, Section 4 for further
details on peak demand savings and methodology.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 15 years, as specified in the California Database of Energy
Efficiency Resources (DEER) READI tool for EUL ID HV-EvapCool.?%

Program Tracking Data and Evaluation Requirements

The below list of primary inputs and contextual data is recommended to be specified and
tracked by the program database to inform the evaluation and apply the savings properly.

e Climate zone or county

e Decision/action type: ROB or NC

e Building type

e Baseline number of units

e Baseline rated cooling capacity (CFM)

e |nstalled number of units

e |Installed equipment cooling capacity (CFM)
e |nstalled manufacturer and model

o For retrofit only: Proof of purchase: invoice showing model number; a photo of the
model number on product packaging or installed unit(s); OR an evaluator pre-approved
inspection approach

235 DEER READI (Remote Ex-Ante Database Interface). http://www.deeresources.com/index.php/readi.
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e For new construction only: Proof of purchase: invoice showing model number; a photo
of the model number on product packaging or installed unit(s); as-built design drawings;
HVAC-specifications package that provides detailed make and model information on
installed unit(s); OR an evaluator pre-approved inspection approach

e For Other building types only: A description of the actual building type, the primary
business activity, the business hours, and the HVAC schedule

References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 110. Evaporative Cooling—Revision History

TRM version m Description of change:

v9.0 10/2021 TRM v9.0 origin.

v10.0 10/2022 TRM v10.0 update. No revision.

v11.0 10/2023 TRM v11.0 update. Aligned building type names across all
commercial measures.
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2.2.11Small Commercial Smart Thermostats Measure Overview
TRM Measure ID: NR-HV-ST
Market Sector: Commercial
Measure Category: HVAC
Applicable Building Types: See Table 34 through Table 40
Fuels Affected: Electricity
Decision/Action Types: Retrofit, new construction
Program Delivery Type: Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Energy modeling, engineering algorithms and estimates

Measure Description

This section summarizes the deemed savings methodology for the installation of a smart
thermostat in small commercial applications.

Eligibility Criteria

All commercial customers with refrigerated air conditioning are eligible to claim cooling savings
for this measure. Customers must have electric central heating (either an electric resistance
furnace or a heat pump) to claim heating savings.

The thermostat must control a single-zone direct expansion (DX) split or packaged air
conditioner (AC) or heat pump (HP) limited to 10 tons (120,000 Btu/hr) or lower.

Customers should be advised against using the emergency heat (EM HEAT) setting on HP
thermostats; this setting is meant only for use in emergency situations when the HP is damaged
or malfunctioning. Supplemental heating automatically kicks on in below-freezing conditions
using the regular HEAT setting. Contractors installing a new HP thermostat with equipment
install shall advise customer of correct thermostat usage.

No demand savings should be claimed if the customer is participating in a utility load
management program offering.

Baseline Condition

The baseline condition for retrofit applications is a manual or programmable thermostat. The
baseline condition for new construction applications is a programmable thermostat.236

236 |ECC 2015 C40.2.4.2.
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High-Efficiency Condition

The high-efficiency condition is a single-zone HVAC system being controlled by a smart or
connected thermostat. The ENERGY STAR qualified product listing (QPL)?*” does not include
units marketed for commercial applications; until those units are included, all products marketed
as commercial smart or connected thermostats are allowed to use the savings methodology
specified in this measure.

Energy and Demand Savings Methodoloqgy

Savings Algorithms and Input Variables

This section describes the deemed savings methodology for energy and demand savings for
small commercial smart thermostats.

Total Energy Savings [kWh] = kWh, + kWhy

Equation 69
1 kW 1
Cooling Energy Savings [kWh,] = CAP; X ————— X — X EFLH; X CRF x BAF
1,000 W~ 7
Equation 70
1 kW 1
Heating Energy Savings [kWhy] = CAPy X ————= X — X EFLH; X HRF X BAF
1,000 W~ ny
Equation 71
_ 1kW 1
Summer Peak Demand Savings [kW] = CAP; X ————— X — X CF; X CRF x BAF
1,000 W~
Equation 72
1 kW 1
Winter Peak Demand Savings [kW] = CAPy X ————= X — X CF, X HRF x BAF
1,000 W~ ny
Equation 73
Where:
CAP¢/y = Controlled-HVAC rated cooling/heating capacity (Btuh)?3¢
Ne/u = HVAC rated cooling/heating efficiency (see Table 33 for retrofit

applications; use rated system efficiencies from AHRI or
equivalent certification for new construction)

