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1.1.   EXECUTIVE SUMMARYEXECUTIVE SUMMARY
Pacific Gas and ElectricÕs (PG&EÕs) overall evaluation goal was to document the peak period
demand impacts of the Òcool roofÓ technology installed under the City of San JoseÕs 2001
Cool Roof Incentive Program (Cool Roof Program). There were also three other smaller goals
for this study:

1. Review previous Cool Roofs M&E methods and identify the ÒbestÓ method to
use for this evaluation.

2. Determine the Cool Roof Program cost effectiveness.

3. Assess the reasons for non-participation in the Cool Roof Program.

The study used literature review, onsite audits, and telephone surveys to meet the needs of
the evaluation.

Based on the review of the M&E literature available, the approach originally proposed was
selected as viable, cost effective, and best suited to meet the needs of this particular
evaluation. This approach identified the peak impacts shown in Exhibit 1.1 and Exhibit 1.2.

Exhibit 1.1
Program Impacts

Exhibit 1.1 presents the average demand impact for all hours during the summer peak period
and the maximum peak period demand impact that occurred during the summer peak period.

Exhibit 1.2 shows the average demand impact for each peak period hour. Only 16 of the 23
buildings in the program installed their cool roofs prior to the end of the summer peak period
(October 31, 2001). Therefore, Exhibit 1.2 provides, on an hourly basis, (1) the estimated
2001 demand impact for the 16 buildings with cool roofs installed by 10/31/01, (2) the
projected typical year (WYEC2) demand impact 16 buildings that were installed prior to
10/31/01, and (3) the projected typical year (WYEC2) estimates of demand impact for all 23
buildings.

In Exhibit 1.2 the difference between the Ò2001Ó and the Ò16 Bldg WYEC2Ó lines illustrates
that the summer of 2001 was cooler that typical summers. The difference between Ò16 Bldg
WYEC2Ó and ÒÓ23 Bldg WYEC2Ó shows the difference between completing 16 and 23 cool
roof with typical year weather.

Both exhibits illustrate that future years may see as much as twice the load impacts seen in
2001.
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Exhibit 1.2
Average Program Impacts by Peak
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The net-present value of the energy and demand savings over an assumed 10 year effective
useful life of the roof was $917,225.

The program appears to have been successful for those it reached. Thirteen out of fifteen
respondents stated that they would install another cool roof. The remaining two would install
a cool roof again under the right conditions.

In general, nonparticipants did not have the opportunity, for various reasons, to install a cool
roof during the period that the program was offered. They appeared to have the knowledge
necessary to promote the program but, as a group, may have lacked motivation to try to sell
the program because it represented a small portion of their potential business.
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2.2.   INTRODUCTION INTRODUCTION AND REVIEW OF ISSUESAND REVIEW OF ISSUES

2.1 Introduction
Pacific Gas and ElectricÕs (PG&EÕs) overall evaluation goal was to document the peak period
demand impacts of the Òcool roofÓ technology installed under the City of San JoseÕs 2001
Cool Roof Incentive Program (Cool Roof Program). There were also three other smaller goals
for this study:

1. Determine what the previous M&E methods used to measure Cool Roofs were
and what the ÒbestÓ method to use would be.

2. Determine the cost effectiveness of the Program.

3. Determine why some people did not participate in the Program.

This report provides the evaluation methodology and data sources data sources used to
determine peak period demand impacts and gives the impact results. It also provides part of
the inputs required to determine cost effectiveness and discusses nonparticipation issues.

2.2 Study Issues
Prior to the beginning of the evaluation, the Equipoise/PositivEnergy Team had identified the
following issues pertaining to the evaluation of the Cool Roofs Program:

• The building population was very heterogeneous, which leads to the evaluation being
unable to extrapolate results within a well-defined stratum. This was handled by auditing
every building within this relatively small program.

• The current atmosphere of caution concerning potential terrorist attacks meant that the
inspection team needed to provide credible proof of legitimacy. In order to allay fears
during the time of our audits (late October and early November, 2001), the
Equipoise/PositivEnergy Team made appointments ahead of time and wore official PG&E
contractor badges. There were no problems accessing the roofs because of this issue.

