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ORDINANCE NO.

An ordinance amending Title 31 —Green Building Standards Code — of the

Las Angeles County Code, relating to building standards for cool roof construction to

reduce the heat island effect.

The Board of Supervisors of the County of Los Angeles ordains as follows:

SECTION 1. Section 202 is hereby amended to read in alphabetical order as

follows:

202 DEFINITIONS.

COOL ROOF RATING COUNCIL or CRRC. The entity recognized by the

California Energy Commission to rate and certify the reflectance and emittance values

of roofing products.

SECTION 2. Section 301.3.3 is hereby amended to read as follows:

301.3.3 ~lonresidential buildings greater than or equal to 25,000

square feet.

In addition to the requirements of Section 301.3, any newly cons#ructed

nonresidential building greater than or equal to 25,000 square feet shall comply with all

requirements of Section A5.6Q1.2.4 Tier 1. Roofing materials shall com~ly wi#h Tier 2

requirements of Table A5.106.11.2.3.[BSCI.

Exceptions:

1. Compliance with Section A5.601.2.3 shall be voluntary.
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2. High-rise residential buildings of seven stories or greater shall

comply with Table A4.106.5.1(34) in lieu of Table A5.108.11.2.~3.

SECTION 3. Section 4.7 46.6 of Title 31 is hereby added to read as follows:

4.106.6 Cool roof for reduction of heat island effect.

Roofing materials shall comply with the solar reflectance and thermal emittance

requirements of this section.

Exceptions:

1. Roof repair.

2. Roof replacement when the roof area being replaced is equal to or

less than 50 percent of the total roof area.

3. Installation of building-integrated photovoftaics.

4. Installation of asteep-sloped roof (roof slope > 2:12) in climate

zone 16 on other than a loes-rise multifamily building.

5. Additions resulting in less than 500 square feet of added roof area

or less than 50 percent of the total roof area, whichever is greater.

6. Roof construction that has a thermal mass over the roof membrane,

including areas of vegetated (green) roofs, weighing at least 25 pounds per square foot.

4.706.6.1 Solar reflectance.

Roofing materials shall have a minimum 3-year aged solar reflectance equal to or

greater than the values specified in Table 4.106.6(1) and Table 4.106.6(2}.
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Salar reflectance values shall be based on the aged reflectance value of the

roofing product or the equation in Section A4.106.5.1, if the CRRC testing far aged solar

reflectance is not available.

4.'106.6.2 Thermal emittance.

Roofing materials shall have a CRRC initial or aged thermal emittance equal to

or greater than the values specified in Table 4.106.6(1) and Table 4.106.6(2).

4.106.6.3 Solar reflectance index alternative.

Roofing materials having a Solar Reflectance Index (SRI) equal to or greater

than the va{ues specified in Table 4.106.6(1) and Table 4.106.62) may be used as an

alternative to compliance with the 3-year aged solar reflectance and thermal emittance

values.

SRI values used to comply with this section shall be calculated using the SRI

Calculation Worksheet {SRI-WS) developed by the California Energy Commission or in

compliance with ASTM E1980-01, as specified in the current California Energy Code.

Solar reflectance values used in fihe SR(-WS shall be based on fihe aged reflectance

value of the roofing product or the equation in Section A4.106.5.1, if the CRRC certified

aged solar reflectance is not available. Certified thermal emittance used in the SRf-WS

may be either the initial value or the aged value fisted by the CRRC.

SECTION 4. Tables 4.106.6(1) and 4.106.6(2) are hereby added to read as

follows:
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TABLE 4.106.6(1) —LOW-RISE RESIDENTIAL

ROOF SLOPE MINIMUM 3-YEAR THERMAL SRI
AGED SOLAR EMI~ANCE
REFLECTANCE

x2:12 0.65 0.85 78

>2:12 0.25 0.85 20

TABLE 4.746.6{2) —HIGH RISE RESIDENTIAL BUILDINGS, HOTELS AND MOTELS

ROOF SLOPE MINIMUM 3-YEAR THERMAL SRI
AGED SOLAR EMITTANCE
REFLECTANCE

52:12 0.65 Q.75 78

>2:12 0.25 0.75 20

SECTION 5. Section 5.106.11 is hereby added to read as follows:

5.106.11 Cool roof for reduction of heat island effect.

Roofing materials shall comply with the solar reflectance and thermal emittance

requirements of this section.

Exceptions:

1. Roof repair.

2. Roof replacement when the roof area being replaced is equal to or

less than 5Q percent of the total roof area.

3. Installation of building-integrated phatovoltaics.

4. Additions resulting in less than 500 square feet of added roof area

or less than 50 percent of the total roof area, whichever is greater.
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5. Roof construction that has a thermal mass over the roof membrane,

including areas of vegetated (green) roofs, weighing at least 25 pounds per square foot.

5.106.11.1 Solar reflectance.

Roofing materials shall have a minimum 3-year aged solar reflectance equal to or

greater than values specified in Table 5.106.11.

Solar reflectance values shall be based on the aged reflectance value of the

roofing product or the equation in Section A5.106.11.2.1, if the CRRC testing for aged

solar reflectance is not available.

5.106.11.2 Thermal emittance.

Roofing material shall have a CRRC initial or aged thermal emittance equal to or

greater than the values specified in Table 5.106.11.

5.106.11.3 Solar reflectance index alternative.

Roofing material having an SRI equal to or greater than the values specified in

Table 5.106.11 may be used as an alternative to compliance with the 3-year aged solar

reflectance and thermal emittance values.

SRI values used to comply with this section shall be calculated using the SRI-WS

developed by the California Energy Commission or in compliance with ASTM E1980-01,

as specified in the current California Energy Code. Solar reflectance values used in the

SRI-WS shall be based on the aged reflectance value of the roofing product or the

equation in Section A5.106.11.2.1, it the CRRC certified aged solar reflectance is not

available. Certified thermal smittance used in the SR!-WS may be either the initial

value or the aged value listed by the CRRC.
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SECTION 6. Table 5.106.11 is hereby added to read as follows:

TABLE 5.106.11

ROOF SLOPE MINIMUM 3-YEAR THERMAL SRI
AGED SOLAR EMITTANCE
REFLECTANCE

<2:12 0.68 0,85 82

>2:12 0.2$ 0.85 27

SECTION 7. The provisions of this ordinance contain various changes or

modifications to requirements contained in the building standards published in the

California Green Building Standards Code.

Pursuant to California Health and Safety Code sections 17958.5, 17958.7, and

18941.5, the Board of Supervisors hereby expressly finds that all of the changes and

modifications to requirements contained in the building standards published in the

California Green Building Standards Code contained in this ordinance are reasonably

necessary because of local climatic, geological, or topographical conditions in the

County of Los Angeles, as more particularly described in the table set forth below:

GREEN BUILDING STANDARDS CODE AMENDMENTS

CODE SECTION CONDITION EXPLANATION

.106.6, 4.706.6.1, Climatic Environmental resources in the County of

.106.6.2, 4.106.6.3, Table Los Angeles are scarce due to varying

.106.6(1) and Table and occasionally immoderate temperature

.106.6(2) and weather conditions. Adding
mandatory requirements for cool roofs far
residential occupancies wil! achieve a
neater reduction in greenhouse gases,

higher efficiencies of energy, and
im roved environmental air ualit .
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.106.11, 5.106.11.1, Climatic Environmental resources in the County

.106.11.2, 5.106.11.3, and f Los Angeles are scarce due to
able 5.106.11 arying and occasionally immoderate

emperature and weather conditions.
(ding mandatory requirements for cool
ifs for non-residential occupancies
achieve a greater reduction in

:enhouse gases, higher efficiencies of
ergy, and improved environmental air
ality.
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Executive Summary
This Cost Effectiveness Study provides information on product cost, energy savings, cost-effectiveness
and urban heat island mitigation to support minimum reach code requirements for residential and
nonresidential cool roofs for jurisdictions in all California Climate Zones. The 2013 Building Energy
Efficiency Standards, effective July 1, 2014, have been used as the baseline for calculating the energy
performance of cool roofs. There are 162 steep-slope and 289 low-slope products available to meet the
2013 Tide 24 Prescriptive reflectance requirements, including products that meet Reach Code.

Interviews with several roofers and roof supply distributors throughout California in March through
December ?014 found that roofers are currently able to meet the Tier 1 and Tier 2 requirements at little
or no additional cost, depending on the product selected. Multiple roofers made the statement that there
is no additional labor to install cool roof products. This study finds that there are only incremental costs
associated with asphalt shingle cool roof products. Concrete and clay file cool roof products do not have
incremental costs over the base case roof. Most low-slope cool roof products also have no incremental
costs of the base case, primarily because the roofing commonly used in the state is already a cool roof,
though incremental cost data collected has been used in the cost effectiveness analysis to be
conservative.

Several building prototypes were simulated in compliance simulation software to estimate the energy
savings of cool roofs. The energy savings were compared against the cost data collected to deternune the
cost effectiveness of cool roofs. Reach Code recommendations are summarized in Table 1 below.

Table 1. Summary of Reach Code Recommendations

Should Jurisdictions Pursue the Reach Code? 

_CZ , ._ _.... _~ _ _..
Building Loa-

keep- pe
~

Tier.
T~ es? Slo ""

Building T~•pes?

- - No -1 No

2 Yes Tier 2
Low-Rise

Yes Tier 2 X111
Mulrifamil

Yes, if costs Low-Rise3
decrease

Tier 2
Multifamil

Yes Tier Z t1ll

4 Yes Tier 3
Low-Rise

~'es Tier 2 ill
Multifamil

Yes, if costs Low-Rise5
decrease

Tier 2
Multifamil

yes Minimum r1ll

6 Yes Tier 2
Low-Rise

Yes Tier 2 r1ll
Multifamil

7 Yes Tier 2
Low-Rise

~'es Tier 2 X11
Multifamil

8 Yes Tier 2 All Yes Tier 2 rill

9 Yes Tier 2 All Yes Tier 2 rill

10 Yes Tier 2 All Yes Tier 2
~ll except High-Rise

Multifamil
11 Yes Tier 2 All Yes Tier 2 ~ll

12 Yes Tier 2 All Yes Tier 2 rill

13 Yes Tier 2 All Yes Tier 2
~ll except High-Rise

Multifamil
14 Yes Tier 2 All Yes Tier 2 r1ll
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Should Jurisdictions Pursue the Reach Code?
CZ

Steep-Slope Tier?
Buildin

~
Low-

Tiet? Building Types?
Tti-pes Slope

Tier 2 for Low-Rise
Multifamily and

15 Yes Tier 2 All Yes Varies
Nonresidenrial

Tier 1 for High-Rise
Multifamil

16 Yes Tier 2
Low-Rise

yes Tier 2 r1ll
Multifamil

The use of cool roofs as an Urban Heat Island mitigation strategy brings many benefits, including
reduced energy use, reduced air pollution and greenhouse gas emissions, and improved human health
and comfort.
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1. Introduction
Public Resources Code Section 25402.1(h)2 and Section 10-106 of the Building Energy EfFiciency
Standards (Standards) establish a process which allows local adoption of energy standards that are more
stringent than the statewide Standards. This process allows local governments to adopt and enforce
energy standards before the statewide Standards effective date, require additional energy conservation
measures, and/or set more stringent energy budgets. Because these energy standards "reach" beyond
the minunum requirements of Tide 24, Part 6 of the California Building Code, they are commonly
referred to as Reach Codes when adopted as a collective set bj a local jurisdiction.

The process for adopting a Reach Code requires that local governments apply to the California Energy
Commission (CEC) for approval. The applicant jurisdiction must document the supporting analysis for
deterrnining that the proposed Reach Code Standards will save more energy than the current statewide
Standards. The applicant jurisdiction must also prepare a Cost Effectiveness Study that provides the
basis of the local government's determination that the proposed Reach Code Standards are cost-
effective. Once the CEC staff has verified that the local Reach Code Standards will require buildings to
use no more energy than the current statewide Standards and that the documentation requirements in
Section 10-106 are met, the application is brought before the full California Energy Coininission for
approval.

As defined by the 2013 Building Energy Efficiency Standards (Title 24, Part 6), a Cool Roof is "a
roofing material with high thermal emittance [TE] and high solar reflectance [SR]." With the intent of
providing local governments with the bases for adopting cool roof Reach Code measures, TRC
compares the energy savings of cool roofs using simulation software against the costs of installing them,
determining the cost effectiveness of cool roofs in every California Climate Zone.

2. Methodology and Assumptions
2.1 CURRENT AND PROPOSED CODES

The Tide 24 (T24) Standards have been used as the baseline in calculating the energy performance of
cool roof measures summarized in this study. The default assumptions and prescriptive requirements in
the ?013 Title 24 Standards are detailed below in Table 2. All solar reflectances described in this report
are referencing 3-year aged solar reflectance.
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Table 2. Prescriptive 2013 Title 24 Cool Roof Requirements

Default Assumptions -Section 110.8(1)1

Roof Type Climate Zone 3-}'ear Aged Solar Reflectance Thermal Emittance

As halt 1-16 0.08 0.75

Other 1-16 0.10 0.75

l~onresiciental.Pres~riptive - $ c ' n.1, , a ' `

Roof Slope Climate Zone
Minimum 3-}'eat Aged Solat

Reflectance
Thermal Emittance

2:12 1-1G 0.63 0.7~

> 2 : 1? 1-16 0?0 0.7~

High-Rise Residential, Hotel, Motel Prescriptive -Section 140.3(a)1Aii

Roof Slope Climate Zone
Minimum 3-year Aged Solat

Reflectance
Thetmal Emittance

2:12 9-11, 13-15 0.55 0.7~

> 2:12 2-15 020 0.75

~~ Residential Prescripti~~e -Section 150.1(c)11,

Roof Slope Climate Zone
Minimum 3-year Aged Solar

Reflectance
Thermal Emittance

<_ 2:12 13, 15 0.63 0.75

> 2:12 10-15 0.20 0.75

Please note that voluntary Cool Roof Tier 1 and 2 requirements are incorporated in the 2013 Title 24
Cr1LGreen (Title 24, Part 11) drat conflict with Energy Code Title 24 Part 6 prescriptive requirements.'
This discrepancy is discussed in greater detail in the rlppendis (Page 31). According to Chapter 1,
Section 101.6.3 of Tide 24 Part 11: "When the requirements of Cr1LGreen conflict with the
requirements of any other part of the California Building Standards Code, Title 24, the most restrictive
requirement shall prevail." The ?013 Tide 24, Part 6 and Part 11 Cool Roof requirements collectively are
less stringent than the proposed cool roof Reach Code requirements in this cost effectiveness study.

The proposed cool roof Reach Code requirements are in Table 3.

Table 3. Proposed Cool Roof Reach Code Requirements for All Buildings

:.All Building Types,
All Climate Zones

~ 2:12 low-sloe > 2:12 stee -sloe

SR TE SR TE
Minimum Reach Code > 0.63 > 0.75 > 020 > 0.75

TIER 1 > 0.68 > 0.85 > 0.28 > 0.85

TIER2 >0.70 >0.85 >0.34 >0.85

~ Cr1LGreen is available at:
h~i://www.ecodes.biz/ecodes sug~oxt/Free Resources/2013California/13Green/13Green main.html
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2.2 PROTOTYPES FOR BUILDING SIMULATION

TRC used CEC-approved building prototypes and scenarios to model the energy savings of cool roofs,
presented in Table 4 and Table 5. TRC developed the high-rise multifamily prototype using a previous
model from the work done by ARUP on the CEC's Zero Net Energy Roadmap. All prototypes were
iterated to be as close to exactly compliant as possible, and only cool roof characteristics were changed
to isolate the effect of the cool roof.

Prototypes in Table 4 were simulated in CBECC-Res 2013 v4 software, and prototypes in Table 5 were
simulated in CBECC-Com ?013 v3 software.'- In climate zones where there are no baseline code
requirements, TRC used the T24 default assumptions shown in Table 2 as the baseline roof
construction.

Lo~v-rise residential building prototypes are simulated with steep-slope roofs of both asphalt and file
construction, and energy savings results are averaged for these two construction types. TRC simulated
low-rise multifamily residential building prototypes with steep-slope roofs (both asphalt and tile), and
also with low-slope roofs.

Table 4. Low-Rise Residential Building Prototypes

Building T~-pe One-Story Two-Story ., w-Rise Nlulti~tmily., _

Atea ?,IUU 2,70 6,960

Roof Slope Steep-slope (>2:12)
Steep-slope Low-slope

~~2:12~ < 2:12
Roof Area 2,520 1,740 4,176

# of floors 1 2 2
Window-to-Wall

24% 18.2% 21.0%Rario

Cooling Plant Direct Expansion

Heating Plant Gas Furnace
Distribution

DuctedS stem

Thermal Zones 1 2 8

Default Roof SR = 0.10, TE = 0.75

SR = 0.63, TE=0.75

Prescriptive Roof
SR = 0.20, TE=0.75 in CZs 10-15 in CZs 13, 15

(no requirements elsewhere) (no requirements
elsewhere

Minimum Reach
SR = 0.20, TE=0.75 SR = 0.63, TE=0.75Code

TIER 1
SR = 0.28, TE = 0.85 SR = 0.68, TE=0.85Re uirements

TIER 2
SR = 0.34, TE = 0.85 SR = 0.70, TE=0.85Re uirements

Z more informarion available at htt~://bees.archenergtccom/sofhvare.html and
htt~: / /ww~vbwilcox.com/BEES /BEES.html.
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Nonresidential and high-rise multifamily building prototypes were simulated with lo~v-slope roofs only.

Table 5. Nonresidential and High-Rise Building Prototypes

• ~~~•- Medium Retail High-Rise
,, . ;' : 'n Tv e Office Standalone _ Stri 11~~a11 ~ Multifamily°
Roof Slope Low-slope (< 2:12)

Floor Area 53,600 ?4,695 22,500 84,531
Net Roof Area
(excluding 17,876 24,051 22,324 8,431
s li hts

# of floors 3 1 1 11
Window-to-Wall

33% 7.1% 10.5% 15%Ratio

Cooling Plant Direct Expansion Chiller

Heating Plant Boiler

Distriburion
3 Packaged 1 Packaged 1 Packaged

System
VAVs with Hot VAV with Hot VAV with Hot Four-Pipe Fan Coil
Water Reheat Water Reheat Water Reheat

Area Weighted
Average Lighting

0.75 1.1
,,

1._ 0.5Power Density
/ftz

Area Weighted
Average Plug 1.5 0.9 1 0.~
Loads /ft2

Thermal Zones 18 5 10 8U

Default Roof SR = 0.10, TE = 0.75

SR = 0.55, TE = 0.75

Prescriptive Roof SR = 0.63, TE = 0.75 ~ CZs 9-11, 13-15
(no requirements

elsewhere
Minimum Reach

SR = 0.63, TE = 0.75Code

TIER 1 Reach
SR = 0.68, TE = 0.85Code

TIER 2 Reach
SR = 0.70, TE = 0.85Code

2.3 TIME DEPENDENT VALUATION AND COST EFFECTIVENESS

TRC used the CEC Life Cycle Cost (LCC) Methodology to demonstrate cost effectiveness of the
proposed Reach Code (CEC 2011a). The LCC methodology involves estimating and quantifying the
energy savings associated with measures using a Time Dependent Valuation (TD~ of energy savings
(CEC 2011b). TDV is a normalized format, developed by the CEC, for comparing electricity and natural
gas savings that takes into account the cost of electricity and natural gas consumed during different times
of the day and year. The TDV values are based on long term discounted costs (30 years for all residential
measures and nonresidential envelope measures and 15 years for all other nonresidential measures). The
simulation software outputs are in terms of TDV kBTUs. The present value of the energy cost savings
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in dollars is calculated by multiplying the TDV kBTU savings by an NPV factor, also developed by the
CEC. The NPV factor is 0.173 for residential and 0.154 for nonresidential buildings.