2371 ENERGY STAR QPL: https://www.energystar.gov/productfinder/product/certified-connected-
thermostats/results.
238 Eligible cooling and heating capacity is capped at 10 tons (or 120,000 btu/hr).
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Note: Use EER2/EER for summer kW, SEER2/IEER for cooling kWh, and HSPF2/HSPF
for heating kWh and winter kW savings calculations. For heating equipment rated in
COP, convert to HSPF by multiplying by 3.412. Heating efficiency should be converted
from 1.0 COP and set to 3.412 HSPF when thermostat is installed in combination with
centrally-controlled electric resistance heat.?%°

EFLH¢/y = Cooling/heating equivalent full-load hours (see Table 36 through
Table 40)

CFsw = Summer/winter coincidence factor (see Table 36 through Table
40)

CRF = Cooling reduction factor = 10%2#

HRF = Heating reduction factor = 8%?24!

BAF = Baseline adjustment factor (1.0 for manual baseline, 0.6 for

programmable and new construction baselines, and 0.8 for
unknown baseline)?42.243

Deemed Energy and Demand Savings Tables
Deemed peak coincidence factor (CF) and equivalent full-load hour (EFLH) values are

presented by building type and climate zone in the split and packaged air conditioners and heat
pumps measure in Table 36 through Table 40.

Claimed Peak Demand Savings

Refer to Volume 1, Section 4 for further details on peak demand savings and methodology.

Claimed Peak Demand Savings

Not applicable.

239 COP converted to HSPF using HSPF = COP 1,055 J/Btu x ,600 JA-h = COP x 3.412.

240 The lower 95 percent confidence limit of weighted national average assumed for residential connected
thermostats measure in Volume 2. While not directly applicable to commercial applications, this
approach was used by the lllinois TRM as a precursor to sector specific data collection. Additionally,
the deemed value falls between the range observed in other state TRMs (from 2-5 percent in the Mid-
Atlantic TRM to 14—-20 percent in the Wisconsin TRM). This factor is approved on a probationary basis
with intent to review consumption data of sampling of participating projects after at least two years of
measure availability.

241 1bid.

242 This factor represents the ratio of thermostat adjustment savings to thermostat replacement savings. It
is based on actual thermostat algorithm data (i.e., degrees of setback, hours values, fan models) from
two years of ComEd AirCare Plus program data (PY9+ and CY2018), including 382 thermostat
adjustment installations and 3,847 thermostat replacement installations.

243 A review of ComEd’s 2020 Baseline Study and 2019-2020 Program Data indicates that replacement
thermostats are approximately 50 percent manual and 50 percent programmable. The unknown value
may be applied as a default if applied consistently for all thermostats in a program year.
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Measure Life and Lifetime Savings
The estimated useful life (EUL) is 11 years as specified in the California Database of Energy

Efficiency Resources (DEER) Remote Ex-Ante Database Interface (READI) tool for EUL ID HV-
ProgTstat.?44

Program Tracking Data and Evaluation Requirements

The below list of primary inputs and contextual data should be specified and tracked by the
program database to inform the evaluation and apply the savings properly:

e Climate zone or county

e Building type

o Decision/action type (retrofit, new construction)

o Baseline thermostat type (manual, programmable, unknown)
e Manufacturer and model number

e Quantity of newly installed thermostats

e HVAC equipment age (retrofit only)

e Cooling type (split AC, packaged AC, split HP, packaged HP)
o Heating type (gas, electric resistance, HP)

e Cooling capacity (Btuh)

o Heating capacity (Btuh)

o Rated cooling efficiency (new construction only)

o Rated heating efficiency (new construction only)

References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

244 DEER READI. http://www.deeresources.com/index.php/ready.
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Document Revision History

Table 111. Smart Thermostats—Revision History

TRM version

v10.0 10/2022 TRM v10.0 origin.
v11.0 10/2023 TRM v11.0 update. No revision.
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2.3 NONRESIDENTIAL: BUILDING ENVELOPE