The next section provides the data sources and methodology used in the evaluation.
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3.3.   METHODOLOGYMETHODOLOGY
This section provides an overview of the evaluation methods used for the Summer Demand
Reduction San Jose Cool Roofs Study.

3.1 Data Sources

3.1.1 Existing
Prior to beginning the program, San Jose had estimated a saving of 540 kW from 1.8 million
square feet of installed Cool Roofs. In order to track the installations, the City of San Jose
maintained a database of information on each of the buildings in the Program. There were 34
records in the database, of which 23 had roofs installed. The different types of buildings as
represented in the database, are shown in Exhibit 3.1.

Exhibit 3.1
Square Foot of Cool Roofs Installed by Building Type

Those owners/managers within the database that did not end up installing a Cool Roof were
used for the telephone survey of nonparticipating owners. A listing of 54 qualified roofing
contractors was obtained from the San Jose web site. This contact information was used for
the telephone survey of nonparticipating contractors.

3.1.2 Collected Data
Weather data was obtained from the PG&E meteorologists for 2001 actual temperature, wind
speed, and insolation data. Temperatures were from Cupertino while wind speed and
insolation were from Alviso. An ASCII format of the Weather Year for Energy Calculations
(WYEC2) file for California Climate Zone 4 were obtained from Jeff Hirsch.

Onsite audits were performed at all sites included in the Program. Data regarding the
composition and layout of the roof, hours of operation of the heating, ventilating, and air
conditioning (HVAC) systems, and HVAC unit model numbers were collected at these
audits. Additionally, the owners or managers were queried about their perceptions of the
Cool Roof. (See Appendix B for the audit form).

Building Type
N  

Records
Sq Ft 

Installed
Cold-storage 1 3,464
Industrial 2 164,405
Multi-family 1 11,348
Office 13 268,249
Other 1 15,538
Retail 4 145,378
School 1 50,423
Total 23 658,805



Draft Report for Summer Demand Reduction San Jose Cool Roofs Study

Page 3-2 Equipoise Consulting Incorporated

As detailed in Section 3.2.2, Energy efficiency values (SEER and/or EER) were sought for
each of the 224 HVAC units found during the onsite audits.

3.2 Analysis Approach
As discussed in the introduction, there are four different questions addressed by this study.

1. What previous measurement and evaluation (M&E) methods were used to
measure Cool Roofs and what may be the ÒbestÓ method to use for this project?

2. What are the summer peak demand impacts of the Cool Roof Program?

3. How cost effective is the Program?

4. Why did some people not participate in the Program?

Different approaches were used to determine the answers to each question. Each approach is
presented next.

3.2.1 Previous M&E Methods
As the first task in this project, the Equipoise/PositivEnergy Team conducted a literature and
Internet search to identify the various M&E methods already used or currently in use for
Cool Roofs as an energy efficient measure. Each method was reviewed, summarized, and a
final recommendation made concerning the most appropriate method to use for this particular
evaluation. The complete memo, including the bibliography, covering this summary is
included as Appendix A. The main points from the memo are provided next.

Overall, the majority of the references examined either covered a small number of buildings
using extensive data collection or used a building modeling approach (DOE2 modeling) to
estimate savings in a large metropolitan area. These approaches are either very cost intensive
(in the case of building monitoring) or not very accurate (in the case of DOE2 modeling). The
one large program evaluation plan reviewed (for the CEC AB970 Peak Load Reduction
Program) uses a simplified approach that multiplies insulation-dependent deemed savings
values by the retrofitted roof area. Albedo information is also collected, but solely for
subjective assessment. There was no supporting documentation or peer-reviewed papers
found that detailed how these deemed savings multipliers were derived. It is believed that
they were derived by Lawrence Berkeley National Laboratory by making a series of standard
DOE-2 runs, then regressing the data results as a function of insulation levels. Unfortunately,
insulation level is not the sole indicator of energy savings when applying cool roofing, so the
premise of these equations seems overly simplistic.