The energy cost savings of the cool roof Reach Code is the difference behveen energy cost of a building
with default or prescriptive cool roof characteristics, and the energy cost of a building with the Reach
Code cool roof characteristics. TRC then compares the TDV energy cost savings to the incremental
costs of the cool roof Reach Code requirement to determine cost effectiveness. Incremental costs
represent the incremental initial construction and maintenance costs of the cool roof Reach Code
requirement relative to the 2013 Tide 24 Standards default or prescriptive requirements. The Benefit to
Cost (B/C) Ratio is the incremental TDV energy costs savings divided by the incremental cost. ~~Uhen
the B/C ratio is greater than 1.0, the added cost of the measure is more than offset by the discounted
energy cost savings and the measure is deemed to be cost effective.

3. Energy Savings
Cool roofs are designed to intentionally reflect a portion of infrared radiation from the sun striking the
surface of the roof, thereby reduce cooling energy consumption. Generally, benefits decrease in
proportion to the amount of roof insulation present, and they produce greater savings for low-sloped
roofs due to more direct angles of incidence during the summer. Since cool roofs also reflect solar
radiation in the winter, they generally do increase the heating energy required for a building, though in
most California Climate Zones this is not as great as the reduction in cooling energy.

TRC simulated each of the seven prototypes in all California Climate Zones, with the results
summarized in Table 6, Table 7, and Table 8 below. Energy impacts are presented in terms of present
value of savings in 2014 dollars (PV$). A positive PV$ value, highlighted in green, indicates that the cool
roof Reach Code results in energy cost savings for a prototype. Negative PV$ values highlighted in red
indicate that a cool roof increased TDV energy usage.

Table 6 shows the following results:

Single family prototypes in CZs 4, 6, 7, 8, 9, and 16 show energy savings from the
minunum cool roof Reach Code requirement. (CZs 10-15 already have a Tide 24, part 6
prescriptive requirement equivalent to the Reach Code).

Low-rise mulrifamily prototypes show energy savings in all Climate Zones when modeled
with steep and low-slope roofs, except CZ 1. (Where there are $0 savings, the CZs already
have prescriptive requirements equivalent to the minunum cool roof Reach Code).
Multifamily prototypes with low-slope roofs show much higher savings than with steep-
sloperoofs, because the change in cool roof from the default (SR = 0.10) to the Reach Code
(SR = 0.63) is much larger than the steep-slope baseline (SR = 0.10) and Reach Code (SR =
0.20).

High-rise mulrifamily prototypes in CZs 2-8, 12, and 14-16 show energy savings from the
ininiinum cool roof Reach Code requirement. Even though Climate Zones 14 and 15 already
have prescriptive cool roof requirements of SR = 0.55 and TE = 0.75, they can benefit from
adopting the minimum Reach Code.

All nonresidenrial prototypes have zero energy benefits, because the prescriptive
requirement area equivalent to the minimum cool roof Reach Code.

'The results in Table 7 and Table 8 can be interpreted in a similar way to Table 6. Prototypes in some
CZs do not show any differences in energy savings when going between the Reach Code tiers. This is
the case when the building simulations show fluctuations in heating and cooling energy, but they have an
offsetting effect in terms of TDV energy usage.
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Table 6. Minimum Reach Cocle Present Value of Energy Savings

Residential
High-Rise and
Nonresidential
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4. Cost Analysis
The ?013 CASE reports (r1EC 2011b, IOU 2011) proved that aged solar reflectances of 0.G7 and 0.24
for low-sloped and steep-sloped roofs, respectively, are cost effective. The stringenry of the
requirements ultimatel~~ adopted were relaxed to account for the limited number of products available to
meet the proposed requirements at the time of the CASE analysis (2011). The following cost analysis
shows that, since that time, the number of products available to meet the 2013 Tide 24 Prescriptive
reflectance requirements has increased, including products that meet the proposed Tier 1 and Tier 2
levels of stringenry.

TRC conducted interviews over six (6) months in 2014 with several roofers and roof supply distributors
throughout California. For the complete set of collected data, please see Appeirdix C.• Complete Cost Dnta
Collected. Multiple roofers made the statement that there is no additional labor to install cool roof
products. Additionally, several distributors reported that the product prices are relatively constant for a
given region (i.e. the Bay area in general will have consistent pricing for a particular product, same for
the Central Coast and Southern California regions). Five regions were identified during cost collection:

• Northern California

• Bay Area

• Central Coast

• Central California

• Southern California

Specific Climate Zone costs were detexinined by combining the data points from these regions, as
shown in Table 9. For a map of California Climate Zones, please see Appendix _A: Map of California
Climate Zones.

Table 9. Regions Used to Determine Climate Zone Specific Costs

ate Zone Re ion

1 Northern California

2 Northern California, Ba Area

3 Ba Area, Central Coast

4 Ba Area, Central Coast, Central California

5 Central Coast

G Southern California

7 Southern California

8 Southern California

9 Southern California

10 Southern California

11 Northern California

12 Ba Area, Central California

13 Central Coast, Central California

14 Southern California

15 Southern California

16 Northern California, Central California, Southern California
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4.1 STEEP-SLOPED ROOFS FOR RESIDENTIAL BUILDINGS

=x.1.1 Cool Roofs Rating Council Data

The Cool Roofs Rating Council's (CRRC) product directory3 contains 143 clay or concrete file products
with an aged solar reflectance exceeding 0.28, and 85 of which meet have an aged solar reflectance of
034 or higher. There are 19 asphalt shingle products found in the CRRC product directory with an aged
solar reflectance greater than 0.28, three (3) of which meet Tier 2 with an initial solar reflectance of 034
or higher (compared to zero at a solar reflectance of 0.30 or higher in 2011).

The list of products available in the CRRC product directory may not be a fully comprehensive
representation of the products available on the market; the directory only represents products that
manufacturers have had tested and labeled. Many of these products may not be currently stocked in
distribution centers, but several distributors have said that these products can be ordered upon request
at no additional cost.

As represented in the stacked chart below in Figure 1, there are multiple shingle and file products
available meeting both Tier 1 and Tier 2 requirements for steep-sloped roofs.

CRRC Rated Steep-Sloped Products

Tier 1 (5R O.Z3 - U.33}

Tier'? (SR ? Q.34)

0 20 =40 GO 80 100

Conciete/Clad Tile and Slates

t~ Asphalt Shingles

■ Polymer/Composite Products

~teral Shakes/Shingles

Figure 1. Steep-sloped Roof Product Availability in CRRC Product Directory as of March 2015

4.1.2 Summary of Interview Findings

Based on interviews with several roofers and roof supply distributors in the Fremont, San Mateo,
Salinas, South San Francisco, Paso Robles, Tahoe, Sacramento, Santa Rosa, Fresno, San Jose, Los
Angeles, and San Diego regions, roofers are able to meet the Tier 1 and Tier 2 requirements at little or
no additional cost when using asphalt shingles or clay tiles, depending on the product selected. Multiple
roofers confirmed that there is no additional labor to install cool roof products.

htt~://coolroofs.org/~roducts/results
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The incremental cost estimates for steep-slope roof products (asphalt shingles and concrete and clay
tiles) are provided below in Table 10, with detailed findings in the following sections. TRC calculated
costs by interviewing roofers and roof supply distributors and searching online retail stores for product
pricing. Note the following from Table 10:

• The incremental costs axe above the base case roo£ When providing base case costs, roofers
and distributors were asked for the price of a basic quality asphalt or file product sold in
their region. Therefore, the base case costs do not incorporate the high costs associated with
higher end non-cool roof products.

• The cost premium for cool roof products meeting the Tier 1 and Tier 2 requirements varies
greatly depending on the product selected. The data collected rarely shows a consistently
higher price correlated with higher solar retlectances.

• Tile products exceeding the Tier 2 requirement can be found at the same cost as a non-cool
roof file product. Several roofing distributors, manufacturers, and roofers stated that a cool
roof designation does not affect the price of the file and most file products meet cool roof
standards. Thus, file roofing products do not show any cost premium for cool roof products.

• According to a California roofer, the breakdown of asphalt shingles and tiles in residential
new construction in California is 70:30. Another roofer specific to the inland Los Angeles
area notes that their company typically installs asphalt shingles on residential new
construction, while file is more common along dze coast. Because TRC could not locate a
data source to verify the roofer assertions, a breakdown of 50:50 between asphalt shingles
and tiles is assumed.

• The incremental costs shown in Table 10 are an average between the incremental cost for
file and asphalt. Essentially, because the incremental cost of file is $0, the total incremental
cost is half of the incremental costs for asphalt shingles.

~ The Minimum Reach Code has $0 incremental cost in CZs 10-15 because it is equivalent to
the prescriptive requirement in these CZs. The Base Case cost in these CZs has been grayed
out, and the Tier 1 and Tier 2 costs are incremental from the Minimum Reach Code.

Table 10. Summary of Steep-Slope Roof Incremental Costs above Base Case ($/ftz)

CZ
# Price
Points

Avg Cost -
Base Case

Avg Cost -
Minimiim
(SR = 0.20,
TE = 0.75

Min
+/-

Avg Cost -
Tier 1
(SR = 0.28,
TE = 0.85

Tier 1
+/-

Avg Cost -
Tier 2
(SR = 0.34,
TE = 0.85

ier
+/-

1 19 $1.13 ~1?5 X0.12 X1.27 $0.15 $1.69 X0.56

2 47 $1.11 $1.31 $0.20 $1.23 $0.12 $1.60 $0.50

3 40 $1.07 $1.42 $0.35 $131 $0.25 $1.54 $0.47

4 48 $1.15 $1.28 $0.13 $122 $0.08 $1.52 $038

5 12 $1A4 $1.46 $0.42 $1.44 $0.40 $1.56 $0.52

6 53 $1.09 $133 $0.25 $1.15 $0.07 $135 $0.26

7 53 $1.09 $133 $0.25 $1.15 $0.07 $1.35 $0.26

8 53 $1.09 $133 $0.25 $1.15 $0.07 $1.35 $0.26

9 53 $1.09 $1.33 $0.25 $1.15 $0.07 $1.35 $0.26

10 53 X1.09 $1.33 $0.00 $1.15 -$0.18 $135 $0.01

11 19 X1.13 $1.25 $0.00 $1.27 $0.03 $1.69 $0.44

12 36 $1.20 $1.19 $0.00 $1.11 -$0.07 $1.51 $032
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13 20 $1.18 $1.23 $0.00 $1.24 $0.01 $1.53 $0.29

14 53 $1.09 $133 $0.00 $1.15 -$0.18 $1.35 $0.01

15 53 $1.09 $1.33 $0.00 $1.15 -$0.18 $1.35 $0.01

16 80 X1.18 $1.19 $0.02 $1.15 -$0.02 $1.51 $0.32

4.1.3 Detailed Findings -Concrete and Clay Tile

Multiple distributors noted that concrete and clay file products typically meet cool roof requirements.
Similar to shingles, a file product can come in several shades, some of ~vhich meet the Tier 1 and Tier 2
requirements and some that do not (see Figure 2). Interviews and online research of retailers revealed
the following:

• Distributor: Prices are the same for a file product in colors that do and do not meet cool
roof requirements.

• Distributor: A cool roof has no effect on the cost.

• Multiple distributors: Prices for file vary by color, whether it is a solid color or a blend. Solid
color is typically cheaper than a blend. (Note drat there are cool roof colors that are solid, i.e.
red).

• Distributor: Concrete file prices do not vary by color, clay file prices will vary by color.

Thus, the price for the product does not vary based on its solar reflectivity properties, rather, file
products vary simply based on the color. rlldiough color also affects the solar reflectivity properties,
there is not a direct correlation between the cool roof colors and the higher costing colors, as in Figure
2. Thus, cool roof products are available in the lower price categories.

a

bC

Figure 2. Conventional and Cool Colored Tiles (EPA 2011)

4.1.4 Detailed Findings -Asphalt Shingles

Based on interviews with several roofers and roof supply distributors throughout California, roofers are
able to meet the Tier 1 and Tier 2 requirements at some additional cost when using asphalt shingles,
depending on the product selected. Multiple roofers made the statement that there is no additional labor
to install cool roof products. The prices per square foot in Table 11 were obtained from roofers, roof
supply distributors and retail stores. As stated in the cost summary, the base case costs do not
incorporate the high costs of higher end non-cool roof products.
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Table 11. Asphalt Shingle Cost Data for California Regions ($/ft2)

Region
,..., -- _ .

Pric~ ~
~

o
Base Case

each Code

IVlinirnum
2

Northern California 19 $1.03 $1?7 $1.32 $2.15

Bay Area ?8 $0.95 $1.51 $1.15 $1.81

Central Coast 12 $0.86 $1.70 $1.66 $1.90

Central California 8 $1.40 $0.78 $0.85 $1.76

Southern California 53 $0.93 $1.42 $1.06 $1.45

The costs in Table 11 generally indicate an incremental cost premium for installing cool roofs, as the
Minimum, Tier 1, and Tier 2 prices are higher than the Base Case costs in most regions. However,
products are available from the same manufacturers which do not meet any of the cool roof
requirements but exceed die cost of the highly reflective products due to other quality and durability
characteristics. As shown in Figure 3, the lowest cost estimates for all three cool roof levels are lower
than the highest estimate for a base case product.

Tier 1 products show a large range of costs due to the number of asphalt products available to meet
these requirements. The lover costing products are typically base case shingles in light or white shades;
the higher costing products are typically designated "cool roof' products that come in various shades
and carry a cost premium. Some Tier 1 products are even more expensive than Tier 2 products due to
other quality performance characteristics.

Residential Asphalt Shingle Cost Ranges, X311 CA 1~egions

Tier 2, SR = 0.34

Tier 1, SR = 0.28

Rtinimum, SR = 0.20

Baseline, SR = 0.10

:~i~.~~~~ X0.50 $1.00 S1.5~ ~,2.Ot~ ~Z.S(~

Cost $/ft2

Figure 3. Asphalt Shingles Cost Ranges at Different SR Levels

This range of costs show that it is possible to install an asphalt shingle cool roof at no additional cost, as
compared to an equivalent quality product that has a lower CRRC cool roof rating. For example, Owens
Corning TruDefinition Duration products in a cool roof shade and anon-cool roof shade cost the same
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according to online comparison at a major retailer. To meet Tier 2, there is the potential for increased
cost compared to a basic asphalt shingle, as these Tier 2 asphalt shingles are generally higher quality
products in addition to having higher reflectances. The available product pool is smaller, but remains
cost competitive with high quality non-cool roof products.

A roofer in the Los r~ngeles area who commonly installs cool roofs noted that although the cool roof
shingles might be more cosd~~ than a base case product, the quality is also better. The price differential
for some of these higher-scale cool roof shingles are based on other factors in addition to cool roof
characteristics. Interviews and researching online retailers revealed the following:

• Multiple distributors: No additional price to special order cool roof products, just requires a
few additional da~~s.

• Multiple roofers: No increase in labor on residential buildings for asphalt cool roofs.

• Roofer: Costs for residential cool roof products will remain competitive, but not as low as
industry normal prices.

• Roofer: Sometimes certain shingles are ininiinum run quantities, meaning you need to buy a
certain amount of product.

• Distributor: Purchasing asphalt shingles in large volumes can result in significant savings
over base case prices.

• Distributor: There are manufacturers drat deliver to the west coast, but do not ship their
cool roof products because there is no demand for them. This distributor believes this
dynamic will change if cool roofs are mandated.

As shown in Table 11, in CZs without a cool roof requirement, the cost premium of a Tier 1 cool roof
can range behveen -$0.60/ft- to $0.80/ft-, compared to a basic asphalt shingle. Tier 1 can be met with
basic asphalt shingles in white shades, which are lower cost than some of the manufacturer-specified
cool roof products.

Table 12 and Table 13 show the differences in costs between white asphalt shingle products and
manufacturer-specified cool roof products throughout California. Table 12 shows that white shades of
basic asphalt shingles can achieve Tier 1 with lower incremental cost (-$0.20/ft-) than base case shingles
(all colors). The availability and popularity of white asphalt shingle products is unknown, but they bring
the overall cost of Tier 1 asphalt shingle products downwards.

a Lowes.com
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Table 12. Cost of White Asphalt Shingle Products

Lo~v Estimate
$/ft~

High Estimate
$/ftz

Average cost
$/ft-

Average Incremental
.cost $/ftz

Base cases $0.60 X1.83 $0.96 -
Mininium $0.67 $0.82 $0.76 -$020
Tier 1 $0.72 $1.31 $0.87 -$0.09
Tier 2 none none none -

Table 13. Cost of Cool Roof Designated Asphalt Shingle Products

La«~ Estimate
$/ft-

High Estimate
$/ft-'

Average cost
$/ftz

Average Inciemefi"ta
cost $/ft-

Base cases $0.60 X1.83 X0.96 -
Minunum $1.34 $2.02 $1.63 $0.67
Tier 1 $1.21 $233 $1.60 $0.63
Tier 2 $1.45 $2.15 $1.80 $0.84

4.2 LOW-SLOPED COOL ROOFS

Interviews found that roofers may be able to meet the Tier 1 and Tier 2 requirements at little or no
additional cost, depending on the product selected. In some instances, there are cost savings associated
with choosing slow-slope cool roof meeting the Prescriptive or Tier 1 levels of reflectance.

The 2013 Title 24 update increased the statewide prescriptively required reflectance for nonresidential
low-sloped roofs to 0.G3. In this report, this reflectance serves as the base case solar reflectance of low-
sloped roofs on all nonresidential buildings. The proposed Reach Code requirements make the
prescriptive value the minimum required, and increase the required reflectance to 0.G8 and 0.70 for Tier
1 and Tier 2, respectively.

High-rise residential low-slope buildings in CZs 9-11 and 13-15 have prescriptive requirements for a
solar reflectance of 0.55. No other CZs have lo~v-slope requirements for high-rise residential buildings.
There are prescriptive requirements for nonresidential and high-rise residential steep-slope roofs that
have not been analyzed in this report because they are considered to be constructed very rarely, and the
results of this analysis would not app13~ to a large number of buildings.

According to industry interviews, there is no additional labor for installing a cool roof product, as it
requires the same techniques and types of products as installing a base case roof. In fact, the cost of cool
roof products meeting the 2013 Tide 24 requirements or even the Reach Code, can be cheaper than
their darker, non-cool roof counterparts, as evidenced by data collection below, and supported by the
?013 Case Report for Nonresidential Cool Roofs:

Looking first to the gare,rtion of product availability, the research ,rhoived that there
area .rz~cient narm6er of products on the market at or near the R,,,~~,~ = 0.67 level
to .rarpport the adoption of that standard for enforcement starting in 2074. There
are over 200 products listed on the CRKC datal~a.re that meet the proposed R„~~~
= 0.67 .rtatrdard. More products are likely coming on the market ~ fore the
proposed standard zvoarld take ~ect in 2074.

5 Roofers and distributors were asked to provide the cost of a basic quality pzoduct, regardless of the color. Therefore, these
price points do not reflect higher quality products generall}' associated with higher costs.
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I-Y>itbitr the cool roof market, marry of the products with l~y~a valuer close to 0.55
are actually tinted versions of the more con~~entional white 7~errion.r of the same
product. The products avith the darer reflectance can, therefore, actually have a
higher initial cost while also driving higher energy costs

The prediction of more products becoming available made by the CASE author is supported by recent
data collection. As of December 2014, the CRRC products directory contains 258 field applied coatings,
7 built-up and modiFed bitumen sheet roofing, and 24 single ply thermoplastic roofing options that
meet the Tier 1 requirements (SR = 0.68, TE = 0.85).