2.3.1 Cool Roofs Measure Overview
TRM Measure ID: NR-BE-CR
Market Sector: Commercial
Measure Category: Building envelope
Applicable Building Types: All commercial
Fuels Affected: Electricity
Decision/Action Type: Retrofit
Program Delivery Type: Prescriptive
Deemed Savings Type: Look-up tables

Savings Methodology: Energy modeling, engineering algorithms, and estimates

Measure Description

Reflective roofing materials reduce the overall heat load on a building by reducing the total heat
energy absorbed into the building system from incident solar radiation. This reduction in total
load provides space cooling energy savings during the cooling season but reduces free heat
during the heating season, so the measure saves energy in the summer but uses more energy
in winter. Cool roofs are most beneficial in warmer climates and may not be recommended for
buildings where the primary heat source is electric resistance. The measure is for retrofit of
existing buildings.

Eligibility Criteria

The ENERGY STAR® Roofing Products Certification program was discontinued effective June
1, 2022.2%5 Moving forward, installed roofing products will still be required to demonstrate
compliance with the previous ENERGY STAR specification.?4¢ For nonresidential facilities, these
criteria for a high-efficiency roof include:

e An existing roof undergoing retrofit conditions as further defined under the High-Efficiency
Condition section below; a roof installed in a new construction application is not eligible for
applying these methodologies.

e A roof with a low slope of 2:12 inches or less?4’

245 ENERGY STAR Roof Products Sunset Decision Memo.
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20R00f%20Products%20Sunset%
20Decision%20Memo.pdf.

246 ENERGY STAR Program Requirements for Roof Products v2.1.
https://www.energystar.gov/ia/partners/product specs/program_reqs/roofs prog req.pdf.

247 As defined in proposed ASTN Standard E 1918-97.
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e Aninitial solar reflectance of greater than or equal to 65 percent

o A three-year solar reflectance of greater than or equal to 50 percent

o 75 percent of the roof surface over conditioned space must be replaced
o No significant obstruction of direct sunlight to roof

o The facility must be conditioned with central cooling, heating, or both

In lieu of the former ENERGY STAR list of qualified products, roofing product must now have a
performance rating that is validated by the Cool Roof Rating Council (CRRC) 2424 and be listed
on the CRRC Rated Roof Products Directory.?0 This is consistent with the former ENERGY
STAR test criteria’s allowances for products already participating in the CRRC Product Rating
program?®! to submit solar reflectance and thermal emittance product information derived from
CRRC certification. If one of these conditions is not met, the deemed savings approach cannot
be used, and the Simplified M&V methodology or the Full M&V methodology must be used.

Baseline Condition

The baseline is the thermal resistance (i.e., R-value) of the existing roof makeup and the solar
reflectance and emissivity of the surface layer. The R-value is estimated based on code
envelope requirements applicable in the construction year. Solar reflectance and emissivity of
the surface layer are assumed to be 0.2 and 0.9, respectively, based on roof properties listed in
the Lawrence Berkeley National Lab (LBLN) Cool Roofing Materials Database.?%2

The cooling and heating efficiencies are assumed based on the space conditioning of the top
floor of the building and typical code requirements applicable in the construction year.

Table 112. Cool Roofs—Assumed Cooling and Heating Efficiencies (COP)
Construction year; PTHP PTHP Air-cooled | Water-cooled
applicable code coollng heatlng chiller chiller
Before 2011; 2000 IECC

Between 2011-2016; 2009 IECC 3.8 3.1 29 2.8 5.5
After 2016; 2015 IECC 3.8 3.1 29 2.8 5.5

248 CRRC guidance for roof rating alternative to discontinued ENERGY STAR program.
https://coolroofs.org/documents/CRRC-ENERGY-STAR-Sunset-Info-Sheet-2022-03-07.pdf.

2499 CRRC Roof Rating program. https://coolroofs.org/programs/roof-rating-program.

250 CRRC Rated Roof Products Directory. https:/coolroofs.org/directory/roof.

251 CRRC Rated Products Directory: https://coolroofs.org/directory.

252 Lawrence Berkeley National Lab Cool Roofing Material Database.
https://heatisland.lbl.gov/resources/cool-roofing-materials-database.

179
Nonresidential: Building Envelope Texas Technical Reference Manual, Vol. 3
Cool Roofs November 2023



High-Efficiency Condition

The high-efficiency condition depends on the project scope. The project scope is defined as one
of the following:

e Adding surface layer only,
e Adding insulation and surface layer, and
e Rebuilding entire roof assembly.