The literature review also covered review of a proposal to use remote sensing (aerial) thermal
imaging to assess the albedos of the roofs in the program. It is more accurate to simply
measure the albedo of the roof during the visit. Remote measurement would add unnecessary
uncertainty to the albedo measurement and would add substantial cost to the project. This
having been said, remote sensing could have its place in tracking the average change of rooftop
albedo over time for a particular city or county. In that application it allows measurement of
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the approximate albedos for a large number of roofs at one time without requiring owner
contact. It could supply a good visual feel for the program success toward transforming the
roofing industry in an area. This, however, is not the objective of this evaluation.

Based on the review of the M&E literature available, it was recommended that the approach
originally presented by the Team was viable, cost effective, and best met the needs of this
particular evaluation. The recommendation was accepted by PG&E. This approach is
presented next.

3.2.2 Engineering Analysis of Impacts
The Equipoise/PositivEnergy Team used a straight engineering approach to determine kW
impacts from the installation of Cool Roofs in San Jose. This approach assumed that the
entire heat load from the roof into the building was seen by the HVAC system. A flow
diagram of the overall analysis approach is presented Exhibit 3.2.

Exhibit 3.2
Overall Analysis Approach

San Jose 
Weather Data 

(Hourly)

Engineering
Algorithm #1

Hourly Roof 
Temperature 

(with and without
Cool Roof)Building Roof

Construction
Engineering

Algorithm #2

Heat Load
to Building 

(with and without
Cool Roof)

HVAC System
Characteristics

Engineering
Algorithm #3

Peak kW Impacts
due to Cool Roof

Rooftop 
HVAC Duct 

Characteristics

Specifically, this approach determined the temperature on the roof from established
correlations using air temperature and insolation data, as well as the rooftop reflectivity and
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emissivity. This weather data was collected for the period of analysis (i.e., May 1, 2001 to
October 31, 2001) for San Jose. Additionally, weather year for energy calculations (WYEC2)
data was used to assess potential impacts in a ÒtypicalÓ year.1

Two different algorithms for calculating roof surface temperature were evaluated:

1) a theoretical determination of surface temperature based on actual heat transfer
equations on the surface, and

2) a regression analysis of surface temperatures and weather characteristics derived from
actual data collected on 3 or 4 building rooftops.

Based upon this analysis, the theoretical determination of surface temperature was judged to
provide more accurate surface roof temperatures. Full justification of this decision is provided
in Appendix C. The theoretical algorithm is shown in Exhibit 3.3.

Exhibit 3.3
Roof Temperature Determination – Theoretical Algorithm

Ts = To + [(1- αs) Is - σb εs δR] / ho

Where:

Ts = roof surface temperature
To = outside air temperature
αs = roof surface solar reflectivity
Is = solar radiation onto roof surface
σb = Stefan-Boltzmann constant
εs = roof surface emissivity
δR = radiative temperature difference from roof surface to sky

= To
4 + (To

 - ΔTd)
4

ΔTd = sky temperature depression, assumed to be 16¡C
ho = sum of convective & radiative coefficients = ha + hr

ha = convection coefficient = 0.5 + 0.3 Ws (in Btu/hr/ft2/F)
Ws = wind speed in miles per hour
hr = radiative coefficient = σb εs (To + Ts) (To

2 + Ts
2)

Data collected from the roof onsite audit was used to determine the roofing assembly
construction and insulation levels. An algorithm incorporating the properties of each material
was used to compute the steady state, one-dimensional heat transfer through the roof
assembly to the conditioned space. This algorithm included changes in radiation, convection,
and conduction heat transfer due to the large roof surface temperature reductions of cool
roofing. The effectiveness of using this type of algorithm has been shown to be much more

                                                
1 WYEC data is prepared so that the means values of the temperature and insolation values for each month are the

same as the long-term means for those parameters.
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accurate than standard DOE-2 analysis in predicting overall energy use and peak loads.2 The
output of this heat load algorithm was hourly estimates of the heat transferred into the
conditioned space, both with and without the cool roof. The algorithm takes the form of a
series of heat transfer equations that were solved simultaneously as illustrated in Exhibit 3.4.