Based on interviews with several roofers and roof supply distributors contacted in March through
December of 2014 in the Petaluma, Daly City, Fremont, Sacramento, Lake Tahoe, Fresno, San Jose, Los
Angeles, and San Diego areas, roofers are able to meet the Tier 1 and Tier 2 requirements at little or no
additional cost, depending on the product selected. This finding is consistent with the findings from the
2013 Nonresidential Cool Roofs Cr1SE Report (IOU 2011). A few roofers noted that there are certain
product categories that would add about 10-15%more to the material cost to meet cool roof
requirements, but that there are alternative methods that have no additional cost. Multiple roofers made
the statement that there is no additional labor to install cool roof products. Two roofers in the Bay Area
noted that their base case commercial low-sloped roofing application is cool roof; one of wluch noted
that their base case is white reflective roofing at a solar reflectance of 0.70. This second roofer also
mentioned that this is base case practice for commercial roofers in the area.

Table 14 below displays the low, high, and average costs for products to meet the cool roof
requirements. Roofers and distributors were asked to provide the cost for a base case product for the
various applications, such as a standard field applied coating or cap sheet. The following table includes
cost estimates for field applied coatings, single-ply TPO/PVC, and cap sheets.

Table 14. Low-Sloped Products Cost Data ($/ft2) Collected March —December 2014

# of cost
data oints

Lo«~
Estimate

,.,_

High
Estimate

Average
cost

Average
Incremental

cost for
NonR

Avera
Incremental
cost for High-

Rise Res
Base Case~~ 8 X021 X1.37 $0.7~ — —
Muiunuin 25 $028 $1.43 $0.69 — -$0.05
Tier 1 9 $0.39 $1.05 $0.57 -$0.12 -$0.17
Tier 2 20 $033 $126 $0.G1 -$0.08 -$0.13

Cost figures for all Climate Zones, shown in Table 16 and Table 16, are the prices used in the cost
effectiveness analysis. Base case costs are only relevant to the low-rise and high-rise multifamily models
because the Tide 24 default or prescriptive requirement is lower than the minunum Reach Code
requirement for these building types. Thus, the Reach Code incremental cost is compared to the base
case cost in Table 15. As described earlier, Tide 24 Part 6 prescriptive requirements for nonresidential
buildings serve as the ̀ base case' for cost effectiveness, and these are the same as the minimum Reach
Code requirements. Thus, in Table 16 the Reach Code costs are compared to the Minimum Reach Code.

~ Roofers and distributors were asked to provide the cost of a basic qualit}~ product, regardless of the color. Therefore, these
price points do not reflect higher quality products generall}' associated with higher costs.
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These prices represent a limited sample, and a small difference in cost (e.g., $0.03 difference for a Tier 2
product in CZ 3) in cost may be considered within a margin of error.

Table 15. Low-sloped Multifamily Residential Roof Avetage and Incremental Costs

CZ
#
Points

Avg Cost
-Base
Case

Avg Cost -
Minimum
(SR = 0.63,
TE = 0.75)

Min
+/-

Avg Cost -
Tier 1

(SR = 0.G8,
TE = 0.85

~
Tier 1
+.

A~-~ Cost -
Tier 2

(SR = 0.70,
TE = 0.85)

Tier 2
+/-

1 7 X0.66 X0.76 X0.10 X0.46 -$0.20 X0.40 -$0?6

2 23 $0.66 $0.76 $0.10 $0.46 -$0.20 $0.40 -$0.26

3 ZS $0.67 $039 -$0.28 $0.46 -$0.22 $0.42 -$0.25

4 25 $0.67 $0.39 -$0.28 $0.46 -$0.22 $0.42 -$025

5 9 $0.67 $0.43 -$0.24 $0.46 -$0.22 $0.42 -$0.2G

6 21 $0.81 $0.97 $0.17 $0.56 -$0.25 $0.97 $0.17

7 21 $0.81 $0.97 $0.17 $0.56 -$0.25 $0.97 $0.17

8 21 $0.81 $0.97 $0.17 $0.56 -$0.25 $0.97 $0.17

9 21 $0.81 $0.97 $0.17 $0.56 -$0.25 $0.97 $0.17

10 21 $0.81 $0.97 $0.17 $0.5G -$0.25 $0.97 $0.17

11 7 $0.67 $0.56 -$0.11 $0.46 -$0.21 $0.41 -$0.25

12 1G $0.G7 $0.3G -$0.32 $0.46 -$0.22 $0.43 -$0.25

13 9 $0.67 $0.39 -$0.28 $0.4G -$0.22 $0.42 -$0.25

14 21 $0.81 $0.97 $0.17 $0.56 -$0.25 $0.97 $0.17

15 21 $0.81 $0.97 $0.17 $0.56 -$0.25 $0.97 $0.17

16 28 $0.71 $0.70 -$0.02 $0.49 -$0.22 $0.60 -$0.11

Table 16. Lo~v-sloped Nonresidential Roof Average and Incremental Costs

CZ
# Price
Points

Avp,~ Cost -
Minimum
(SR = 0.G3,
TE = 0.75

Min
+/-

Avg Cost -
Tier 1

(SR = 0.68,
TE = 0.85

Tier 1
+/-

A~-g Cost -
Tier 2

(SR = 0.70,
TE = 0.85

Tier 2
+/-

1 7 $0.76 $0.00 $0.46 -$0.30 $0.40 -$0.36

2 23 $0.76 $0.00 $0.46 -$0.30 $0.40 -$0.36

3 25 $0.39 $0.00 $0.46 $0.06 $0.42 $0.03

4 25 $0.39 $0.00 $0.46 $0.06 $0.42 $0.03

5 9 $0.43 $0.00 $0.46 $0.03 $0.42 -$0.01

6 21 $0.97 $0.00 $0.56 -$0.41 $0.97 $0.00

7 21 $0.97 $0.00 $0.56 -$0.41 $0.97 $0.00

8 21 $0.97 $0.00 $0.56 -$0.41 $0.97 $0.00

9 21 $0.97 $0.00 $0.56 -$0.41 $0.97 $0.00

10 21 $0.97 $0.00 $0.56 -$0.41 $0.97 $0.00

11 7 $0.56 $0.00 $0.46 -$0.10 $0.41 -$0.14

12 16 $0.36 $0.00 $0.46 $0.10 $0.43 $0.07

13 9 $0.39 $0.00 $0.46 $0.06 $0.42 $0.03
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Avg Cost — Avg Cost — Avg Cost —
Miniinuin Tier 1 Tier 2

# Price (SR = 0.63, Min (SR = 0.68, Tier 1 (SR = 0.70, Tier 2
CZ Points TE = 0.75 +/- TE = 0.85 + ,-.-..TE = 0.85)

14 21 X0.97 $0.00 $0.5G - 0.41 X0.97 $0.00

15 21 $0.97 $0.00 $0.5G -$0.41 $0.97 $0.00

16 28 $0.70 $0.00 $0.49 -$0.20 $0.60 -$0.10

5. Cost-Effectiveness Analysis
The cost-effectiveness results using the energy savings and the Reach Code costs described in the
preceding sections are provided below. A positive PV$ indicates that there are energy savings associated
with the cool roof. The PV$ is divided by the incremental price of the cool roof to determine the
Benefit-to-Cost (B/C) ratio of the cool roof. Thus, a B/C ratio over 1 indicates the cool roof is cost
effective over its lifetime.

Because of the extensive data collected, only stumnary findings are provided in this section. Detailed
cost effectiveness results and recommendations for each Climate Zone are located in A~ipendix C.•
Complete Co.rt Data Collected, and a summary of the cost effectiveness for all prototypes and climate zones
is provided below in Table 17, Table 18, and Table 19. Cells highlighted in green indicate that the
proposed cool roof reach code is cost effective in those Climate Zones. Dashed lines in Table 17
indicate that the Title 24 Prescriptive requirement is the same as the Minimum Reach Code requirement.

When viewing the cost effectiveness results, note the following:

Single Family Residential

• Prototypes in Climate Zones 1-7 have relatively low or negative energy savings associated
with the cool roofs Reach Code. This results in mostly cost ineffective Reach Code.

• Prototy-pes in Climate Zones 8 and 9 show that adopting the Minunum Reach Code is
moderately cost effective, but adopting Tier 1 and Tier 2 Reach Codes is significantly cost
effective.

• Prototypes in Climate Zones 10-15 generally show that adopting Tier 1 and Tier 2 Reach
Codes cost effective, despite already having prescriptive requirements equivalent to the
Minimum Reach Code.

Low-Rise Multifamily

• Prototypes show energy savings for both low-slope and steep-slope cool roof Reach Codes
in Climate Zones 2-16. Low-slope roof types provide much higher energy savings because
there is a larger difference between the Minimum Reach Code of SR = 0.63 from the default
value of SR = 0.10. (The minimum steep-slope Reach Code is SR = 0.28).

• Prototypes in Climate Zones 2, 4, and 6-16 show that adopting the steep-slope Reach Code
Tiers 1 and 2 is cost effective.

• Prototypes in Climate Zones 2-16 show that adopting the low-slope cool roof Reach Code is
cost effective.

High-Rise Multifamily

• Prototypes in Climate Zones 9-11, 13, and 15 do not show energy savings at various Reach
Code levels. These are Climate Zones with prescriptive cool roof requirements.
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• Climate Zone 14 also has prescriptive cool roof requirements, but shows that adopting cool
roofs leads to energy savings cost effectively.

• Climate Zones 2-8, 12, and 16 would see energy reductions from high-rise multifamily cool
roofs.

Nonresidential

• Nonresidential low-slope roofs are prescriptively required b}' the 2013 Standards to have a
cool roof (SR = 0.63). Thus the minimum reach code proposal does not result in an
incremental cost in any of the Climate Zones for these prototypes.

• Standalone Retail new construction prototypes in Climate Zones 1-5 show lo~v or negative
energy savings as a result of the Reach Code.

• Although simulations show low or negative energy savings for ne~v construction, the
Standalone Retail prototype shows energy savings in Climate Zone 3 and 4 when considering
a retrofit situation with lugher internal lighting loads.

• Medium Office and Strip Mall prototypes in Climate Zones 2-5 show drat adopting die cool
roof Reach Code is cost effective.

~ All nonresidential prototypes in Climate Zones 6-16 demonstrate that die cool roofs Reach
Code is cost effective.

To help policymakers in each Climate Zone make decisions for their jurisdiction, Climate-Zone-specific
result summaries are provided in rlppeadix D: Full Cost E~activenerr Retultr.
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6. Urban Heat Island Mitigation
A great deal of research has been done to identify and quantify the energy savings and GHG reduction
potential of cool roofs. Below are citations from studies that summarize the benefits. Additional detailed
information to support the initiative is available in the references contained in these studies.

6.1 GLOBAL COOLING: INCREASING WORLD-WIDE URBAN ALBEDOS TO OFFSET
CO2

According to the study Global Cooling.• Increasing Worlcl-wide Urban Albedo.r to Offset COz (~kbari 2008),
improving the solar reflectance of roofing materials provides two significant benefits:

More reflective roof material allows less solar radiation through the building envelope into the

conditioned space, reducing the HVr~C equipment load and thereby reducing GHG emissions

associated with energy generarion.

The solar reflective roof helps reject solar radiation out of the atrnosphere and creates a "global"

cooling effect on its urban surroundings. This indirectly reduces the HVAC load again by

minimizing the temperature difference between the surrounding ambient and the conditioned

space. This reduction in "global" temperature (or the reversal of the urban heat island effect) also

creates a negative impact (in radiative forcin~ on GHG concentration in the atmosphere.

Cool roofs, cool pa~Tements, and shade trees, save energy and improve air quality. Bode the direct and
indirect mechanisms for cool roof impact on GHG are depicted below in Figure 4.
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e

~ ~
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Emr1 tress

~ ~.ower COQ.
Na,. arrd

vt~ Lcvolss

B
'Sows

Rr~~tt~on
Aatos

tov+rer
Axone
levels+

FJI 5fagetabai ~ .

Figure 4. Mechanism: "Cool Roofs, Cool Pavements and Shade Trees Save Energy and Improve
Air Quality". ~

The cool roof's indirect effect of radiative forcing on atmospheric COZ concentration is in addition to
the avoided COz emission associated with lower HVAC loads. Based on an IPCC estimate, a 0.01
increase in reflectance of an urban surface results in decreasing emitted COz equivalent by -2.5 kg COz
per m2 (or -0.23 kg COz per square foot).

~ Citation for image: Global Cooling: Increasing Woxld-wide Urban rllbedos to Offset CO2, Hashem ~kbari, Heat
Island Group, Ernest Orlando Lawrence Berkeley National Laboratory Fifth annual California Climate Change
Conference, Sacramento, Cr1, September 9, 2008



6.2 MID-CENTURY WARMING IN THE LOS ANGELES REGION

According to the climate change advocacy group C-Change LAB, UCLA research suggests that by
midcentury local temperatures will increase between 3.7°F and 5.4°F. Rising temperatures will be most
notable during the summer and fall, with the number of "extreme heat" days above 95°F tripling in
downtown Los Angeles and nearly quadrupling in the San Fernando and San Gabriel valleys. "The
changes our region will face are significant, and we will have to adapt," said UCLA Professor Alex Hall,
lead author ofMid-Century Warming in the Lo.r Angeles Region (Hall, 2012). Cool roofs were recommended
as an effective measure to mitigate the projected temperature increases and provide the following
benefits to the greater Los Angeles region:

1. Become more resilient and healthier on hot days
2. Reduce heat related hospitalizations
3. Improve air quality by reducing the formation of ozone
4. Inoculate against power outages
5. Reduce homeowners electricity bills
6. Reduce greenhouse gas emissions
7. Provide a more pleasant home environment

6.3 REDUCING URBAN HEAT ISLANDS: COMPENDIUM OF STRATEGIES

According to the findings contained in the study Reduazng Urban Heat Lrlandr. Compendium of Strategies
(EPA 2011), cool roofing can help address die problem of heat islands, which results in part from the
combined heat of numerous individual hot roofs in a city or suburb. The use of cool roofs as a
mitigation strategy brings many benefits, including reduced energy use, reduced air pollution and
greenhouse gas emissions, and improved human health and comfort.

Reduced Energy Use. A cool roof transfers less heat to the building below, so the building
stays cooler and more comfortable and uses less energy for cooling. Cool roofing saves energy
when most needed—during peak electrical demand periods that generally occur on hot, summer
weekday afternoons, when offices and homes are running cooling systems, lights, and
appliances. By reducing cooling system needs, a cool roof can help building owners reduce peak
electricity demand.

Reduced Air Pollution and Greenhouse Gas Emissions. The widespread adoption of heat
island mitigation efforts such as cool roofs can reduce energy use during the summer months.
To the extent that reduced energy demand leads to reduced burning of fossil fuels, cool roofs
contribute to fewer emissions of air pollutants, such as nitrogen oxides (NOx), as well as
greenhouse gases, primarily carbon dioxide (COz). The relationships between pollutant
reductions and improved air quality are complex, however, and require air quality modeling to
demonstrate the benefits in specific urban areas. Reductions in air pollutant emissions such as
NOx generally provide benefits in terms of improved air quality, particularly ground-level
ozone. The COzreductions can be substantial. For example, one study estimated potential COQ
reductions of 6 to 7 percent in Baton Rouge and Houston from reduced building energy use
(Konopacki et. A12002).

Improved Human Health and Comfort. Ceilings directly under hot roofs can be very warm.
A cool roof can reduce air temperatures inside buildings with and without air conditioning.

$ http•//climateresolve org/la-becomes-first-major-ci ~-to-mandate-cool-roofs-on-all-new-residences/
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8. Appendices
8.1 APPENDIX A: MAP OF CALIFORNIA CLIMATE ZONES

Building Climate Zones

For a list of jurisdictions and zip codes in each climate zone, please reference the Title 24 Standards
Joint ~~ppendices Jr12.

8.2 APPENDIX B: COOL ROOF REQUIREMENTS IN TITLE 24 PART 6 AND PART 11
(CALGREEN)

The Building Energy Efficiency Standards (Title 2=~, Part G of the California Code of Regulations)
establish a ininitnum level of building energy efficiency. The California Energy Commission has adopted
and periodically updates the Standards to ensure that building construction, system design and
installation achie~-e energy efficiency and preserve outdoor and indoor en~riromnental quality. r1 building
can be designed to a higher efficiency level, resulting in additional energy savings. The Standard updates
must be cost effective based on the life cycle of the building, must include perforrnance and prescriptive
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Figure 5. California Climate Zones Map (courtesy of CEC)



compliance approaches, and must be periodically updated to account for technological improvements in
efficiency technology.

Local governmental agencies ma}' adopt and enforce other energy standards, such as Reach Codes, for
newly constructed buildings, additions, alterations, and repairs to existing buildings provided the Energy
Commission finds that the standards will require buildings to be designed to consume no more energy
than permitted by Tide 24, Part 6. The provisions of Part 6 apply to the building envelope, space-
conditioning systems, water-heating systems, pool and spas, solar ready buildings, indoor lighting
systems of buildings, outdoor lighting systems, and signs located either indoors or outdoors, in buildings
that are of Occupancy Group A, B, E, F, H, M, R, S, or U.

The California Green Building Standards Code (aka "CALGreen", codified in Tide 24, Part 11 of the
California Code of Regulations) is intended to improve public health, safety and general welfare by
enhancing the design and construction of buildings through the use of building concepts having a
reduced negative impact or positive environmental impact and encouraging sustainable construction
practices in the following categories:

• Planning and design.

~ Energy efficiency.

• Water efficiency and conservation.

• Material conservations and resource efficiency.

• Environmental quality.

CalGreen has both mandatory and voluntary (CALGreen Tier 1 and Tier 2) measures. r1s shown below
in Table 20, the most recently adopted versions (2013) of Title 24 Parts 6 and 11 have different
requirements. CAI.Green set Tier 1 levels for low-sloped cool roofs below the prescriptive requirements
contained in Tide 24 Part 6. (The CALGreen Tier 1 steep-slope roofs requirements are equivalent to
Title 24 Part 6).