If the project scope is only to add a new CRRC-rated material as the new surface layer, then the
R-value used for the baseline condition is used for the high-efficiency condition. If the project
scope is to add insulation and a CRRC-rated material as the new surface layer, then the R-
value of the additional insulation is added to the R-value used for the baseline condition. If the
entire roof assembly is rebuilt, then the R-value for each layer of the new roof construction is
summed to get a total new R-value.

The measure requires installation of roof products that have been rated by the CRRC and
demonstrate compliance with the previous ENERGY STAR-certified roof product performance
specifications for the relevant roof application. Initial and three-year reflectance ratings must
meet or exceed the minimum thresholds specified in Table 113.

Table 113. Cool Roofs—ENERGY STAR Specification?

 IRoof slope Characteristic | Perfermance specification
Low slope Initial solar reflectance > 0.65
z212 Three-year solar reflectance >0.50

Energy and Demand Savings Methodoloqy

Savings Algorithms and Input Variables

Energy savings are estimated using EnergyPlus v8.3.0 whole-building simulation. The prototype
building characteristics match those used for developing commercial HVAC coincidence factors
and EFLH and can be found from Table 115 through Table 119. The savings represent the
difference of the modeled energy use of the baseline condition and the high-efficiency condition
divided by the square foot of the roof area. The demand savings are calculated following the
method described in TRM Volume 1.

The deemed energy and demand savings factors are used in the following formulas to calculate
savings:

Energy Savings [kWh] = Roof Area X ESF
Equation 74

253 ENERGY STAR Roof Products Specification.
https://www.energystar.gov/products/building products/roof products/key product criteria.
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Summer Peak Demand Savings [kW] = Roof Area x CFs x 107>
Equation 75

Winter Peak Demand Savings [kW] = Roof Area X CFy, x 107
Equation 76

Where:
Roof Area

Total area of ENERGY STAR roof (sq. ft.)

ESF = Energy savings factor from Table 115 through Table 119 by
building type, pre-/post-insulation levels, and heating/cooling
system

CFs = Peak summer coincidence factor from Table 115 through Table
119 by building type, pre-/post-insulation levels, and
heating/cooling system

CFw = Peak winter coincidence factor from Table 115 through Table 119
by building type, pre/post insulation levels, and heating/cooling
system

If the insulation levels are unknown, use the mapping in Table 114 to estimate the R-value
based on the construction year.

Table 114. Cool Roofs—Estimated R-Value Based on Construction Year

Construction Yeéar Esfimated R-value?4

Before 2011 R=<13
Between 2011 - 2016 13<R<20
After 2016 20<R

Table 115. Cool Roofs—Savings Coefficients for Climate Zone 1: Amarillo

Building type IPre-R-value Post R-value m CFs

Retail R<13 R<13 0.72 19.28 31.74
R<13 13 <R <20 1.26 36.23 36.71

R<13 20 <R 1.25 38.58 35.31

13<R<20 13 <R <20 0.13 4.81 1.88

13<R<20 20 <R 0.12 6.47 0.48

20 <R 20 <R 0.09 3.32 1.30

254 Estimates R-values are based on applicable code requirements in the construction year.
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IPre-R-=value