Exhibit 3.4
Hourly Load Heat Algorithm

ceiling

roof

To

Ts

T1

T2

Tc
Ti

Tp

Qr

Qc

Q1pQp2 Q12

Qci
Qi

Qr = Q12 + Q1p

Qc = Qp2 + Q12

Qc = Qi + Qci

Qr = (Ts Ð T1) / Rroof

Q12 = σb (T14 Ð T24) / (T1/ε1 + T2/ε2 Ð1)

Q1p = (T1 Ð Tp) / hp

Qp2 = (Tp Ð T2) / hp

Qc = (T2 Ð Tc) / Rceiling

Qi = (Tc Ð Ti) / hi

Qci = b (Tc4 Ð Ti4) / (Tc/εc + Ti/εi Ð1)

and assuming:

Tp = (T1 + T2) / 2

and where the following values can be derived or calculated from observed data:

Rroof = roof assembly R value

Rceiling = ceiling assembly R-value

hp = plenum heat transfer coefficient

hi = indoor air heat transfer coefficient

                                                
2 Gartland, Konopacki & Akbari, "Modeling the Effects of Reflective Roofing", 1996 ACEEE Summer Study on

Energy Efficiency in Buildings, August 1996.
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ε1 = surface 1 emissivity

ε2 = surface 2 emissivity

εc = ceiling emissivity

εi = indoor surfaces emissivity

There were 11 equations and 11 unknowns (Qr, Q12, Q1p, Qc, Qp2, Qi, Qci, T1, T2, Tp,
and Tc) in the above series of equations. Since these equations are non-linear due to the
radiation terms, they were most easily solved using an iterative process. The final result to be
found from these equations was the total heat load to the indoor space (in Btu), or

Qtotal = Qi + Qci + Qduct

The Qduct term is for the rooftops with significant amounts of ducts that supply cooling air
to the building from package units located on the roof, if these ducts are coated during the
roof coating process. The ducting found during this study did not warrant additional analysis
and the Qduct term was set to zero in all cases.

By using the weather information from pre- and post-retrofit periods, this approach allowed
a clean estimate of the change in heat load into the building from the cool roof retrofit.
Information collected during onsite audit of the HVAC system were used to apply an energy
efficiency ratio (EER) that converted the calculated change in heat load (in Btu) into a demand
impact (in kW) as shown in Exhibit 3.5.

Exhibit 3.5
Demand Impact Algorithm

( )

1,000*6
EER

 Btu- Btu

  kWPeak 

6

1h rconditioneair 

hroof, coolpost hroof, cool pre

impact

�
==

Where:     h = average Btu for peak hour, noon to 6 PM

During the onsite audits, a total of 224 HVAC units were found on the cool roof buildings.
Energy efficiency values (SEER and/or EER) were sought for each unit. Sources used to find
efficiency values were the ARI Unitary Directory (August 1, 1996 to January 31, 1997), the
2001 ARI Directory of HVAC equipment, the California Energy Commission Database of
Appliances that can be sold in California, and searches on the Internet of various
manufacturers. In three cases, the manufacturer was provided a listing of model numbers that
Equipoise had been unable to locate and directly requested to provide SEER or EER values.

However, there were units where the models numbers rubbed off, painted over, or were
difficult to read. This lead to model numbers that could not be found. Manufacturers did not
always recognize the model number provided. In a few cases, the model number was so old
that there was no known SEER or EER on record. In the cases where the manufacturer could
identify year of the model, but no efficiency value was known, an Internet site that provided
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an estimated SEER based on the age of the unit was used (http://www.hvacopcost.com). The
SEER values on this site were similar to those indicated by the Federal Department of Energy
site (http://www.eia.doe.gov/emeu/consumptionbriefs/recs/actrends/recs_ac_trends.html). In a
few cases, where a single HVAC unit efficiency value was missing from a building, the
average SEER or EER within the building was used for the missing unit.

Efficiency values were determined using this approach for 163 units. (90 SEER values and 73
EER values). An average efficiency value of 8.92 was applied to the remaining 61 units.