According to Chapter 1, Section 101.6.3 of Tide 24 Part 11`x: "When the requirements of Cr1LGreen
conflict with the requirements of any other part of the California Building Standards Cade, Tide 24, the
most restrictive requirement shall prevail." Therefore the prescriptive requirements from the 2013
version Title 24 Part 6 are the minimum requirements, and the justification of energy savings and costs
are compared to these requirements.

htt~://wwwecodes.biz/ecodes sug~oxt/free resources/2013California/13Green/PDFs/Chapter°%201°'020-
°/a20r1dministration.~df
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Table 20. Cool Roof Requirements in Title 24 Part 6 and Part 11

Climate
Zone Code

Requirement
T~• e Slo e

Minimum
3-y r Aged

Solar
Reflectance

Thermal
Emittan

Minimum
RI

Nonresidential o
ALL 2013 T24 Part 6 Prescri five Lo~v <3:12 0.G3 0.7~ 75
AT,T, 2013 T24 Part 6 Prescri five Stee >2:12 0.20 0.75 16
AT,T" ?013 T24 Part 11 Volunta TIER 1 Low <2:12 0.55 0.75 64
AT,T, ?013 T24 Part 11 Volunta TIER 1 Stee >2:12 0.20 0.75 16
AT"T, ?013 T24 Part 11 Volunta TIER 2 Low <2:12 0.65 0.85 78
ALL ?013 T24 Pnrt 11 Voluntary TIER 2 Stee >2:12 0.30 0.85 30

i Residential
9-11, 13-

15 2013 T24 Part 6 Prescri five Low <2:12 0.55 0.75 64
2-15 2013 T24 Part 6 Prescri five Stee >2:12 0.2 0.75 16

10, 11, 13-
15 2013 T24 Part 11 Volunta TIER 1 Low <2:12 0.55 0.75 64

10-15 2013 T24 Part 11 Volunta TIER 1 Stee >2:12 020 0.75 16
2-15 2013 T24 Part 11 Volunta TIER 2 Low <2:12 0.65 0.75 78
2-15

13,15

2013 T24 Part 11

2013 T24 Part 6

Volunta TIER 2 Stee >2:12... ._
Low--Rise Res ential

Prescri five Low <2:12

023

0.63

0.75

0.75

20

75
10-15 2013 T24 Part 6 Prescri five Stee >2:12 0.20 0.75 16
13,15 2013 T24 Part 11 Volunta TIER 1 Low <2:12 0.55 0.75 G4
10-15 ?013 T24 Part 11 Volunta TIER 1 Stee >2:12 0.20 0.75 16

2,4,6-15 ?013 T24 Part 11 Volunta TIER 2 Low <2:12 0.65 0.85 78
2,4,6-15 ?013 T24 Part 11 Volunta TIER 2 Stee >2:12 0.23 0.85 20
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8.4 APPENDIX D: FULL COST EFFECTIVENESS RESULTS

This section provides detailed results for each Climate Zone. Charts show the Present Value (PV$) of
energy savings, benefit to cost ratio, and Life Cycle Costs (LCC) for each prototype and cool roof Reach
Code level. LCC is another representation of cost effectiveness, based on the CEC's Life Cycle Cost
Methodology. In this report, life cycle costs (a negative number) indicate that the cool roof reach code is
not cost effective. Life cycle cost savings (a positive number) indicate that the cool roof reach code is
cost effecrive.

A sample calculation is provided below for how the findings for each result were calculated. Please note
that figures may be slightly different due to the number significant figures used in the spreadsheet
analysis:

Low-rise Multifamily, Tier 2, SteerSloe. in Climate Zone 8

• Base Case Price: 4,176 ftz roof area (Table 4) X $1.09/ftz (Table 10) _ $4,542
• Reach Code Price: 4,176 ft- roof area x $0.26/ft' (Table 10) _ $5,627
• Incremental Price: $5,627 - $4,542 = $1,085

• PV$ Energy Savings: $3,636 (Table 8)

• B/C Ratio: $3,636 = $1,085 = 3.4

• LCC Savings: $3,636 - $1,085 = $2,551

Recommendations are provided for jurisdictions in each Climate Zone regarding what Reach Code level
to pursue, summarized in Table 21. Jurisdictions should consider the following when reviewing
recommendations:

• Sensitivity of results —For prototypes that show no costs or B/C ratios that are close to 1.0,
jurisdictions should consider the impact of a fluctuation of cool roof incremental prices and
future climatic shifts.

• Other building types —Jurisdictions will need to consider applying the Reach Code to other
building types than the prototypes simulated, particularly those with low internal cooling loads
such as warehouses. When buildings have especially low occupancy or low lighting levels, the
internal cooling loads can be low and a cool roof may not have a significant energy impact.

• Other construction scenarios —The majority of the sunulations were conducted under new
construction scenarios with the 2013 Title 24 as the baseline. Jurisidictions will need to consider
ho~v to apply results to alterations and additions.

o The prescriptive baseline for nonresidential additions and residential additions larger
than 700 ft' is the prescriptive T24 Standards. Thus the new construction findings are
Yelevant to these additions, and Reach Code can be applied where cost effective for new
construction.

o Where cool roofs are shown to be cost effective, the benefits will likely be even greater
in alterations scenarios where buildings have lower performance envelopes and higher
lighting power density than the 2013 T24 prescriptive building. Thus, the cool roofs
Reach Code should be applied to re-roofing alterations where results show cost
effectiveness.
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Table 21. Summary of Reach Code Recommendations

Should Pursue the Reach Code?
Jurisdictions
in CZ Steep-Slope Tier?

Building Low-
Tier? Building T}~pes?

T es. Slo e

1 No - - No -

Lo~v-Rise
2 Yes Tier 2 yes Tier 2

Multifamil
_111

Yes, if costs Low-Rise3
Tier 2 yes Tier 2

decrease Multifamil
_111

Low-Rise
4 Yes Tier 2

Multifamil
yes Tier 2 x111

Yes, if costs Low-R.ise5
Tier 2 yes Minimum X111

decrease 1~Iultifamil

Low-R.ise
6 Yes Tier 2 yes Tier 2 r1ll

Multifamil

Low-Rise
7 Yes Tier 2 yes Tier 2 x111

Multifamil

8 Yes Tier 2 All Yes Tier 2 r1ll

9 Yes Tier 2 All Yes Tier 2 t1ll

~ll except High-Rise10 Yes Tier 2 All Yes Tier 2
Multifamil

11 Yes Tier 2 All Yes Tier 2 t1ll

12 Yes Tier 2 All Yes Tier 2 r1ll

~ll except High-Rise13 Yes Tier 2 All Yes Tier 2
Multifamil

1=~ Yes Tier 2 All Yes Tier 2 rill

Tier 2 for Low-Rise
Multifamily and Nonresidential

15 Yes Tier 2 All Yes Varies

Tier 1 for High-Rise
Multifamil

Low-Rise
16 Yes Tier 2 yes Tier 2 r1ll

Multifamil
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 1 Results

Prepared for PaciCc Gas &Electric Company by TRC Solutions

8.4.1

s

$«,moo,
slz,000}

$~3,~)

s(a,wot

Sf5,ao0)

5I5,IX)0)

sn,~i
5(s,ax~l

5(9,aou~

Climate Zone 1

PV of Energy Savings

■~' '~1 '~~ 11

Recommendations

Steep-Slope Reach Code: NO

Because of the relatively mild climate in
Climate Zone 1, the simulations show no
energy savings and no life rycle cost
savings. Therefore, the steep-slope
Reach Code should not be pursued by
jurisdictions in Climate Zone 1.

Low-Slope Reach Code: NO

The simulations show no energy savings.
Yet there are life cycle cost savings for
some prototypes because low-slope cool
roofs are less expensive than non-cool
roofs. Low-slope cool roofs should not
be pursued by jurisdictions in Climate
Zone 1 because they do not produce
energy savings.

1-s[ory 2-story Lo~,vrise Lo~v-rise Hightise Medium fletai~ Strip Mall
Single Single Multifamily Muhifamily Multifamily Office Standalone
Family family (steep (loer sloped

~a~~
■ Minimum Reach Cade ■ TILR 1 ■TIER 2

Life Cycle Cost Savings

(> 0 =Cost Effective)

se,000

S~.cno

54,IXN)

52,000

' '$2,000 I

<4,000

<6,0p0

1-story 2-story Loeriise Love rise Hiyh~iise Medium Retail Suip Mall
Single Single Multifamily Multifamily Multihmily Office Standalone
family Family (steep (tutu slope

slope)

■Minimum ftearh(ode ■TIEftl ■TIER2

Life Cycle Cost Savings Averaged Across Prototytpes

(> 0 =Cost Effective)

s~,00n

si,soo

5i,000

SSoo

5

SISoo)

Sli,~)

511,x)

S(1,oa0)

5(z,sool

513,000)

Minimum Tier i Tier 1

■ Steep slope ■Low Slope

Y7
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Cost-Effectiveness Study for Cool Roofs -Climate Zone 1 Results

Prepared for PaciFic Gas &Electric Company b}~ TRC Solutions

Proroh•pe
(:limate l~uie 1

csulr::JBld *

Minimum Rzach f;<~de 'I'll?R l "1'Il?R 2

< ~~ ~ > 2: ~ < ~ , ~ r ~ ~ ~ ~

Banc Case Pricc 52,836 S2,83G S2,83G

Reach Code Price S3,137 S3,203 S-~,2~3

1-stor}~ Single incremental Price S301 S3GG S1,~lG
I~ainily PVS I~,ncrg}~ Savings {S~9j (~1,917j (S1,393}

B/C Ratiu No Savings ~o Saein~s Nn tracings

I.CC Savings (S75p) 151,484] (52,8tOj

Base Case Price S1,958 S1,958 S1,958

12each Code Price 52,1 G6 S2,211 S2,93G

2-story Single Incremental Price S208 S253 S978
gamily P~'$ I?ncr~~ Savings !$255] f$G2G} (5773

B/(: 12atio ~u Say°in~;s ~o Savings Nu Savings

LCC Savings (S4G3j lS879j ($1,151)

Banc Case Price S2,75G 54,700 52,756 S-3,700 52,756 S-x,700

Reach Code Price $3,170 S5,199 S1,90G 55,307 S1,G72 S7,0-F7

Low-rise incremental Price 5413 S499 (S850) SG07 (S1,084) S2,3-~7
l~fulufamil~~ PV$ Encrg}'tiavings 153,-180; {$3-131 (~3,119`~ (5975} iS3,2:i1; ($1,240]

B/(: Ratio \c~ Sa~•in~~ ~~~ tia~•in~;s ~o Savings ~c~ Savin};~ '`c~ tiavici~; '~,~, tiavings

LCC Savings ~52,894~ (S84_i} (~2?68' ($1,583] {$2,167 iS3,i8~}

Base Case Price S5,5G-4 S5,5G4 S5,5G-~

Reach Codc Price SG,399 53,848 S3,375

Ilikh-rise Incremental Price 5835 (S 1,717) (52,189)
Multifamily PVS Encrg}' tiavings 153,905} {~3,905j {55,200

B/C Ratio ~~~ ti:n~in};s ~o ~aving~ Na tiavin~s

LCC tiavi~gs ~S4,740; {3,1$9) (~a3,018)

Rase (:asc Price S13,5G8 S13,5G8 S13,5G8

R~acli (:ode Price S13,568 S8,158 S7,157

Alcdium Incremental Pcicc SO (S5,410) (S6,-112)
C)fficc PVS l:ncrg~~ Savings ($326} (S$2.6)

R/C: Ratio ~o tiavings No Sa~~uigs

],(;C Snvin};s SO S4,584 ~5,58G

Rasp Case Price S18,255 S18,255 518,255

Ruch Code Price S18,255 S]0,976 S9,629

K~t;~~ Incremental Price SO (S7,279) (S8,636)
Standalone PVS ~sncrg~~ tiavings ($G,6U7} (58,259

R/C Ratio ~o tia~~ing~ ':~u tiawings

LCC Savings SO SG'2 5368

Base Case Price S 1G,9~44 S16,9~44 S1G,9-~d

Reach Code Price S1G,94~4 S10,188 S8,937

Incremental Price SO (56,756) (S8,007)
Strip i~fall

PVS I~ncrg}• Savin};s (~t,'33j
~

(S_,Q79)

B/C Ratio ~o Savings Nu Baring.

LCC Savings SO 55,02~~ ~ai,9~8
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 2 Results

Prepared for PaciFic Gas &Electric Company by TRC Solutions

8.4.2 Climate Zone 2

PV of Energy Savings Recommendations

sb-~ Steep-Slope Reach Code: YES, FOR
LOW-RISE MULTIFAMILYss,~o
BUILDINGS

S4,W0

The simulations show posirive energy
ss,aoo savings for the 2-story and Low-R.ise

Multifamily Only the Low-RiseSz o0o prototypes.
Multifamily prototype shows life rycle cost

$'~0°° ' savings. Therefore, the steep-slope Reach
s _,, __~ Code should be pursued for low-rise

multifamily buildings by jurisdictions in
su,~i

Climate Zone 2.1 story 2~story lmv rise Low rise liigh ri.e Meditan Retail SVip Mall
Single Single Multifamily Multifamily Multifamily Otfice Standalone
Family Family (steep uo,~ ~oae~ For Low-R.ise Multifamily buildings, ~lE

slope)

Tier 1 Reach Code is the most cost
■ Minimum Reach Code ■TIER 1 ■TIER 2

effective, on average, while Tier 2 yields
the most energy savings. Tier 2 is

rife cycle cost savings recommended to maximize energy savings.
(> 0 =Cost Effective)

s~a,c~ou Low-Slope Reach Code: YES
s~z,000

The simulations show energy savings and
s~o,000

life rycle costs savings for all prototypes
5~~""" except Retail Standalone, which does not
5~~0°° show an energy penalty. Low-slope cool
5"~0°° roofs should be pursued by jurisdictions in

'Sz'°°° ' Climate Zone 2.. _— _,

~~ ~ The Tier 2 Reach Code is the most cost52~o0
effective, on average, and yields the most$4~

~ Story ~ 5~ory ~o~Y ~ ~ ~o,•: ~~ Frgn ~+se Medium Retail S~riP ~.,au energy savings. Tier 2 is recommended to
Single Single Multifamily Mul6tamily Muhifamily Office Standalone
family Family (steep (bvrslnpe) maximize energy savings.

slopz)

■Minimum ftrach Code ■TIER1 ■TIER2

Life Cycle Cost Savings Averaged Across Prototytpes
(> 0 =Cost Effective)

sio,oao

SA,000

$6,O1]U

Sn:aoo

Sa,000

5. _~ - ~
5~z,ux~,

Minimum Tier J i i~ r 1

■ Sceep slope ■Low Slope

=~9
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Cost-Effecti~reness Study for Cool Roofs -Climate Zone 2 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

Iatt its ~h-(~c
(;limarc Gime 2
(ItesultslHid~;.)

~finimuin Reseh (:odc ~ ~ '1'II;R I `I'iI~:R 2
< ~ 1~ > ?;la <- ~_~~ ~ 2:12 ` '-12 ,''-(2

Base Cass Price S2,788 S2,788 S2,788

Reach Code Price 53,294 X53,095 $4,038

1-story- Single
Family

Incrctnental Price S507 S308 S1,251

PVC ~ncr~~ Savings 1573) S3`~ i fS~32)

B/C Ratio '`~~ timings \~, tia~ ~n~; ~;~~ timings

LCC Savings iS7~~> ti~U?: SI,~~'~

Base Case Price S1,925 S1,925 51,925

Reach Code Price $2,275 S2>137 S2,788

2-story Single Incremental Price 5350 S213 ~8G4
i'amily PV$ Encrg}~ Savings Sl0' ti 1 1'! $1-~0

B/C Ratio 0.3 ~~.6 0.2

I.CC Savings (5242} S'~ 3 i S~23j

Base Case Price $2,756 S4,G20 52,756 S-3,620 $?,756 S-~,G20

Reach Code Price S3,170 S5,459 51,906 S5,130 51,672 SG,G92

low-rise Incremental Price S-413 S840 (5850) 510 (S1,08-~) 52,072
l~fultifamily P~~SEncrg}~Savings 54,U3? S897 S~4,238 S1,^+~I 5-~,i1t X2,125

B/C Ratio 9., 1.1 do t'<~sts 3.~ ~~~ t:~~sts lA

LCC Savings 53,608 S5' S5114~) 51,230 X5,345 S73

Fligh-rise

Base Casc Price $5,564 S5,5G4 55,5G~

Reach Code Price ~G,399 53,848 53,375

Incremental Price S835 (51,717) (S2,189)
Multifamily PVC Ener},~}~ Savings ti ~ ~~~ ~ ~ S3,')()5 53,90

B/C Rario a do C~~srs ti~~ r ~ ~,c

LCC Savings ti; n~~1 S5,G''2 SG,t~f~:}

Base Case Price S13,5G8 513,568 513,568

Reach Code Price 513,568 58,158 S7>157

Dledium Incremental Price $0 (55,410) (SG,-113)
Office PVS L'ncrgy Savings $3,303 S k,'~~

B/C Ratio ~u ~:~,sts "~~~ ~ ~,~,~~:

LCCSavings SO 58,71} Sll,ic;~

Base Case Price S18,255 X18,255 518,255

Rettil
Standalone

Reach Code Price S18,255 510,976 59,629

Incremental Price $0 (57,279) ($8,626)

PV5 EnergJ• Savings - SO 50

B/C Ratio - L<~ ~.n ui-~ '.~o Savings

LCC Savings 50 S-,' '~1 $8,626

Base Case Price S16,944 S16,9~k+ S16,9~-4

Reach Code Price $1G,9~I4 S10,188 58,937

Incremental Price SO (S6,75G) (S8,007)
Strip Mall

PV$ Energ}~ Savings
~

53,11 ~ ~ 1,158

B/C Rado \o Ousts `.~~ (:ost~

LCC Savings SO S9,S'S X13,165
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 3 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

8.4.3 Climate Zone 3

PV of Energy Savings Recommendarions

s3,000 Steep-Slope Reach Code: YES, IF
52,E COSTS DECREASE

sl,aoo Because of the relatively mild climate in
s,,~ Climate Zone 3, The simulations show
$1 ~ increased energy usage for the single

family prototypes. Therefore, the steep-
SS°" slope Reach Code should not be pursued

s- ~ ~~, ~~~ " " by jurisdictions in Climate Zone 3 for

sisooi 'I single family prototypes. Multifamily
prototypes showed energy savings, but

su,000t
1-story 2 story Low rise Low~rise Hightise Medium Retail s~~P Mau ~ increased life rycle costs. A multifamily
s~„B~ sn,~ie PAultifamilyMultifamilyMultifamily «rye StanJalone stee -slo e reach code map become costFamily family (Keep lbw slope) p P 1

~'°~~ effective if cool roof costs decrease.
■ ~linimum fleach Code ■ iIER 1 ■TIER Z

Low-Slope Reach Code: YES

rife Cycle Cast savings Simulations show energy savings and life
(> o =Cost Effective) cycle cost savings for the high-rise

S4.000 multifamily, medium office, and strip
$3~ mall prototypes. The retail standalone

prototype does not sho~vs a slight
52'0°° increase in energy usage with new
5t~~ construction characteristics, but shows

so 'I "' ' ~~~ ~ ' ~■ energy savings in retrofit situations (see
' I the figure on the following page).

si,000
Furthermore, considering that in die

-5~~0°° long term cool roof prices are likely drop
s3,000 as they become more prevalent, and

istory 2 story Lmv rise Lo~v ri,c High rise Medium Retail S[rip Mall ~,ould provide further benefit as climateSingle Single Mulu family Muhifamily Multifamily Office Standalone
Family Family ~stee~ ~Iowslope) change becomes more severe,

9ope)

■ Minimum flnach Cnde ■TIER 1 ■ ilFtt 2 
jurisdicrions in Climate Zone 3 should
pursue the cool roofs Reach Code.

Life Cycle Cost Savings Averaged Across Prototytpes The Tier 2 Reach Code is most cost
(> 0 =Cost Effective) effective, on average, and yields the most

s1.5o~ energy savings. Tier 2 is recommended
to maximize energy savings.

57.IX70

5500

ti

$(SW)

S~i,L100)

SI1.SW)

5(2,000)

Minimum ter 1 ~~.ar 2

■ Stzep slope ■ Loer Siope
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 3 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

The retail standalone prototype shows negative savings for new construction. This is largely due to the
relatively lo~v internal heat loads (such as lighting) of this prototype compared to the other
nonresidential prototypes. In retrofit situations, the lighting power density (LPD) will likely be higher,
than the 2013 T24 prescriptive requirements, resulting in higher internal gains, thereby reducing the
heating penalt~~ associated with cool roofs.