Building type Post R-value iCFs

Education - chiller R<13 R<13 0.65 11.80 8.31
R<13 13 <R <20 1.10 21.76 31.52

R<13 20 <R 1.25 25.53 37.31

13<R<20 13 <R <20 0.26 4.85 4.59

13<R<20 20 <R 0.38 7.80 9.20

20 <R 20 <R 0.17 3.40 1.17

Education - RTU R<13 R<13 0.26 8.26 262
R<13 13 <R <20 0.43 15.47 12.49

R<13 20 <R 0.49 18.20 14.02

13<R<20 13 <R <20 0.12 4.11 2.05

13<R<20 20 <R 0.18 6.67 3.58

20 <R 20 <R 0.08 2.91 0.28

Office - chiller R<13 R<13 0.21 6.80 1.43
R<13 13 <R <20 0.31 3.44 3.50

R<13 20 <R 0.33 19.30 3.87

13<R<20 13 <R <20 0.09 16.58 0.11

13<R<20 20 <R 0.11 5.94 0.47

20 <R 20 <R 0.06 2.36 0.08

Office - RTU R<13 R<13 0.28 7.46 11.88
R<13 13 <R <20 0.87 15.48 168.51

R<13 20 <R 1.10 18.61 236.76

13<R<20 13 <R <20 0.15 412 -1.23

13<R<20 20 <R 0.38 6.73 67.02

20 <R 20 <R 0.11 2.92 261

Hotel R<13 R<13 0.07 1.33 -2.60
R<13 13 <R <20 0.07 1.83 6.98

R<13 20 <R 0.07 2.03 11.77

13<R<20 13 <R <20 0.04 0.81 -1.45

13<R<20 20 <R 0.04 1.00 3.39

20 <R 20 <R 0.03 0.60 -1.12

Warehouse R<13 R<13 0.04 3.83 -0.20
R<13 13 <R <20 0.11 6.99 3.89

R<13 20 <R 0.14 8.07 5.35

13<R<20 13 <R <20 0.01 1.35 -0.10

13<R<20 20 <R 0.04 2.24 1.36

20 <R 20 <R 0.01 0.90 -0.07

Nonresidential: Building Envelope
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Building type PostRwvalue | _ESF | CFs | CFu _

Other R<13 R<13 0.04 1.33 -2.60
R<13 13 <R <20 0.07 1.83 3.50

R<13 20 <R 0.07 2.03 3.87

13<R<20 13 <R <20 0.01 0.81 -1.45

13<R<20 20 <R 0.04 1.00 0.47

20 <R 20 <R 0.01 0.60 -2.61

Table 116. Cool Roofs—Savings Coefficients for Climate Zone 2: Dallas

Building type PostRovalue | _ESF | CFs __ CFw _

Retail R<13 R<13 0.61 22.03 13.53
R<13 13 <R <20 0.97 37.67 17.30

R<13 20 <R 0.98 40.54 17.32

13<R<20 13 <R <20 0.16 7.57 1.28

13<R<20 20 <R 0.17 9.67 1.29

20 <R 20 <R 0.13 6.22 1.04

Education - chiller R<13 R<13 0.56 10.49 5.11
R<13 13 <R <20 0.82 16.50 8.60

R<13 20 <R 0.92 18.86 11.17

13<R<20 13 <R <20 0.29 5.41 2.36

13<R<20 20 <R 0.36 7.28 4.55

20 <R 20 <R 0.24 437 1.88

Education - RTU R<13 R<13 0.27 10.65 1.53
R<13 13 <R <20 0.39 18.31 3.68

R<13 20 <R 0.43 21.33 4.89

13<R<20 13 <R <20 0.17 7.21 0.77

13<R<20 20 <R 0.21 10.08 1.97

20 <R 20 <R 0.13 5.88 0.60

Office - chiller R<13 R<13 0.23 11.99 0.81
R<13 13 <R <20 0.33 27.48 1.78

R<13 20 <R 0.34 30.55 1.93

13<R<20 13 <R <20 0.13 6.68 0.10

13<R<20 20 <R 0.15 9.76 0.26

20 <R 20 <R 0.10 6.01 0.08
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Building type PostRovalue | _ESF | CFs __ CFw _

Office - RTU

Hotel

Warehouse

Other

Table 117. Cool Roofs—Savings Coefficients for Climate Zone 3: Houston

R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
R<13
R<13
R<13
13<R=<20
13<R=<20
20<R

R<13
13<R=<20
20<R
13<R=<20
20<R
20<R
R<13
13<R=<20
20<R
13<R=<20
20<R
20<R
R<13
13<R=<20
20<R
13<R=<20
20<R
20<R
R<13
13<R=<20
20<R
13<R=<20
20<R
20<R

0.27
0.52
0.62
0.18
0.28
0.15
0.07
0.07
0.07
0.05
0.05
0.05
0.05
0.09
0.16
0.02
0.08
0.01
0.05
0.07
0.07
0.02
0.05
0.01

12.14
24.53
29.45
7.25
11.09
6.03
1.71
2.30
2.56
1.17
1.42
1.01
4.01
6.54
11.16
1.18
4.94
1.02
1.71
2.30
2.56
1.17
1.42
1.01