Simulations with a high LPD result in positive PV$ of savings for the retail standalone prototype in
Climate Zones 3, as shown below. The retail standalone retrofit prototype used the 1992 prescriptive
code as the baseline, which required the lighting power density to be at most 2.2 ~~C1/ft2 in the retail
space, compared to 1.2 W/ft2 under the ?013 Standards. Simulations were also run with the 2001
prescriptive code baseline of 2.0 W/ft2, which did not show energy savings nor energy penalty due to
the cool roof.

Nonresidential Lnerg~• Sa~7ings -Climate Gone 3

X3,000

X2,000.~

c~

~ ~ 1,000

W SO
~~

-S 1,000

Medium Retail Retail Strip Mall High Rise
Office Standalone Standalone Multifamily

(Retrofit)

■ i~iinimum (SR= 0.63, TE= 0.?5)
■ TTER 1 (SR = 0.68, TE = O.S5)

■ TIER 2 (SR= 0.70, TE =0.8~)
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Cost-Effectiveness Study for Cool Roofs -Climate Zone 3 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

Prut~ari'pe
. imaYc :one 3
iR~5u1Cs;~i~ld~.;

'Mini each ~:udc 'I'lI{It l' ., ;rI1?R 2

< ? 12 >'1~ ` 2:1' ~ 2:12 <'':12 > 2:12,

t3asc Casc Pr~cc S3,G84 S2,G8-} S2,68-4

1-story Single
Family

Reach Code Price 53,570 53,313 53,881

Incremental Price $88G SG29 51,197

PVC Energy Savings !S21R; ~7r,'~ ti(~~~~i',

B/C Ratio tin S~~cin~, ~.~, S~i~. in~:> \„ tiacmgs

LCC Savings (51,10-~ ~l.iv_' S1,895j

Base Case Price 51,853 51,853 51,853

2-story Single

Reach Code Price 52,465 $2,288 S2,G80

Incremental Price SG12 5434 5826
Family PVC energy Savings iSR'?; ( ?y ~ZN~:

B/C Ratio '~~~ ~acin~, t•, ti.n rr,;.. \~, Sac~ng~

LCC Savings ~SG9~; ~i~a'~ 51,111

Base Case Price 52,812 54,447 X2,812 54,447 X2,812 $4,447

Reach Code Price S1,G38 S5,91G S1,90G 55,490 S1,7GG SG,431

Low-rise Incremental Price ($1,174) S1,4G9 (5906) 51,043 (51,0-36) 51,984
Multifamily PVC Energy Savings ~5,t; 5205 5=tR3 ti',1 ~ s } ~+~ ti~~"',

B/C Rauo A~~ ~ ~>~r~. 0.1 ~<~ ('o~t.~ u ; '~;~~ ~ ~~.i . u '

LCCSavings 51,52 ti(,'o~} 51,;8 ~S-3n, sl,~li~ lS1,61~1;

Base Case Price S5,G77 S5,G77 5,677

Reach Code Price 53,307 53,8.18 S3,5G5

High-rise Incremental Price (52,370) (S 1,839) (52,112)
Multifamily PVC Energ}' Savings ti I , ~~ i_' ti i .'~! ~.'. 5 l .'~i r'

B/C Ratio '~~, ~ ~~~r~~ G~ ~ t~<i A~, ~ „•-t;

LCCSavli~gs $3,G t tii,131 `;,II J

Base Case Price 57,012 57,012 S7,p12

Reach Code Price 57,012 58,158 57,558

Medium Incremental Price 50 51,146 S5~}6
Office PVC Energ}~ Savings - ~.,6 ~': I~~'ti

B/C Ratio

LCC $~vings

- I 1

5';ti(i

-L.5

~0 S1,9i'

Base Case Price 59,435 $9,~F35 S9,-435

Reach Code Price 59,=135 510,976 510,169

Rettil Incremental Price SO 51,541 5735
Standalone PVC Energ}~ Savings ;ti.~~S ~ ~ `~.

B/C Rado \n ti.itin,*.> '`c~ ti.,~u~;~~

LCC Savings ~0 (51,~~_^t~ ti[_t I ~.

Base Case Price 58,757 58,757 53,757

Reach Code Price 58,757 510,188 $9,~F39

Incremental Price 50 51,431 SG82
Strip Mall

PVS Energ}~ Savings St (14D ~ I.(~1t~

B/C RaUo i ~ - 1. ~

LCC Savings SO ~Sis~l ~i58

J
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 4 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

8.4.4 Climate Zoue 4

PV of Energy Savings

ss,eoo

sa,cpo

53,000

sz,wo

si,a~o

~; ___ ■■■

su,000~

■ Minimum Neach Code ■TIER 1 ■BIER 1

Life Cycie Cost Savings

(> 0 =Cost Effective)

Recommendations

Steep-Slope Reach Code: YES, FOR
LOW-RISE MULTIFAMILY
BUILDINGS

The simulations show low or negative
energy savings, as well as life cycle costs
for single family prototypes. However,
Low-R.ise Multifamily simulations show
significant energy savings, and LCC cost
savings. Therefore, the steep-slope
Reach Code should be pursued for low-
rise multifamily buildings by jurisdictions
in Climate Zone 4.

For Low-Rise Multifamily buildings, die
Tier 1 Reach Code is the most cost
effective, on average, while Tier 2 yields
the most energy savings. Tier 2 is
recommended to maximize energy
savings.

s~,~

56,000

ss,000

Sa,ax~

s~,a~o

sz,aoo 

-si,00n ' '

s7,nc~
1 sorry 2 story Lori rise Low riw High rise Medium Retail Ship Mall
Single Single Multifamily Multifamily Multi Family CNfice Standalone
Family Famly istee0 (loly slope)

~~~~
■Alinimurn Neach Cude ■TIfRl ■TIER?

Life Cycie Cost Savings Averaged Across Prototytpes

(> 0 =Cost Effective)

S~~,WO

s i. ~o

53,000

sz.5cw

sz,000

si,suo

si,cx~

ssiw

s -- —

slsao~
Minimum

6/4/2015

1 story 2 story tow rise Low rise High rise Medium Retail Strip A1aii
Single Single Muhifamily Multi Family Muitifamity CNfire StanAalone
Family Family steep (low slope)

slope)

Low-Slope Reach Code: YES

All prototypes show energy savings and
life cycle cost savings except the Retail
Standalone prototype at a Tier 1 Reach
Code level. (Retail standalone is cost
effective at the Tier 21eve1). However, as
shown in the figure on the next page,
standalone retail buildings in a retrofit
scenario show $1,500 in energy savings
at the Tier 1 Reach Code, which is
roughly equivalent to the $1,500 in
incremental costs estimated for the cool
roof. Because the cool roof Reach Code
is cost effective in nearly all scenarios,
and considering that in the long term
cool roof prices are likely drop as they'
become more prevalent, and would
provide further benefit as climate change
becomes more severe, jurisdictions in
Climate Zone 4 should pursue the cool
roof Reach Code.

The Tier 2 Reach Code is most cost
■ effective, on average, and yields the most

- energy savings. Tier 2 is recommended
to maximize energy savings.

Tier i Tier 2

■Steep Dope ■Iorr Slope

5=~



Cost-Effectiveness Study for Cool Roofs —Climate Zone 4 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

The retail standalone protot~~pe shows negative savings for new construction. This is largely due to the
relatively lo~v internal heat loads (such as lighting) of this prototype compared to the other
nonresidential prototypes. In retrofit situations, the lighting power density (LPD) will likely be higher,
than the 2013 T24 prescriptive requirements, resulting in higher internal gains, thereby reducing the cool
roof heating penalty.

Simulations with a high LPD result in positive PV$ of savings for the retail standalone prototype in
Climate Zone 4, as shown below. The retail standalone retrofit prototype used the 1992 prescriptive
code as the baseline, which required the lighting power density to be at most 2.2 W/ft2 in the retail
space, compared to 1.2 W/ft2 under the 2013 Standards.

Nonresidenrial Energy Sa~~ings -Climate lone ~

55,000

54,000
.~

v, 53,000

as
v ?,000

W
0 51,1100

~ SO

Medium Retail Retail Strip Mall
Office Standalone Standalone

(Retrofit)

■ 1lLinirnum (SR = 0.63, TE = 0. i ~)

■ TTER 1 (SR = O.GS, TE = 0.85)

■ TTER 2 (SR = 0.70, TE = 0.85)

High Rise
Multifamily
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Cost-Effectiveness Study for Cool Roofs -Climate Zone 4 Results

Prepared for PaciFic Gas &Electric Company by TRC Solutions

Prnr~~h•pc
(:limatr'/.cmc 4
(Rc;iilts; Bldg.?

I~tinimmn Rcach (:ode "1'II~.R "1 '1'IIiR 2

< 2: j ~ > ?: t 2 < 2:12 > 2:12 < 2• ] 2 > 2:12

Busc Case Pdcc S2,892 S2,892 S2,892

Rcackt Cudc Pricc S3,222 S3,082 S3,841

1-story Single Incrcm~ntal Price 5331 5190 S9-19

Family PA'S I~,ncrg}' tiavings SR:i (S31) (~82}

B/C Ratio f~_3 ~~~ Savings ?~~~ Savings

L(.0 Sa~~ings fS?~:~, ($221) :'51,031]

Banc Case Price S1,997 S1,997 S1,997

Itcach Code Price S2,225 S2,128 S2,G~2

Z-story Smglc Incremental Price S228 S131 5655

I~ainil}' PV'S I;ncrg}- 5a~~ings ss19? S2?3 532,

B/C 12atio 0.8 2.1 0.7

LCC Savings (53~i S1~? {Si28j

Rase Case Price S2,812 S4,792 52,812 S-},792 S2,812 S~,792

Reach Code Price S 1,638 55,340 S1,90G 55,107 S1,7G6 SG,365

Low-rise Incremental Price (S1,174) X5548 ($906) 5315 (S1,0~6) S1,573~

n[ultiEamil}' PVS Encrg}'Savings $~,23~ ti885 $~1,GUli 51,692 S3,G9G S3,1ti~

B/C Ratio ~i~, ('~>;t> l.G ti~i (:gists :i.4 '~o (:rests 1.3

I.CC tiavin};s 5 ,412 53~' S5,5UG $1,3" SS,-4? 553

Base Case Price S5,G77 S5,G77 S5,G77

Reach Codc Price 53,307 53,848 S3,5G5

Ili~;h-rise Incremental Price (52,370) (51,829) (52,11?)

A[ultifamil}~ PVS Encrg}' Savings S3,9U5 53,9O,5 53,9f}5

BBC patio '~o (:<~st. ?~c~ (~c~st~ ~o (:r~~t~

LCC Savings $G,2~5 S5,'3i 56,01,

Rase Cass Price 57,012 57,012 57,012

Reach Codc Price S7>012 58,158 57,558

n(cdium Incrcmcntall'ricc SO 51,1~}G SS-46

Officc PV~S L'nccg~~ Savings 52,1'8 S3,3U3

li/C Rntio 2.~'. G.1

1,(;~: Sa~~ings SO 51,333 S'?,~5

Hasc Case Price S9,=F35 59,435 S9,-135

Reach Codc Price S9,=435 510,976 510,169

Retail Incremental Price SO S1,5d1 5735

Standalone PVS Lncrg~ tiavings SO 58'6

R/C ]Zatio ~o tiavings 1 1

LC(: tiavin};s SO 01,541) S91

Base Case Prig 58,757 58,757 58,757

Rca~h Codc Price 58,757 510,188 S9,-F39

Incremental Price SO 51,431 SG82
Strip Atall

PA'S I;ncr~}• Savins;s S~,"2 S3,4G5

B/C Ratio L9 ~.1

LCC Savings SO 51,341 52,'83
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Cost-Effectiveness Study for Cool Roofs -Climate Zone 5 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

8.4.5 Climate Zone 5
Recommendations

PV of Energy Savings Steep-Slope Reach Code: YES, IF

s6,a,~, COSTS DECREASE

Saaw Because of the relatively mild climate in
Climate Zone 5, the simulations show

sz.Wo " increased energy usage for the single
family prototypes. Therefore, the steep-.■■ ■--S- '~~ -■■ ~ slope Reach Code should not be pursued

siz o«n by jurisdictions in Climate Zone 3 for
single family prototypes. Multifamily

s~a,~~ prototypes showed energy savings, but

s~b,000i increased life cycle costs. A multifamily
1-s'tory ~ S~o~Y Gov, ~~~ ~~v, „~ High rise Medium Retail s~~;,, Md~~ steep-slope reach code may become cost
Single Singly Multifamily Muhifamily Multihmily Office Standalone
Family Family (steep ~lor~slope) effective if cool roof costs decrease.

sloce)

■ Minimum Reach Code ■TIER 1 ■TIER 2

Low-Slope Reach Code: YES
Life Cycle Cost Savings

(> o =cost Effective The simulations show energy savings and
sA,,,~, life cycle cost savings for all prototypes
5~~ except the Retail Standalone. Even

though the stand alone retail has large
5''0°" negative savings, averaging all of the
s2,~o nonresidential prototype results still

s~ ~, ~~~ I -~ shows life cycle cost savings.

SZ000 ~'I ' ''' Considering that in the long term cool
roof prices are likely drop as they

S4'0°° become more prevalent, and would
s~,~ provide further benefit as climate change

1-stury 2~story Low-rise Low-rise Hightise Medium Retail Strip Mall
Single Single Multihmily Muhifamily Muhifamily Office St~ndabne becomes more severe, jurisdictions in
iamity family steep (low slope)

~,~cei Climate Zone 5 should pursue the cool
■Minimum Reach Code ■TIER1 ■TIER2 roof Reach Code.

The Minimum Reach Code is the most
rife cycle cost savings Averaged Across Prototytpes cost effective, on average, and yields the

(> 0 =Cost Effective) 
most energy savings.

sz,aoo

5 t,soo

51,a~o

Ssoo

5

Sfs~l

5(t,oual

511,1

Slz,000)
Minimum Tier 1 ? ~-~

■ Steep gape ~ Low Slops
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Cost-Effecti~reness Stud- for Cool Roofs -Climate Zone 5 Results

Prepared for Pacific Gas &Electric Company b5~ TRC Solutions

Protcat~-pc
Climate 7..one 5
(ResultafBldg.)

I~Iinirnuui h Cr~d~ '3'i~12.1 . '~I~~i ~,
< 2:12 > 2:12 <_ 2:]2 > 2:12 <_ 2:`i2 > 2:'i~

Basc Cast Pricc S2,G28 S2,G28 S2,G28

Rcach Cody Pricc S3,G89 S3,638 S3,938

1-story Single Incremental Price S1,0G1 51,009 S1,309
(~amil}' PA'S I?ncr~n• Savings /5291} 1S730j (S906~

B/C Rati~~ Nc~ Savin~n iv<~ Sa~~in};~ do timings

LCC Savings (S 1,351) (S7,?39) (S2,21G}

Bass Case Price S1,815 S1,815 S1,815

Reach Code Price S2,547 S2,512 S2,719

2-story tiin~;lc Inacmcntll Price 5732 S697 S90-~
Family P~~S Encrg}' tiavings ($135) (5383} 0483)

B/C Ratic> '.V<~ tiac•iu~s Nc~ Sat•ings No Sa~~ings

LCC Savings ~S8GSj {S1,D80} (51,387)

Base Case Price S?,812 S4,35G S2,812 S-},3i6 52,812 S-~,3~G

Reach Code Price $1,790 SG,113 S1,90G SG,028 S1,7~5 SG,525

Low-rise Incremental Price (51,032) 51,758 (S906) S1,G72 (S1,067) S3,1G9
nfultifamily PVS F.ncrk~}~ Savings $5UG SZ'1 52~' 5385 $229 S42'

B/C Ratio 'V"~~ (.ost~ 0.2 ~;o Costs 0.2 No Costs 0.2

LCC Savings S1,52~ 01,487} 51,183 {$1, 87} S1,29G (Sl,i~2~

Base Casc Price S5,G77 S5,G77 S5,G77

Reach Codc Price S3,61=4 S3,8~38 53,522

I Iigh-cisc Incremental Price (52,063) (51,829) (S2,154)
AfultiEamil~~ PV~S L'ncrg}~ Sa~~in};s $5,20' S3,9(~S 53,9U~

B/C Ratio Nc~ (;rests ~'o t'tists riu gusts

LCC tiavings S7??0 S~,'35 SG,OGI)

Rase Case Price S7,6G3 S7,G63 S7,G63

Reach Code Price S7,6G3 S8,158 S7,-}G8

nlcdium Incremental Price SO S495 (S195)
Office PVS L',ncc~n' Savings ti?,-k,4 ~2,4?A

B/C Ratio i.11 No (:o~r~

LCC tiavings SO S1,9tSi X2,6?2.

Rase Case Price S10,370 510,310 510,310

Itcach Code Price $70,310 S10,976 S10,0-~8

Retail Incremental Price SO SGGG (S262)
Standalone PVS Gncr~}' Savings - 04,129) ($-4,955}

B/(: Katie iVo ~avin~;s '~~~ Savin~,*s

LCC Savings SO {~4,')5} (5~,G93}

Bass Case Price S9,570 S9,570 S9,570

Rcaeh Code Priec S9,570 S10,188 59,327

Incremental Price SO SG18 (~2-F3)
Strip Mall

P\'S Gncrg~~ Sa~~in~s - SGT), $I,03~1

B/C Rati~~ - 1.1 Nu (:cysts

I.CC Savin};s SO S-~ S1,282
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 6 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

8.4.6 Climate Zone 6

PV of Energy Savings Recommendations

s',W" Steep-Slope Reach Code: YES, FOR
s~,~~ LOW-RISE MULTIFAMILY

BUILDINGS5,~,

s4,o~ The simulations show low or negative
energy savings and positive life rycles3,000
costs for the single family prototypes.SZ'"°"
However, the Low-Rise Multifamily

S'•0°° prototype shows energy savings and life
s _~ 

—__ 'I~ '~
cycle cost savings for the Tier 1 and Tier
2 Reach Code. Therefore, the steep-slopes~l,a,,;i

b story 2 story Low-rise Lcw-nse High~ris? A9edium Retail Strip Mail Reach Code should be pursued for Low-Smgle Single MuL-iFamJy Multifamily Multifamily Office
Family FamiiV (steep povislope~

Standalone

Rise Multifamily buildings by
JnVeI

jurisdictions in Climate Zone 6.
■ Minimum Reach Code ■TIER 1 ■TIER 2

For Low-R.ise Multifamily buildings, the

Life Cycle Cost Savings Tier 1 Reach Code is the most cost
(> 0 =Cost Effective) effective, on average, while Tier 2 yields

s~a,~o the most energy savings. Tier 2 is
s,,,~,~, recommended to maximize energy
sio,000 savings.

sa,~~ Low-Slope Reach Code: YES
Sr.ax~

The simulations show energy savings and
S''10° life cycle cost savings for all prototypes.
sz.000 '' ' ' Therefore, low-slope cool roofs should

so ~_~ ~—. _~■ be pursued by jurisdictions in Climate
sz.000 Zone 6.

] stnry 1 story Low rise tow rise High ifse Medimn fletail Slrip Mall
Single Single Multifamily Multifamily Multifamily Offic=
Fam.,Y Fa~,~iv (steep n~,w~oa~~

Standalone
The Tier 1 Reach Code is the most cost

~'°°~' effective, on average, while Tier 2 yields
■Minimum Reads CoCe .T~Ea~ .,~FRz

the most energy savings. Tier 2 is
recommended to maxunize energy

Life Cycle Cost Savings Averaged Across Prototytpes SavlrigS.
(> 0 =Cost Effective)

siz,00u

Sw,oao

SA,<ml

S~,a~n

5a,uu~

Sz,000

4 -. ~

Sfz,aa~
M1linlmum ter ] Tier 2

■Sleep slo0e ■Lout Slope
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Cost-Effectiveness Study for Cool Roofs -Climate Zone 6 Results

Prepared for PaciFic Gas &Electric Company by TRC Solutions

~~~`
(:limatc 7tmc G
(RcsultsJBldg.)

~~inirnnm 12each (;ode ~"T~?R 1 ~ ~ 'I'Il?lt ?

< ~.~~ > 2:12 ~'.1? ' > 2:13 < 2•l2 > 2:12

Base Case Price $2,741 52,741 $2,741

12each Code Price S3,362 S2,905 53,396

1-story Single

fa y

Incremental Prig SG21 S1 G-~ S655

PVC Iinccg}' Savings SO 5' 125. ($171

B/C Ratio tip, ~.n~m~;~ ~~~ ti.i~~n~,; ~ Ida ,~#

LCC Savings (5621) ($290) (S82G)

Base Case Price S1,892 51,892 $1,892

Reach Code Price 52,321 S2,00G 52,345

2-story Single
Family

Incremental Price S429 5114 S452

PVS rner~~ Savings S54 S•}~) ~ }q

B/L Ratio U. ] U.~ uJ

l CC Savings Si~'i (~G4) (S-~~~'~

Base Case Price 53,362 S4,5~+2 53,362 S4,542 53,362 S4,542

Reach Code Price S=x,058 55,571 S2,339 54,814 $4,063 $5,627

Low-rise Incremental Price SG96 S1,030 (S1,023) S273 S'Ol S1,085
l~[uluEamily PV~Encrg}'Savings S3,i2-~ 5~~1 ti;t,u~l Sl,~i ~i,Glti SI,B~A

B/C Ratio k 5 0.7 \~, t .~~.rs 5.G ~.~ I.,

LCC Savings $2,6'_ ~ ~'$359j 5~,G23 S 1,2i 1 52,94" 5'(~ i

Base Case Price SG,787 SG,78 i 56,787

Reach Lode Price $8,193 S4,721 58,202

I Iigh-rise Incremental Price 51,406 (S2,066) S1,-~15
bfuldfamily PVS Enccg}~ Savings 55,21 ~ SG,~it~9 SG,509

B/C Ratio ', ~ ~ \„ ! ~,vts -~.G

LCC Savings ti3,tiul 58,5'4 ~~!»4

Base Case Price 517,371 517,371 517,371

Dledium

Reach Code Price 517,37] 510,011 S17,391

Incremental Price SO (S7,3G]) S19
Office PVSEncrg}'Savings - S3,;~'~ ~;},9~y

B/C Ratio - Au + r„h~ _'iti-5

LCCSavings $0 SIu,Giil ~F9i(,

Retail

Base Case Price X23,372 523,372 S23,372

Reach Code Price S23,372 513,469 S23,398

Incremental Price SO ($9,904) S26

Standalone PVC Energ}' Savings - $RAG ;'+I,G~'

B/C Rario - Nu (_ost~ G3.G

LCC Savings SO ~10,'3~i $1,636

Base Case Price S21,694 521,G9~ SZ l,G9d

Reach Code Price S21,G94 512,501 S21,718

Incremental Price SO (S9,193) S?-1
Strip 1~Iall

PVS ~nergp Savin};s - S'~,R l 1,4,50-4

B/C Ratio - \~~ (:osts 186.9

LCC Savings 50 $13,OO~t $-4,-480
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 7 Results

Prepared for PaciFic Gas &Electric Company by TRC Solutions

8.4.7 Climate Zone 7

PV of Energy Savings Recommendations

s`~,~~ Steep-Slope Reach Code: YES, FOR
58,E LOW-RISE MULTIFAMILY
5~-~ BUILDINGS
56,DOU

The simulations show low or no energ3'55,IXJ0

savings, and mostly life cycle costs fors~,uou
the single family prototypes. However,53~

the Low-Rise Multifamily prototype57 ~
shows energy savings and life cycle costsl,o~w

___ ~'I savings for the Tier 1 and Tier 2 Reach5 _ __

Code. Therefore, the steep-slope Reach5(1,~a~1

1 >tory 1-sorry locrrise Lo~v-rise High rise Medium Retail Strip Mall Code should be pursued for low-rise
Single Single MW[ifamily Multifamily tdultifamdy Uffice Standalone
Family Family ~s~e~P n~~~r~~,~e~ multifamily buildings by jurisdictions

~o~~
Climate Zone 7.

t Minimum Rearh Cude ■TIFft 1 ■ 11(R 1

For Low-Rise Multifamily buildings, the

Life Cycle Cost Savings Tier 1 Reach Code is most cost effective,
(> 0 =Cost Effective) on average, while Tier 2 yields the most

s,~,o„o energy savings. Tier 2 is recommended
s,.,,o,x, to ma.Yimize energy savings.

s"'°̀ ~ Low-Slope Reach Code: YES
sio,ouo

sR,am The simulations show energy savings and
sb,~~ life cycle cost savings for all prototypes.
S,,o„o Therefore, low-slope cool roofs should
Sz,a,c, be pursued by jurisdictions in Climate'I'

Zone 7.
-_ _—_ ~._

~

Sz•°°°
The Tier 1 Reach Code is the most cost7-story 25tory ~ovrris? Lo.r risr High-rise Medium Retail Strip Mall

Single Single Multifamily Multifamily Multifamily O(fice Standalone effective, on average, while Tier 2 yieldsFamily Family (steep ~Iov+sloFe~

~~~~ the most energy savings. Tier 2 is
■Minimum Rc!ach Code .T~Ea, .nFa~ recommended to maximize energy

savings.
Life Cycle Cost Savings Averaged Across Prototytpes

(> 0 =Cost Effective)

Siz,00u

siu,aw

SH,~x~n

56,000

5a,c,~n

$2,000

5 ■

$(2,0001
Mirnmum tied lier2

■ Stcep slope ■ LorJ Slope
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Cost-Effectiveness Study for Cool Roofs -Climate Zone 7 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

I'rc,ruhpc
(:litnate'lc~nc'

esutrs!Hld r{K b•)

Minimum Rcad~ f:ode 'fII:R 1 1'II?R 2

<_ 2:12 > ? 12 < 2• t 2 > ~: 12 c 2 1? > 2:12.

1-story Single
I~ainily

Base Case Price S2,741 $2,741 S2,741

Reach Code Price S3,3G2 S2,905 S3,396

Incremental Price $G21 51 G4 S655

PV$ ~ncrg}• Savings S58 (S i G) ~S'R)

B/C Ratio 0.1 \~~ ~a~-ings ti~~ ti.~t~iis;~

LCC Savings ($563j ($181) (5-33)

Base Case Price S1,892 51,892 51,892

Reach Code Price S2,321 S2,000 S2,345

2-story Single Incremental Price 5429 S11 1 5452
Family PVS~nerg}•Savings SR6 ~(.i5 $l~'1

B/C Ratio t12 i Il i

LCC Savings ~'~.} ~~ 5" 53t1~i.

Base Case Price S3,3G2 S4,5~+2 ~3,3G2 S4,542 S3,3G2 S-~,~-4?

Reach Code Price S4,058 S5,571 $2,339 S4,814 S4,0G3 55,G27

Low-rise
b[ultifamily

Incremental Price ~G9G $1,030 (51,023) S272 X701 51,085

PV$Encr~•Savings S3,~u~) S5~3 S3,U5R SI,1G? Sill.; Sl,-~~,

B/L Ratio ', ~> p.G ~;~, c'ot~ ~.i ~.~ 1. i

LCC Savings `i"-',Ii'1 i (5453; ti~~,U~1 S889 S?,442 ~3?2

i-Tigh-rise

Base Case Price SG,787 SG,787 SG,787

Reach Code Price 58,193 54,721 S8,202

Incremental Price S1,40G (52,066) 51,415
h[ultifamily PV5 Encr~~ Savings $7,81 I SG,iU'1 tiG,5~19

A/C Ratio 5.6 ~~~ c ~,~t~ 1.G

LCCSavings ~G,405 y5,~,~E ~7,~~'>~

Rase Case Price 517,371 517,371 S17,371

Reach Code Price 517,371 $10,011 S17,391

Medium Incremental Price SO ($7,361) S19
Office PVS Energ~~ Savings S•~ 955 ~ x.'81

B/C Ratio ~~i t :osts "~q.G

LCC Savings 50 al?,31G ti5,~o~

Base Case Price S23,372 $23,372 S33,372

Reach Code Price 523,372 S13,469 523,398

Retail Incremental Price SO (59,904) 526
Standalone PVS Ener~~ Savings - $4,129 $-~,9~5

B/C Ratio - No Costs '(90.9

LCC Savings SO ~ 1,033 54,929

Base Case Price 521,694 521,694 521,694

Reach Code Price 521,694 512,501 521,718

Inuemental Price SO (59,193) 524
Strip A1all

PVS Encrg}' Savings $x,158 5~,~ ! ~

B/C Rado ~n Custs _'30.1

LCC Savings SO ~13,iit S~,i~U
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 8 Results

Prepared for PaciFic Gas &Electric Company by~ TRC Solutions

8.4.8 Climate Zone 8

$9,000

SS,000

S 7,(700

$6,(%)0

ss,000

sn,aoa

s 3,000

5z,~on

$~,~
s

sic,000

sio,000

siz,000

Sio,oao

Se,000

56,OW

sa,000

sz,000

So

$2,000

Si~,oao

5 io,ow

Ss,aou

56,W0

54,000

.11 ■11

PV of Energy Savings

i-story 2-story tow-rise Low-rise High-rise Medium Retail Strip Mall
Single Single Multifamily Muhifamily Multifamily Dffice Standalone
Family Family steep (lour slope)

~o~t
■ Minimum Reach Code ■TIER 1 ■TIER 2

life Cycle Cost Savings

(> 0 =Cost Effective)

■■ ■■ _"

].story 25tory Low~~ise low-rise 1ligh rise Mediwn Retail Strip Mail
Single Single Muhifamily MultY(amily Multifamily Oftne Standalone
Family Family (weep (low slope)

slnt~e)

■ Minimum Reach Code ■TIER 1 ■TIER 2

Life Cycle Cost Savings Averaged Across Protatytpes

(> 0 =Cost Effective)

Sz,~ 

~,

Minimum

6/~F/2015

■

Tier 1

■Steep slope ■tow 5bpe

■

Tinr Z

Recommendations

Steep-Slope Reach Code: YES

The simulations show energy savings and
life cycle costs savings for all prototypes
at nearly all Reach Code levels.
Therefore, the steep-slope Reach Code
should be pursued by jurisdictions in
Climate Zone 8.

The Tier 1 and Tier 2 Reach Code have
roughly equivalent cost effectiveness, on
average, but Tier 2 yields more energy
savings. Tier 2 is recommended to
ma~mize energy savings.

Low-Slope Reach Code: YES

The simulations show energy savings and
life cycle cost savings for all prototypes.
Therefore, low-slope cool roofs should
be pursued by jurisdictions in Climate
Zone 8.

The Tier 1 Reach Code is the most cost
effective, on average, while Tier 2 yields
more energy savings. Tier 2 is
recommended to maxuiuze energy
savings.
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Cost-EEfecti~-eness Study for Cool Roofs -Climate Zone 8 Results

Prepared for PaciFic Gas &Electric Company- b~~ TRC Solutions

Prat<~h-pc
C;limam /.c~nc S
(RcsultsjHtdg.)

Minimum Rcach f:ode '1'IIiR t "1'II12 ?

< 2:12 > a•iZ < 2:13 > 2:12 ~ 2:12 > 2:12

liasc Case Prlee 52,741 S2,7-41 S2,7~1

Reach C~~dc Price S3,3G2 S2,905 S3,396

1-stony Single Incremental Price SG21 S1G4 SG55
I~amil~~ P~'SP.ncr~n•Savings $5G~ S1,0~3 Sl,?G2

B/C Ratio 0.9 G.~~ L~)

LCC Savings (SSSj SRR~ SGI1R

Banc Case Price S1,892 S1,892 S1,892

Reach Code Price S2,321 S2,000 S2,3-45

3-story Single Incremental Price S429 511 S452

Famil}' PVS I:ncr~,n- Saeings S~9? 5953 51,1'2

I~/(: Ratio 9.2 8.-1 2.G

LCC Savings S(i8 5839 S~30

Base Case Price S3,3G2 54,542 S3,362 $~,5~32 S3,362 S4,5-~2

Reach Codc Price S4,058 S5,571 S2,339 S&,814 S-~,0G3 S5,G27

Low-rise Incremental Price S69G $1,030 ($1,023) 5272 $701 $1,085
A[~iltifamily P~~SEncr~;p5avings S^,1G4 51,385 58,183 52,926 58,~4:i3 S3,GiG

B/C Ratio 1t13 13 ~;c~ ('ost~ lQ, 12.1 3.~

LCC Savings SG,~GS ~3:iS 59,211 S'_',G53 ~^,'S2 S2,5:i1

Banc Case Prig SG,787 SG,78 i SG,78 i

Reach Codc Price $8,193 54,721 $8,202

high-rise Incrcmcntal Price S1,40G ($2,066) S1,-~15

1~[ultiEamil}~ PVS Encrk}' tiavings $6,509 $x,811 $6,70)

B/C Ratio 4.6 ~n ('osts 4.G

LCC Savings 55,103 X9,8"G 55,1194

Lase Case Price 517,371 $17,371 517,371

Reach Code Price 517,371 $10,011 $17,391

~lcdium Incremental Price SO ($7,361) S19

Officc I'VS Lncrk~~ Sa~~in},*~ - $4,95 $5,'31

R/C Ratio pia (;osts 299.6

L(:(; tiavings SO $12,316 55,'62

Rase Case Price 523,372 $23,372 523,372

Reach Code Price $23,372 $13,469 $23,398

~tctail Incremental Price SO ($9,904) S26
Standalone PVS En~rg~~ tiavin};s 52,4'8 S"',-~?t3

H/C Ratio ~;~, Gusts 9'i--1

LCC Snvinks SO 5'12,131 `5^,452

Banc Case Price $21,69.1 S21,G94 S21,69d

Reach Code Pcice $21,694 $12,501 $21,718

Incrcmcntal Price SO ($9,193) 52-4
Strip i~iall

PVS Gncr~~~ Savings - $4,158 55,E ~-F

B/C Ratio - ~o (:~~sts 230.1

LCC Savings SO $13,351 X5,520

6=~
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Cost-Effecti~reness Study for Cool Roofs —Climate Zone 9 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

8.4.9 Climate Zone 9
RecommendationsPv of Energy sav~r,gs

s~z,00~~ Steep-Slope Reach Code: YES

s~o,o«, The simulations show energy savings and
life cycle costs savings for all prototypes.

sa,ax~ Therefore, the steep-slope Reach Code
should be pursued by jurisdictions in$6~

Climate Zone 9.

5̀ '0°° The Tier 1 and Tier 2 Reach Code have

Szoc~u roughly equivalent cost effectiveness, on

~'' ~'' ~ '
average, but Tier 2 yields the most

s energy savings. Tier 2 is recommended
1-story 2-story Lov:-nse Low rise liighris_ ~dzdium ReWii Strip M11d11
Single Single MultifamilyMulcifamilyMultifamily Offcr. Standalone to maximize energy savings.
Family Family steep (lo~v slope)

~~~~ Low-Slope Reach Code: YES
■ Minimum Reach Cute ■TIEfl 1 ■TIER 2

The simulations show energy savings and
life cycle cost savings for all prototypes

fife Cycle cost savings
at nearly all Reach Code levels.

(> 0 =Cost Effective)
Therefore, low-slope cool roofs shoulds~a,oao
be pursued by jurisdictions in Climatesi4,o«~
Zone 9.sL,oa,

y10~"x' The Tier 1 Reach Code is the most cost
Ss,ouo

effective, on average, while Tier 2 yieldsS~~o

the most energy savings. Tier 2 is
sn,000

recommended to ma:~imize energyS1 ~

s~ —1■ _1■ ~" savings.~I■
sz,oao

-sa,~
1 sNry 1stnry Low rise to~v rise Highrise Medium Retail Stnp Mall
Single Single Multihmily Muttifomily Muhihmily Offi.e Standalone
Pamily Family (steep ~lo~v slcpe)

slope)

■ Minimum Reach Codr. ■TIER 1 ■ TIER 2

Life Cyde Cost Savings Averaged Across Prototytpes

(> 0 =Cost Effective)

stz orx~

510.~~Oi~

$fi, 000

56, OOU

S4,(Y7(7

S ~~OQO 

~ ■ ., .,S

Minimun, ter 1 Tier 2

■ Steep dope ■ Lo~v Slope
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Cost-~ffecti~-eness Stud- for Cool Roofs -Climate Zone 9 Results

Prepared for Pacific Gas &Electric Compan~~ bj~ TRC Solutions

I~IU[OfV'~C
(:limatc 'l.<~nc 9

~l'tiU~ty; ~~C~ r1~ f,~~

I~finunwn Reach C<,dc ~i'II~,R i 'I'II?R 2
!')~ 7_ .1_ 7> 2:1~ C ~'~~_ ~ 2:~~ ~ Z:1~~.. > ~:1~

Bass Casc Peicc S3,7d1 S2,7-l1 S2,7-F1

Ruch Codc Pricc S3,3G2 S2,905 S3,39G

l-star}' Smglc
Family

Incremental Price $G21 S1G4 SG55

]'VS I:ncr~~~ Savings $,G8 $1,-~~}8 St; ~3

B/(: Rati~~ 1.2 $.8 2.

L(:C Savings S}4' S1,2$3 S1,11R

Banc (:asc Price S1,892 S1,892 51,892

Reach (:ode Price S2,321 52,006 S2,3-35

Z-story Single Incrcincntal Pxicc S429 5114 S452
Famil}' PV'S I:ncr},n~ Sa~~ings S~'2G $1,-M1(18 S1,'-~Z

B/C Ratiu t.' 12.-t 3.9

LCC Saein~;s $39- S t 29~ S1,2g0

Banc Casc Price S3,3G2 54,542 S3,362 S4,5.32 S3,3G2 S-~,5-~2

Kcach Code Price S=x,058 S5,571 S2,339 S-~,81~ S4,0G3 S5,G27

Lo~wrisc Incremental Price SG9G S1,030 (S1,0?3) S272 S701 S1,085
A[ultiEamily PVSFncr~,h•Savings S8,IRS St,S"~ 59,291 53,215 5~1,5~), S-~,l)28

B/C Ratio i 1.R (5 ~;~~ Cc~sr; 11.8 I i - 3.'

L(:C Savings 57, 491 'i5-~" 5111,319 52,94 ~;S,~9G 52,9 }?

Base Case Price S6,787 SG, i 87 SG,78 i

Ruch Code Price S8,193 S4,721 58,202

(Iigh-rise incremental Price S 1,406 (S2,06G) S 1,-} l ~
n[ultifamilp PVSFncrk}'tiavings $0 51,302 S2,1~~~}

R/C Ratio ?Vo Swing, ~o (:osts 1.$

LCC tiavings {$1,=406} S3,3G? X1,188

Rase Case Prig S17,371 S17,371 S17,371

Reach (:ode Price S17,37] 510,011 517,391

Alcdium Incremental Price SO (S7,361) S19
C)E6ce PV'S L:ncc~;~~ tia~~iny;s 53,303 5-1,955

B/C Ratio :fin ('osts 256.$

L(:(~ ti~vings SO $1t),GG~ $-1,936

Rasp Case Price S23,372 S23,372 S23,372

Kcach Codc Price S23,372 S13,4G9 S23,398

Retail Incremental Price SO ($9,900 SZG
Standalone I'\'S Encrgt• Sa~~in};s $4,95 $~,~82

L(:C tiavings SO 51,859 ~i,'55

Base Case Price S21,694 S21,G94 S21,G9~F

Reach Code Pcicc S21,694 S12,501 521,718

Incremental Price SO (S9,193) 52-1
Strip :Mall

PVS LncrgJ~ Savings Si,198 56,23'

B/(: Rati~~ ~u Cc>sts 3~8.R

LCC Savinks SO $1-4,390 ~G,2(3
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 10 Results

Prepared for Pacific Gas &Electric Company by TRC Solutions

8.4.10 Climate Zone 10

RecommendarionsPv of Energy sa~~r,as
s~z,000 Steep-Slope Reach Code: YES

s~o,000 The simulations show energy savings and
life rycle costs savings for all prototypes.