14.86
84.63
112.16
11.53
39.06
8.66
-0.64
0.78
1.39
-0.46
0.17
-0.36
-0.07
1.47
2.38
-0.05
0.86
-0.03
-0.64
0.78
1.39
-0.46
0.17
-0.36

Buiding type PostRvalue | _ESF | CFs | CFu__

Retail
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R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
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R=<13
13<R=<20
20<R
13<R=<20
20<R
20<R

0.62
1.00
1.01
0.41
0.41
0.14

17.21
29.60
31.61
10.43
11.89

4.66

9.86
17.11
16.52

7.67

7.07

1.07
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Building type: . Pre-R-value | PostR-value ESF | «CFs

Education - chiller R<13 R<13 9.56 -0.28 |
R<13 13<R<20 0.87 15.28 3.52
R<13 20 <R 0.95 17.53 4.52
13<R<20 13<R<20 0.33 5.04 -0.28
13<R<20 20 <R 0.39 6.81 0.50
20 <R 20 <R 0.26 4.05 -0.29
Education - RTU R<13 R<13 0.29 9.39 -0.03
R<13 13<R<20 0.40 15.76 0.90
R<13 20 <R 0.44 18.26 1.08
13<R<20 13<R<20 0.18 6.21 -0.01
13<R<20 20 <R 0.22 8.58 0.16
20 <R 20 <R 0.14 5.08 -0.07
Office - chiller R<13 R<13 0.25 9.45 0.70
R<13 13<R<20 0.33 21.39 1.26
R<13 20 <R 0.34 23.54 1.23
13<R<20 13<R<20 0.17 10.75 0.65
13<R<20 20 <R 0.18 12.84 0.61
20 <R 20 <R 0.12 4.54 0.12
Office - RTU R<13 R<13 0.28 8.30 6.91
R<13 13<R<20 0.46 18.66 37.60
R<13 20 <R 0.54 22.36 50.18
13<R<20 13<R<20 0.19 5.42 4.29
13<R<20 20 <R 0.26 8.39 16.87
20 <R 20 <R 0.15 4.35 3.35
Hotel R<13 R<13 0.08 1.69 0.54
R<13 13<R<20 0.07 2.26 0.17
R<13 20 <R 0.07 2.50 -0.02
13<R<20 13<R<20 0.06 1.21 0.37
13<R<20 20 <R 0.05 1.43 0.21
20 <R 20 <R 0.05 1.03 0.32
Warehouse R<13 R<13 0.05 2.96 -0.09
R<13 13<R<20 0.09 5.13 0.76
R<13 20 <R 0.16 9.21 1.26
13<R<20 13<R<20 0.02 1.32 -0.07
13<R<20 20 <R 0.08 4.66 0.43
20 <R 20 <R 0.01 0.79 0.08
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Building type PostRvalue | _ESF | CFs | CFu _

Other

Table 118. Cool Roofs—Savings Coefficients for Climate Zone 4: Corpus Christi

R<13 R=<13 0.05 1.69 -0.28
R<13 13<R=<20 0.07 2.26 0.17
R<13 20<R 0.07 2.50 -0.02
13<R=<20 13<R=<20 0.02 1.21 -0.28
13<R=<20 20<R 0.05 1.43 0.16
20<R 20<R 0.01 0.79 -0.29

Building type PostR-value | ESF | CFs | CFw _

Retail

R<13 R<13 0.62 13.05 54.33
R<13 13 <R <20 0.99 21.99 35.94

R<13 20 <R 1.00 23.21 34.63

13<R<20 13 <R <20 0.41 8.08 16.20

13<R<20 20 <R 0.41 8.95 14.89

20 <R 20 <R 0.13 3.42 2.05

Education - chiller R<13 R<13 0.60 8.46 0.28
R<13 13 <R <20 0.83 13.55 17.33

R<13 20 <R 0.90 15.49 30.14

13<R<20 13 <R <20 0.31 4.48 -3.69

13<R<20 20 <R 0.36 6.00 6.37

20 <R 20 <R 0.24 3.64 -0.06

Education - RTU R<13 R<13 0.28 7.34 -0.41
R<13 13 <R <20 0.38 11.78 515

R<13 20 <R 0.41 13.53 8.09

13<R<20 13 <R <20 0.17 464 -1.46

13<R<20 20 <R 0.20 6.29 1.47

20 <R 20 <R 0.14 3.77 -0.14

Office - chiller R<13 R<13 0.22 6.44 2.33
R<13 13 <R <20 0.31 13.55 2.86

R<13 20 <R 0.32 15.30 2.47

13<R<20 13 <R <20 0.17 6.34 1.78

13<R<20 20 <R 0.18 7.96 1.40

20 <R 20 <R 0.10 3.27 0.45

186
Nonresidential: Building Envelope
Cool Roofs

Texas Technical Reference Manual, Vol. 3
November 2023



Building type PostRvalue | ESF | CFs | CFw _

Office - RTU

Hotel

Warehouse

Other

R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
R<13
R<13
R<13
13<R=<20
13<R=<20
20<R

R=<13
13<R=<20
20<R
13<R=<20
20<R
20<R
R=<13
13<R=<20
20<R
13<R=<20
20<R
20<R
R=<13
13<R=<20
20<R
13<R=<20
20<R
20<R
R=<13
13<R=<20
20<R
13<R=<20
20<R
20<R

0.26
0.40
0.45
0.18
0.24
0.15
0.07
0.07
0.07
0.05
0.05
0.04
0.05
0.09
0.16
0.02
0.08
0.01
0.05
0.07
0.07
0.02
0.05
0.01

5.02
8.66
10.09
3.61
4.83
2.95
1.13
1.44
1.57
0.78
0.90
0.67
2.10
3.51
6.54
1.21
3.7
0.70
1.13
1.44
1.57
0.78
0.90
0.67

Table 119. Cool Roofs—Savings Coefficients for Climate Zone 5: El Paso

23.11
78.05
100.16
15.10
37.21
10.35
1.99
-1.23
-2.70
1.36
0.00
1.19
0.22
1.39
1.35
0.28
0.24
-0.07
-0.41
-1.23
-2.70
-3.69
0.00
-0.14

Building type PostR-value | ESF | CFs | CFw _

Retail
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R<13
R<13
R<13
13<R=<20
13<R=<20
20<R
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R=<13
13<R=<20
20<R
13<R=<20
20<R
20<R

0.67
1.01
1.02
0.19
0.19
0.15

16.55
26.85
28.78
5.83
7.24
4.74

42.72
67.80
65.27
6.64
412
5.40
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Building type: Pre-R-value Post R-=value ESF CFs

Education - chiller R<13 R<13 9.09 3.85
R<13 13<R<20 0.97 14.42 4.87

R<13 20<R 1.07 16.52 543

13<R<20 13<R<20 0.36 4.80 1.87

13<R<20 20<R 0.44 6.47 2.34

20<R 20<R 0.28 3.91 1.19

Education - RTU R<13 R<13 0.30 8.21 3.09
R<13 13<R<20 0.42 13.43 4.02

R<13 20<R 0.46 15.49 427

13<R<20 13<R<20 0.18 5.16 1.47

13<R<20 20<R 0.22 7.09 1.72

20<R 20<R 0.14 414 0.86

Office - chiller R<13 R<13 0.29 9.72 7.27
R<13 13<R<20 0.39 17.57 12.46

R<13 20<R 0.42 20.35 13.25

13<R<20 13<R<20 0.17 6.68 0.12

13<R<20 20<R 0.20 9.22 0.79

20<R 20<R 0.14 5.39 2.02

Office - RTU R<13 R<13 0.31 9.93 24.02
R<13 13<R<20 0.55 16.57 105.15

R<13 20<R 0.64 19.26 135.96

13<R<20 13<R<20 0.20 5.75 16.21

13<R<20 20<R 0.29 7.78 47.02

20<R 20<R 0.16 4.70 12.77

Hotel R<13 R<13 0.10 1.33 7.04
R<13 13<R<20 0.08 1.58 1.80

R<13 20<R 0.08 1.68 -0.78

13<R<20 13<R<20 0.07 0.95 4.98

13<R<20 20<R 0.06 1.04 2.57

20<R 20<R 0.06 0.81 427

Warehouse R<13 R<13 0.04 2.76 -0.61
R<13 13<R<20 0.09 4.91 1.33

R<13 20<R 0.15 8.27 2.06

13<R<20 13<R<20 0.02 1.31 -0.42

13<R<20 20<R 0.07 3.98 0.30

20<R 20<R 0.01 0.76 -0.19
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