58'000 Therefore, the steep-slope Reach Code
should be pursued by jurisdictions in$6~

Climate Zone 10.

5~"0°° The Tier 1 and Tier 2 Reach Code have
Sz.~oo roughly equivalent cost effectiveness, on

,' ,' ' '' average, but Tier 2 yields die most5

energy savings.
1-story 2~story Low-rise Low-rise High-rise Medium Retail Strip Mail
Single Single Multifamily tviultifamily Multi farnily Uffice Standabne
Family Family (steep (IowslopeM Low-Slope Reach Code: ~S~

~°P~' EXCEPT HIGH-RISE
■ Mininmm Reach Code . ~ ~E~ ~ . r~ER ~

MULTIFAMILY

The simulations show energy savings andLife Cycle Cost Savings

{> 0 — Cost Effective} life cycle cost savings for all prototypes
except the High-R.ise Multifamilys~e,000

s,6,~oo prototype. Therefore, low-slope cool
sl^,000 roofs should be pursued for low-rise
slZ,°°°

multifamily and nonresidential buildings
sio,~wo

by jurisdictions in Climate Zone 10.sa,aw
sb,°'°

For low-rise multifamily and
sa,000

nonresidential buildings, the Tier 1Sz ~
■■ ■■ '~ ~ Reach Code is the5„ ,~, most cost effective, 

-sz,000 on average, while Tier 2 yields the most
-~'•0°° energy savings. Tier 2 is recommendedl story 2story law-rise Lo~v-rise High rise McAium ReUil Strip Mall

Single Single MuhihmilyMultifamilyMulti(amity O((iw Standalone to matimize energy savings.
Family family (steep Ilow slots)

slopel

■Minimum Reach Code ■ 11ER 1 ■TIER Z

Life Cycle Cost Savings Averaged Across Prototytpes

(> 0 =Cost Effective)

51z,~a`

Sio.oao

5$OW

S6,DU0

54,tbo

Sz,mo

g ■

Mimrtwrn Tier 1 Tier 2

■Steep slope ■ Law SbUe

G7
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Cost-Effecti~-eness Study for Cool Roofs -Climate Zone 10 Results

Prepared for Pacific Gas &Electric Company Uj~ TRC Solutions

Pi~rt~>hpc
climate %unc 10
(Rcsuhs; tild};.j

i~finiinutn Rcach ~:<~dc '1'I(~;IZ i 'l~Ililt 2

< 2:12 > 2:3? < 2.12 > 2:1? ~ 2:12 > 3:12

Basc Casc Pricc S3,3G2 S3,362 S3,362

Rcadi Code Pricc S3,3G2 52,905 S3,39G

1-sror} Single Incremcatal Price SO (S~}57) S33
Family PA'S I?ncr~,~}~ Saeings - $~83 51,1-~-4

B/C Ratio - tiir c'osrs 3~# 2

L(:C Savings SO S1,2~0 Sl,l11

Rase Case Price S2,321 S2,321 S2,321

Ruch C~~dc Price S2,321 52,006 S2,345

2-story Single Incremental Price SO (S316) S23

I~amil}' P~'SI?ncr~~Sa~~ings S'80 X1,1-t2

B/(: Ratio - ~~~ f:c~sts -}9.-~

LC(; Savings SO S1,p9G X1,1"19

Banc Case Price S3,3G2 55,571 53,362 55,571 S3,3G2 55,571

ltcach Code Price S=},058 S5,571 S2,339 S-1,81-} S-1,063 S5,G27

Low-rise Incremental Price $G9G SO (S1,033) (5757) 5701 S~5

A[ultifamil}~ PA'S I;ncrg}'tiavings 58,8-4 510,1 G2 51,')O8 $10,-463 $2,~G9

B/(: Ratio 12.' - ~o C<~sts ~i~ C'~~.ry 1~9 X9.9

LCC Savings 58, I ~A SO S 1 l,l RG S_',G6G S9,'G2 52,E 14

Banc Casc Price SG,787 56,787 SG,787

Reach Codc Price SS,193 S4,721 S8,202

Iligh-rise IncrcmcntalPricc S1,40G ($2,066) $1,415

A[ultifamily PVS F,ncrg}' Savings SO SO SO

B/C Ratio '.~o Savings tiro Savings '~;<> Savings

LCC tiavings l~1,40Gj S3,0G6 (~1,-~l~j

Rase Case Price $17,37] $17,37] $17,371

Reach Codc Pcicc X517,371 $10,011 517,391

Dlcdium Incremental Price SO ($7,361) S19

Officc PVS i;nerg}' Sa~~in~;s S9,G52 5~,-~~S

R/C Ratio :~<, (:~~sts 138.-4

L(:(~ Savin};s SO S9,U13 S?,-F:iA

Base Case Price $23,372 523,372 $23,372

Reach Code Prig $23,372 $13,469 $23,398

Retail Incremental Price SO (59,904) S26

Standalone PA'S L:nerg}~ tia~~in};s S5,?~31 5~,~33

R/C Ratio - Flo Gust, 286.3

LCC Savings $0 517,685 S',-}Il,

Base Case Price $31,694 S21,G94 S21,G9d

Reach Codc Price $31,69-4 $12,501 $21,718

Incremental Price SO ($9,193) S2~1
Strir Afall

PVS Gncrg}- Savings - 5~,1:i3 ~5,19g

B/C Ratio - ~;o t:osts 2I~.'

LCC Savings SO $13 i51 S'i,1-3
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Cost-Effectiveness Study for Cool Roofs —Climate Zone 11 Results

Prepared for PaciFic Gas &Electric Company by TRC Solutions

8.4.11 Climate Zone 11

PV of Energy Savings

siz,om

5io,~uo

sa,000

t $6,000

5~,~„~

sz,000

s 1' 1' I'
1-story ?-story tow-rise Inw-nse Highiise Medium Retail SMp Mall
Single Single Multifamily Multifamity Multifamily Office Standalone
family Family (steep (Imv slope)

slope)

■ Minimum Rzach Code ■TIER 1 ■TIER 2

Life Cycle Cost Savings

(> 0 =Cost Effective)

sia,000

su,oao

sio,000

sa,aoo

s~,~x~

$A,000

$2,000

SO

s~,wo

Ss,000

57,000

54~

$S,WO

$4,IXH]

53,000

$7,0[)0

S 1,W0

1-story 13Yory tcvl n:~~ lo~a-ri.k. High+ise Medium Nn G(I Ship M;,ll
Sir~glc Single Multifamily Multifamily Multifamily OFfice Standalone
Family family (steep (Iow slope)

~o{~e)

■ Minimum Reach Code ■TIER 1 ■TIER 2

Life Cycle Cost Savings Averaged Across Prototytpes
(> 0 =Cost Effective)

■

A4inimum Tier ]

■Steep slope ■Low 5lopr.

Tier 2

Recommendations

Steep-Slope Reach Code: YES

The simulations show energy savings and
life cycle cost savings for all prototypes.
Therefore, the steep-slope Reach Code
should be pursued by jurisdictions in
Climate Zone 11.

The Tier 1 Reach Code is the most cost
effective, on average, while Tier 2 yields
the most energy savings. Tier 2 is
recommended to maximize energy
savings.

Low-Slope Reach Code: YES

The simulations show energy savings and
life cycle cost savings for all prototypes.
Therefore, low-slope cool roofs should
be pursued by jurisdictions in Climate
Zone 11.

The Tier 2 Reach Code is the most cost
effective, on average, and yields the most
energy savings. Tier 2 is recommended
to maximize energy savings.

G9
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Cost-Effectiveness Study for Cool Roofs -Climate Zone 11 Results

Prepared for PaciFc Gas &Electric Company b~~ TRC Solutions

rrr~r~>tt~pc
(;lin~atc %onc 11
(Kcsutt~lBldg.)

~finunuin Reach (:nde 'f1f:R 1 "1'il?R2

< 2:12 > 2:12 < 3:13 > 2:12 < 212 > 2:12

Banc (:asc Pricc S3,137 S3,137 S3,137

Rcach Codc Pricc S3,137 S3,203 S4,253

l-stor}~ Single Incremental Price SO SGS S1,115
Painily PVSI~.ncrgpSavings - $90G ~l,3if)

B/(: Ratio - 13.9 L2

LC(. tiavings SO S84t S23i

Banc Case Price S2,16G S2,166 S2,1G6

Reach Code Price S2,1GG S2,211 52,936

2-story Single Incmmcntal Price SO S-}~ S7 %0
Family PVS Gncr~,~~ Savings - S')23 S1,3r)2

B/C Ratio ~O.~ 1.K

LCC tiavings SO SS?$ SG32

Banc Casc Price 52,78=4 55,199 S2,784 55,199 S2,78-3 S5,199

Reach Code Price S3,328 S5,199 S1,90G 55,307 S1,729 S7,0~7

Lo~v-rise Incremental Price (S45G) SO (S878) S108 (S1,055) S1,848

A[ultiEamil}~ PVSL~.ncrg}-tiaeings 5,,826 Sll),12G S1,'-t} $10,471 52,G13

B/C Ratio '~~~ (:opts Nei Cost tG.4 ':Vo (:t~~ts 1.-~

LC(: Savings $9,?82 SO S11,OUS Si,,GG2 ~11,51)li S~6~

Banc Case Price S5,G21 S5,G21 S5,621

Reach Codc Price S=4,700 S3,848 S3,491

Iligh-rise Incremental Price (S921) (S1,773) (S2,129)
I~tultiEamily PV$ Gncx~,~}~ tiavings SO 51,302 SO

B/C Ratio No Sa~rin~;s Rio Costs ?~o Sacin~

LC(: Savings $921 ~a'3,U-5 S3,1'9

Rase (:asc Price S9,9G5 S9,9G5 59,965

Reach Code Price S9,9G5 S8,] 58 S?,-103

Aledium Incremental Price $0 ($1,807) ($2,562)
<)fficc PVS l:necg~• tiavings - 53,303 "x4,139

li/C Ratio \~i (;osts ?Vu (:<~sts

L(:(: Savings SO 55,110 56,692

~3asc (:asc Price 513,407 $13,407 513,}07

Reach Codc Price $13,407 S10,97G $9,960

Retail Incremental Price SO ($2,431) (S3,-1.18)
Standalone I'\'S I:ncrg~~ Savings 54,955 SG,GO'

I~/C Ratio i~;<~ (:ost '~iu (:osts

LCC tiavin};s SO 5~,.38G 510,05

Base Case Prig S12,4~45 $12,445 S12,4~5

Reach Codc Pcicc $12,445 $10,188 S9,3d5

Incremental Price SO ($2,257) ($3,200)
Strip Aiall

PVS I:nccg}' Savings - 55,514 $7,2%'

B/C RaUo - ~c~ (:~~sts do Costs

LCC Savings SO $',8111 $"t(},~4''
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Prepared Eor Pacific Gas &Electric Company by TRC Solutions

8.4.12 Climate Zone 12

PV of Energy Savings

sio,oao

$9,000

58,000

s~,000

SG,000

55,000

s<,oa~

5i,aw

51,axi

si,000

s 11
1-story

Singly

Family

.~ II
l story low-rise low rise High-rise Medium Retail Strip Mall
Single Multifamily Multifamily Multifamily OFfire StanAalone
Family steep (Imv sloUe)

~o~~
■ Minimum Reach Code ■TIER ] ■TIFF 2

Life Cycle Cost Savings

(> 0 =Cost Effective)

siz,000

sio,000

5a,000

SG,000

sa,c~w~

S~,000

So ~—
S-Sif.fy

Single

Family

Se.~nu

$5,(XN]

$1,000

$3,1.Y)0

$2,(q0

I~■ I1 ~' 1
lsYnry li;.~n~~ Low~iise High+ise Medium Kn Uil Ship h9all
Single Multifamily MultiEmily Multifamily Office Standalone
Family (steep (lo~v slope)

sio4w)

■ Minimum Reach Code ■TIER 1 ■TIER 2

Life Cycle Cost Savings Averaged Across Prototytpes
(> 0 =Cost Effective)

5
Minimum Tier] Tier2

t Sreep slope ■Low Slope

Recommendations

Steep-Slope Reach Code: YES

The simulations show energy savings and
life rycle costs savings for all prototypes.
Therefore, the steep-slope Reach Code
should be pursued by jurisdictions in
Climate Zone 12.

The Tier 1 Reach Code is the most cost
effective, on average, while Tier 2 yields
the most energy savings. Tier 2 is
recommended to maximize energy
savings.

Low-Slope Reach Code: YES

The simulations show energy savings and
life cycle cost savings for all prototypes.
Therefore, low-slope cool roofs should
be pursued by jurisdictions in Climate
Zone 12.

The Tier 2 Reach Code is the most cost
effective, on average, and yields the most
energy savings. Tier 2 is recommended
to ma:rimize energy savings.
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Cost-Effecti~-eness Study for Cool Roofs -Climate Zone 13 Results

Prepared for Pacific Gas &Electric Company bj~ TRC Solutions

Pr~,tnhpc
(:limaCe %unc 12
!~tcsultsJRld *;;~,

DGniinum Rcach (:udc '17I:It 1 '1'II:R 3

< ~. ~_ i~ > 2: ~~_ < ~~ ~_ .r~ > ~z:i.. < ~~ ~_ .1~ > ~. ~_.7_
Basc Cas-c Pncc 52,989 52,989 S2,989

Reach Code Price S2,989 S2,80-~ S3,793

1-star}' Single Incremental Price SO (S18~) S80-M1
Famil)' PVS i?ncrg}' tiavings - ti„'~9 $1,028

B/C Ratio - '~.~, c t~~r~: 1.3

I,CC Savings SO 538 S23~3

Banc Casc Price S2,064 S2,0G4 S2,0G-}

Reach Cudc Price S2,OG=4 S1,93G S2,G19

2-sYur}' Single Incremental Price SO (S 128) S555

(~amil}' PV'S Fnci~~ tia~•ings $'If1 S'I,I)6(1

B/(: Ratio - :Vn (:rests 1')

I,CI; Saeings SO $fi38 ~7tli

Banc Case Price 52,812 S4,953 S2,812 S4,9~3 S2,812 S-},9~3

Reach Codc Price S1,48G 54,953 51,906 S-1,64i S1,787 SG,285

Lo~v-rise Incremental Price (51,326) SO (S906) (5306) (S1,025) S1,332

A[ultifamil}~ P~~S P:ncr~~}° tiavings S',9i9 $9,0 5 $l,i''1 59,.i6R $2,3:14

B/C Ratio '~i, t ~usts Vic, (:~~~t~ \~n (~~,st. ~ii~ t:osts I.R

LCC Savings S9,285 SO S9,9G1 ti1,3~~; $10,393 S1,0?Z

Banc Casc Price S5,G77 S5,G77 S5,G77

Reach Codc Price S3,001 S3,848 S3,G07

Iti~;h-rise Incremental Price (S2,G7G) (51,829) (52,070)

l~[ultifamil}' PV$ Fncrg}' tiavinks $3,91)5 S5;?(1? S5,_'ll~

BBC Ratio '.~io (:nsfs \r~ C~rsts 'Vo (~iist~

LCC Savings SG,582 S, (136 S~,_'?~

Rase Case Price SG,3G2 SG,3G2 S6,362

Reach Code Price SG,3G2 S8,158 S7,649

Medium Incremental Price SO S],796 S1,287

Officc PA'S Gn~rg)' tia~~in};s SZ,4'8 S3,303

R/C Ratio 1.-F ZG

L(:(; tiavin};s SO ~G82 S2,(!1~

Hasc Case Price S8,5G0 S8,5G0 S8,5G0

Reach Codc Price S8,5G0 S10,97G S10,291

Retail Ina mental Price $0 S2,417 S1,731

Standalc>n~ PVS l~ner~;~' tiavin};s 53,31)3 5~,95~

}~~~_ K1h0 - ~.'~ ~.~~

L(.(. Savings SO 5R8~ 53,224

Base Case Price S7,945 S7,9d5 S7,9-F5

Reach Code Price S7,9d5 510,188 59,552

Incremental Price SO S2,2~43 S1,G07
titrip Afall

PVC ~ncrg}' Savings S-1,851 $5,544

B/C Ratio 3-3 35

LCC Savin};s SO 52,GII.S $3,9i~
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Prepared for Pacific Gas &Electric Company by TRC Solutions

8.4.13 Climate Zone 13

ss,00a

5~,~

se,cpa

$5,00(7

sa,cu~

53,000

sz,aoo

si,000

s

PV of Energy Savings

II II ~ II
lstory 15tory loe:-rise Lovi riw High rise Medium Retail Strip Mali
Single Single Mulufamity Multifamily MultitamilY Office Standalone
Family Family (stzep (lour slope)

slope)

■Minimum Heacti Code ■ I~hR 1 ■TIER 2

Life Cycle Cost Savings

(> 0 =Cost Effective)

57,Q70

$6,000

55,aw

sa,aoa

Si.mo

52,W0

s~,000

so

sa,soo

54,pU0

53,50

53,0(N7

S2,SW

51.acu

si,wo

si.00a

s'~

5

11 11
1-smry 2-story Lov:-ose Low~nse High-rise Medium Reta;l 51ri0 Mall
Single Single Mule family Multifamily Multifamily Office 5[arda3one
Fanidy Family (,[eep ~lo~v dope)

sinpr~

■ Minimum Ready Code ■ iIER 1 ■ ~I'R 2

Life Cycle Cost Savings Averaged Across Prototytpes

(> 0 =Cost Effective)

■
Minimum Tier 1 ter 1

• Stzep slope ■Lon Slope

Recommendations

Steep-Slope Reach Code: YES

The sunulations show energy savings and
life cycle costs savings for all prototypes.
Therefore, the steep-slope Reach Code
should be pursued by jurisdictions in
Climate Zone 13.

The Tier 1 and Tier 2 Reach Code show
roughly equivalent cost effectiveness, on
average, but Tier 2 yields die most
energy savings. Tier 2 is recommended
to ma:cimize energy savings.

Low-Slope Reach Code: YES, ALL
EXCEPT HIGH-RISE
MULTIFAMILY

The simulations show energy savings and
life cycle cost savings for all prototypes
except the High-Rise Multifamily
prototype. Therefore, low-slope cool
roofs should be pursued for low-rise
multifamily and nonresidential buildings
by jurisdictions in Climate Zone 13.

For low-rise multifamily and
nonresidential buildings, The Tier 2
Reach Code is the most cost effective,
on average, and yields the most energy
savings. Tier 2 is recommended to
maximize energy savings.
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Prepared for Pacific Gas &Electric Company Uy TRC Solutions

I'r~,c~~n~pc
(:lim~re'I.~~nc 13
tltcsultc/Bld};.)

Minimum Rczch (:c,d~ '1'II~,12 1 TII?R Z

< ~:1~ > ?:12 < ~. ~ ~ < ~~ ~ ~; ~

Banc Casc Pricc S3,108 S3,I08 53,108

Itcach Code Pricc S3,108 S3,129 53,8 9

1-story Single Incremental Price SO S21 S742
f~a~nily PVS l:ncrg}~ Saeings 5!,055 S1,i$S

LCC Savings SO X1,035 5~3-4G

Bass Case Price S2,14G S2,1-}G S2,1-~6

Reach (:ode Price S2,14G S2,1 GO S2,G~8

2-story Single Incremental Price SO S14 S512
family P\'S [?ncr~n~ Savings S1,023 S1,5=~-4

B/C Ratio ,1.0 3.0

LCC Savings SO ,~+i1,009 S1,032

Banc Casc Price S2,812 S5,150 52,812 55,150 S2,812 S5,150

ReachCodcPricc S1,638 55,150 51,906 55,185 S1,7G6 SG,379

Low-rise Incremental Pxicc SO 50 (5906) S35 (S1,0~6) S1,229

~[ultifamil}' PVS F.ncrg~~ Savings - 51,33 51,9:11 S1,G8G 53,896

B/C Ratio No (:cists ~G.~ No (:o:t~ 2.4

1.LC tiavin};s SO SO S2,243 $ f ,91 G 52,'32 S 1,6G~

Base Case Price S5,G77 S5,G77 S5,G77

Itcach Code Price 53,307 S3,848 S3,5G5

High-rise Tncrcmcntal Price (S2,370) ($1,829) (S2,112)

AtultiEamil}' PA'S rncrk}~ tiaeings SO SO SO

H/C Ratio ~V<~ timing; No Savin~*s i~io Savings

LCC Savin};s "~2,3~U 51,$29 52,112

Banc Casc Price S7,013 S7,012 S7,012

Rcadi Code Price S7,012 S8,158 S7,5~8

1~[~dium Incremental Price SO 51,146 S5-tG
Officc PA'S l;ncrg~~ tia~~in};s 54,1?9 Si,'81

1~/C Katiu 3.G IO.G

I.CC tiavin};s SO 52,98 S'i,235

Rase Case Prig S9,~435 S9,435 S9,-135

Reach (:ode Prig S9,-135 510,976 S10,1G9

Retail Incremental Price $0 S1,5~}1 S735
Standalone P\'S l;necg~• tia~~ings 5~4,9i5 S~,^til

B/C Ratio i.~' '.~)

LCC Savings SO 53,-41-4 55,(~-kC,

Base Case Price S8,757 S8,757 S8,757

!teach Code Price S8,757 S]0,188 S9,-139

Incremental Price SO 51,431 $682
Strip Dial!

PVS I:nccgt~ Savings SS,A9~i S6,93t1

B/C Ratio ~F. i 10?

LCC tiavings SO 54,460 SG,24H
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8.4.14 Climate Zone 14
RecommendationsPV of Energy Savings

ytl,~~W Steep-Slope Reach Code: YES

s~o,000 The simulations show energy saysings and
life cycle costs savings for all prototypes.

$8~0°° Therefore, the steep-slope Reach Code
should be pursued b}~ jurisdictions inss,000
Climate Zone 14.

S4'°°°
The Tier 1 and Tier 2 Reach Code show
roughly equivalent cost effectiveness, on5zro~
average, but Tier 2 yields the most

~~ ~~ ''s energy savings. Tier 2 is recommended
1-story 2-story Low-rise Low-nse High-rise Medium Retail Sirip Mall
Single Single Multifamily Multifamily Multifamily Otfice Standalone t0 1111Y111117,e eT12YgY S2V1I1gS.

Family family Is[eep (low slope)

~~ce~ Low-Slope Reach Code: YES
■ Minimum Reach Cale ■ TIFR 1 ■ 1lEft 2

The simulations sho`v energy savings and
life cycle cost savings for all prototypes.

Life Cycle Cost Savings
Therefore, lo~v-slope cool roofs should

(> 0 =Cost Effective)
be pursued by jurisdictions in Climate$~~
Zone 14.sis,000

5i~~0°° The Tier 1 Reach Code is the most cost
s14,°°° effective, on average, while Tier 2 yields
$12'°°"

the most energy savings. Tier 2 is
sio,oao

recommended to maximize energy
sa,000
sb,~ savings.

sz,000 I■■ ■■ " ~~■

1 sorry 2~story Lov+rise Low nse High rise Medium Retail Suit ~+ia{I
Single Single Muhi Family Muhifamily Multifamily Offiw Standalone
Family Family (Aeep (low slope)

siopr)

• Minimum Reads Code ■ flfR 7 ■Ili-N 7

Life Cycle Cost Savings Averaged Across Prototyipes

(> 0 =Cost Effective)

Sin,oW

5 tz,oao

5 io,iwo

Sa,aw

56,(X70

$4, D~0

$2,0(70 ■ ■. ■'

5-
Minimum Fier 1 Tier 2

■ Steep :Dope ■ Lov: Slope
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Prertut}'pe
(;limate %une 1-~
rResuitsj Bld <~ k~}

lfiniinuin Reach Code '1'II:R 1 '1'IL•`R 2

<_ 2:12 ~ ~> _:1~ < 7• .12 > ~; ~1~. < ~; ~_ 1~ > ?, ~1_

Rase (:asc Pricc S3,3G2 S3,362 53,362

Reach Code Price S3,3G2 52,905 53,396

1-star}' Single lacremcntal Priec SO (S-~~7} S33

I~a~nily PA'S I;ncr~n~ Savings S'18 St,Oi'

B/(: Ratio ~i~ (:o;ts 3't.G

LCC Savings SO S1,1?:i S1,b24

Banc Case Price S2,321 S2,321 S2,321

Reach C~~dc Price S2,321 S2,006 S2,345

3-story Single 1~lcrcmental Price SO (S31G) S23

Family PV'S [:ncr~n~ Savings - S'~2 51,13u

B/C Ratiu ~~~ ('casts X5.9

LCC Savings SO S1,t1G8 51,t(1~

Base Case Price S3,3G2 S5,571 53,362 S5,571 S3,3G2 S5,571

Itcach Codc Price S4,058 S5,571 52,339 S-1,81# S-1,063 55,627

Low-rise Incremental Price S69G SO (S1,033) (S7~7) S701 S55

Afultifamilp PVS l;ncr~,~}~ tiavinks ~~,3Uh S8,333 S1,-13~ S8,>9 5'_,191

B/C Ratio 105 ~i<, (:c,sts ~ci C<~sts 1?3 395

I,C(: Saeings $6,612 SO S9,3:i5 5,24-} S',89G S2,13G

Hasc Case Price SG,787 SG,787 SG,787

Reach Codc Price 58,193 S4,721 S8,202

I1i~;h-rise incrcmcntalPricc S1,40G (S2,OGG) S1,-}15

l~[ultifamily PV5 F,ncrg}' Savings $3,GQ4 S2,G04 $2,60-~

B/C Ratio l9 ~;c~ C~~sts 1.$

LCC Savings Sl,l~)' S=4,669 51,138

Rase Case Price S17,371 S97,371 S17,371

Reach Codc Price $17,371 S10,011 517,391

Al~dium Incremental Price SO (S7,361) S19

Officc PA'S l;ncrg~' Sa~~in};s 5-x,129 S-x,955

R/C Ratio tics (:casts 256.8

L(;C 5avin};s FO X11,-~9U ~-},936

Rase Case Price S23,372 S23,372 S23,372

Reach Code Price. S23,372 S13,~4G9 523,398

Retail [ncrcm~ntal Price SO (59,904) 526

Standalone PVS Encrg~~ Savings $8,29 $4,910

R/C Ratio ~n (:c,sts 381.8

LCC Savings SO S 9 8,1 G? X9,88-#

Base Case Price S21,694 531,694 S21,69~F

Reach Codc Price S21,69-4 S13,501 521,718

Incremental Price 50 ($9,193) S2-F
Strip mall

PVS Bncrg~• Savings SG,'33t1 SS,G63

B/C Ratio tiu (:<~sts 39.5

LCC Savings SO 516,733 S8,G38
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8.4.15 Climate Zone 15

RecommendarionsPv of Energy savings

sw,00~ Steep-Slope Reach Code: YES

$14,°0° The simulations show energy savings and
s~z,~ life rycle cost savings for all prototypes.
s~o,000 Therefore, the steep-slope Reach Code

should be pursued by jurisdictions in5a~

Climate Zone 15.
56,(YHI

The Tier 1 and Tier 2 Reach Code show
$4,~o roughly equivalent cost effectiveness, on

sZos '' ~' ''
average, but Tier ., yields the most

~~~ energy savings. Ti r 2 is recommended
l~s[ory 2-story low-rise lov~~risr High~ris0 Medium Retail Strip Mail
Singe Single Multifamily Multifamily Multifamily Office StanJabne to ma.Yimize the enerO~V S2Vi11p S.a! b
Family Family (steep (Irnv slope)

~~~~ Low-Slope Reach Code: YES, FOR
■ Minimum Ready Cude .T~~n ~ .T~=z z LOW-RISE MULTIFAMILY AND

NONRESIDENTIAL BUILDINGS,
rife cycle Cost Savings AND TIER 1 FOR HIGH-RISE
(> o =Cost Effective) MULTIFAMILY BUILDINGS

ss,oao
The simulations show energy savings and

szu.000 life cycle cost savings for all Low-R.ise
Multifamily and nonresidentials~s,000
prototypes. The High-Rise Multifamily

s~o,~~ prototype shows energy savings from all
Reach Code levels, but only shows lifes5,o~°
cycle cost savings from the Tier 1 Reach

s~ ~~ ~~ '' '~ '- Code. Therefore, low-slope cool roofs
should be pursued for low-rise

~SS'0̀ ~' Highti;e Medium Retail Strip Mall multifamil nonresidential buildin s by g yt story 1 story Luwrise to~u~ise
Single Single MullihmilyMul[ifamilyMul;ifamily Office Standalune urisdietions in Climate Zone 15, andFamiEy Family (steep (loiv sicpe)

~+~~~ Tier 1 cool roofs for high-rise
■Minimum Reach Code .,~EH~ ■TIER2 multifamily buildings. (Please note that

jurisdictions should consider Tier 2,
Life Cycle Cost Savings Averaged Across Prototytpes because as cool roofs get more prevalent,

(> 0 =Cost Effective) their prices will drop in the long term
s~a,000 and may become cost effective).

51.0°° For low-rise multifamily and
s~o,a~o nonresidential buildings, the Tier 2

Reach Code is the most cost effective,sa,cxx~
on average, and yields the most energy

s6,000 savings.
sa.ono

51,mo

5-

srz,000i
Minimum Tier 1 Tier 2

■ Steep slope ■Loci SIoPe
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I'r~~tutt-pc
ClimaCc %une "l'i
;RcsultsiI~ld *.k)

l~finunum Rcach (;uc~c '1'II~;K 1 '1'II?l~ 2

< ~_ 2:1. > ~• 7i~ <?~ ~_ .1_ > 2:1? < 2: ~_ t~ i_> ?; ~

Basc (:a.c Pricc S3,362 S3,362 S3,362

Rcach Code Pricc S3,3G2 S2,905 53,396

1-stor}- Single Incremental Price SO (S-~57) S33

Family PVS Encr~~ Savings - 5l,~tiD S2,53G

B/C Ratiu ~- Ncr (:~~sts '•i.8

LCC Savings SO S2,23' S~ 502

Base (:ase Price S2,321 52,321 S2,321

Reach (:ode Pcicc S2,321 S2,OOG S2,345

2-stor}> Single Incremental Price SO (S31 G) S23

family PA'S I?ncr~,n° Savings - S1,'iG9 52;2G3

B/(: Ratio i~i~a CasCs 9?.9

LCC Savings SO 51,831 52,2-~11

Base Case Price S3,3G2 S5,571 S3,3G2 S5,571 S3,3G2 S5,571

Reach (:ode Price S4,058 S5,571 52,339 S4,814 S4,OG3 55,627

Lo~v-rise Incremental Price 5696 SO (51,023) (57 7) S701 S»

l~[ultiEamil}' PVS FncrgJ° tiavings- - S2;2~6 53,1 13 S2,'-~i S-3,539

B/C Ratio - ~~i <:~i.ts ~~, C~~~t, 3.') 8t.8

I,CC tiavings SO SO $3,299 Si,8-~! S?,0-1~ 5-~,-}8=t

Base Case Price SG,787 $6,787 SG,787

Reach Codc Price S8,193 54,721 S8,202

Ili~;h-rise Incremental Price S1,40G (52,066) S1,-F15

n(ultifamil}' PVS L:ncrg}'tiacings ,~+1,3U2 SI,303 St,i112

B/C Ratio 0 ~) ~~i Costs U.9

I.CC Savings (S10~} S3,3G, (SI13j

liasc Case Price S17,37] 517,371 S17,371

Reach Codc Pcicc S17,371 S10,011 S17,391

A[cdium Incremental Price SO ($7,361) S19

Officc PA'S l;ncrg~~ tiavin};s S-x,955 S'~,~til

B/C Ratio ~"n ('e,stti 2926

LCC Sa~~in};s SO $1?,31G S>,~G?

liasc Case Price S23,37? 523,372 S23,372

Itcach Code Pcicc S23,372 S13,4G9 S23,398

Retail Incremental Price SO ($9,904) S26

Standalone PA'S ~ncrg~~ Savin};s 511,56? $14,HGG

H/C Ratio ~~~ t:cist: ~72.G

LCL tiavings SO $?1,466 S1-F,H-~U

Base Case Price S21,G94 S21,G94 521,694

Reach Code Price S21,G9=F S12,501 S21,718

Incremental Price SO (59,193) S3-4
Strip mall

PVS L;nccg}' Savings - S~),009 $11,435

B/C Ratin '~u (:osts 4'-4.5

LCC Savings SO $18,2Q2 $ll,dll)
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8.4.16 Climate Zone 16
RecommendationsPV of Energy Savings

s9~~ Steep-Slope Reach Code: YES, FOR
s~.~~~ LOW-RISE MULTIFAMILY
s~,o«~ BUILDINGS
$6.000

The simulations show low or negative
ss,aoo

energy savings, and some positive lifeSq ~

rycle costs for the single familys3,000
prototypes. However, the Low-R.ise

sz,000
Multifamily prototype shows energy

si,aoo '''
savings and life cycle cost savings for all

5 —~ levels of the Reach Code. Therefore, the
sc~,~~>>

1-story 2-story Lo•.v~dse Lovr rise High~nse Medium Retail st~P h,,n steep-slope Reach Code should be
Single Single MWtifamilyMultifamilyMultifamily Office Standalone

}~ ursued for low-rise multifamilpFamily Fami1V (heeU (love slopes

~'~~~
C J

buildings by jurisdictions in Climate
■ tvtinnnum Reads Corse. ■ ~IFR ] ■ I ItR I Zone 16.

For low-rise multifamily buildings, the
fife cycle cost savings

Tier 1 Reach Code is the most cost
(> 0 =Cost Effective)

effective, on average, while Tier 2 yields
514,(HJO

the most energy savings. Tier 2 is
S 12,OIXT

recommended to maxirnize the energy
sio,000 savings.
SB,ODO

Low-Slope Reach Code: YES
$6,000

$,,~,,, The simulations show energy savings and
life cycle cost savings for all prototypes.$z ~~ ' I '

■~ Therefore, low-slope cool roofs shouldso --~ 

_

~ be pursued by jurisdictions in Climate
sz,000

Zone 16.1 story 2 story Lo•.•~ rise Loc+ ri,c Hightise Medium Re[oil Strip Mall
Single Sinpfe Multifamily Multifamily Maitifamily Office Standalone
F~~„~iy Fd~„~iY iSttEu u~~'r~~Pe~ The Tier 1 Reach Code is the most cost~a~~

effective, on average, while Tier 2 yields
■ Minimum Reach C ede ■ I IFR 1 ■ I ihN 1

the most energy savings. Tier 2 is
recommended to maximize the energy

Life Cycle Cost Savings Averaged Across Prototytpes

(> 0 =Cost Effective)
savings.

$9,000

$8,00()

$ 7,000

$G,000

5s,aw

54,E

$3,000

52,(x70

Sl,000 -. _

5(1,Ooo~

Minimum Tierl Tier2

■Steep Jopc ■law Slope
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Prnrnn•pc
(;limatclonc 1 G
(Rc;ults; Bldg.)

A[inimiun Rcach :ode 'I'lI :R I '1'II?R 2

< ?:12 > ?:12 < ~• I Z > ?:12 < 2:l 2 > 2:1?

Hasc (:asc Pricc S2,961 S2,961 S2,9G1

Reach Cudc Price S3,009 S2,909 S3,803

1-st~~rJ-Singlc Incremental Price S47 (S52) S8-}2
f~u~uily PVS Encrg~~ Savings 525 {~151j ($233}

B/C Ratiu 0.~ i~ri Savin~n No tiavinKs

LCC Swings (S22) (S98) (S1,07-~)

Banc Case Price S2,045 S2,045 52,0-~5

Reaeh (:e~de Price S2,077 S2,009 S2,G2G

2-story Single lncrcmcntal Price S33 (S36) S581
Family PVS I?ncr~,~}~Savings SISG 52116 $2-~~

B/C Ratio -1.8 ~;~~ C~~~t~ 0.4

LCC Savings 5124 S~~? (S33Gj

Rase Casc Price S2,977 S4,907 52,977 S4,907 52,977 S4,907

Itcach Codc Price S2,905 54,986 S2,050 54,821 S2,507 SG,302

Low-rise Incremental Price ($72) S78 ($927) (S 87) (S-}G9) 51,395
i~tultiEamilp PVS I?ncrg}'tiavings $3,333 SGG2 S3,G48 S1,33~ 53,,33 S1,b50

B/C Ratio '.~~, ('osts 8.5 ~i~, Cc,sts ~<~ Cosr, Ac. r :n,ts 1.2

LCC Swings 53; 455 !±~84 54,5 5 51.4?3 S },_'ll3 5 ):ii

Base Case Price SG,009 SG,009 SG,009

Reach Code Price S5,8G=~ 54,139 S5,0G2

Iligh-rise Incccmcntal Price (S145) (S1,871) (59 8)

Afultifamil}~ PVS I;ncrK}'Savings ~a3,90i 53,905 S3,9Ui

B/L Ratio 'Vo ('cysts ~o Gusts '~u (:~~st~

LCC ti~vin};s 5-~,t~ 11 55,~'G $x,853

l~asc Casc Price S12,434 S12,434 S12,~13~}

Rcacl~ Code Price S]2,-F34 S8,77G S10,732

Alcclium Incrcm~ntal Price SO (S3,658) ($1,70?)
C)fficc PVS I~ncr~;l' Sa~~in};s S?,-~£S 53,3[13

B/C Ratio ~<~ (:osEs do (:rests

LCC Savings SO SG,136 Si,(105

Base Case Price S1G,729 S16,729 S1G,729

Reach Code Price S1G,729 511,807 S1-F,439

Retail Incz~m~ntal Price SO ($4,922) (52,290)
titandalonc PVS L;ncrg~~ Savings 5,433 S;S;2~l

B/C Ratio A~i t:c,sts do (:~,sts

1.C(; Savings SO SI',35i ti111 5.48

Banc Case Price S 15,528 S 15,528 S15,528

Kcach Code Prig S 15,528 S10,959 S13,~402

Increincntal Pcicc SO ($4,569) ($2,135)
Strip mall

PVS Enccg~~ Savings $G,5~k{ 5~,9~'0

B/C Ratio ~u C:ost~ ?~„ c:osts

LCC Savings SO X11,152 510,095
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