Units that are 5 tons and under have a SEER rating (seasonal energy efficiency ratio) while
units over 5 tons have a simple EER rating. These two values were determined using different
federal testing procedures. However, for purposes of the analysis, all the SEER values needed
to be changed to EER values. With the available information, there was no way to calculate
this directly. Therefore, data from the CEC database was used to empirically move from one
to the other. The central air conditioner table in this database had slightly over 18,000 records
that had both an EER and a SEER. A simple ratio of one to the other provided the average
ratio to move from a SEER to an EER (SEER / 1.114 = EER). This ratio was applied to all
SEER values to determine an average EER by building. The average EER applied by building
are shown in Exhibit 3.6. The one outlier in the group (Building 8) is based on the EER of the
compressor  motor only, as this cooling system is neither a packaged unit nor a chiller. It is
acknowledged that this EER is high for the system as a whole, but any reduction would be
arbitrary. The estimated impact on this system is considered conservative.
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Exhibit 3.6
Average EER by Building

This analysis approach allowed estimation of the maximum peak impact, as well as average
impacts for each hour of the peak period.

3.2.3 Cost Effectiveness Analysis
The cost effectiveness of the Pilot program was determined by assessing the life cycle savings
for the pre-determined Òpeak periodÓ (i.e., May 31 to October 31 and noon to 6 PM). The
analysis approach provided hourly kW savings that were simply summed to provide a kWh
savings for the period in which the roof was installed that intersected the Òpeak periodÓ. The
first year of savings was used for 2001 with WYEC2 values used for subsequent years. The
avoided costs used in the calculation are shown in Exhibit 3.7.
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Exhibit 3.7
Avoided Costs

Rates ($)
kWh On-
Peak [1]

kW On-
Peak

2001 0.74000 11.92
2002 0.74000 12.01
2003 0.29000 12.12
2004 0.28000 12.24
2005 0.28000 12.34
2006 0.25000 12.46
2007 0.26000 12.57
2008 0.27000 12.67
2009 0.28000 12.90
2010 0.29000 13.13
2011 0.25000 13.43

Year

[1] Summer On-Peak $/kWh includes on-peak multipliers required for the Program Year 2001 Funding Applications.

Values are from CPUC's Ruling of October 25, 2000 that was adopted in D. 01-01-060

Life cycle estimates used the Effective Useful Life (EUL) of 10 years, since the typical
nonresidential roof in California is replaced every 13 years. The life cycle cost estimations
used the same calculation methodology and economic inflation and discount rates used in
previous filings3. A discount rate of 5% was used in the analysis. Any further computation
of cost effectiveness will be done by PG&E, because they have access to program costs and
know what cost elements should be included or excluded.

3.2.4 Reasons for Nonparticipation
A small part of the evaluation assessed whether any program design, technical, or
administration issues adversely impacted the Program. This was done by obtaining contact
data from the City of San Jose on customers and roofing contractors who initially expressed
interest in the program, but did not install a cool roof under the City of San Jose program.
These customers were telephoned and asked a few questions to determine why they did not
go ahead with any retrofit. In addition, during the participant onsite audits, a few questions
were asked of the contact person to determine why the decision was made to install the cool
roof and whether there were program elements that they would like to see changed. The
responses from both participants and nonparticipants were analyzed to provide possible
reasons for nonparticipation. The survey form is located in Appendix B.

                                                
3 The discount rate was chosen to be consistent with the ALJ Bytof ruling, dated October 25, 2000, in
Application (A.) 99-09-049, et. al. The inflation rate of 3% was used to develop the discount rate. The
following specific values were identified as appropriate for these calculations: (1) The inflation rate that should
be used is 3%, (2) The discount rate, if inflation is included, should be 8.15%, (3) The discount rate, if
inflation is not included, should be 5%. This derived as follows: Real Discount rate = (1+nominal discount
rate) / (1+nominal inflation rate) = (1+0.0815)/(1+0.03) = 1.05.
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4.4.   RESULTS RESULTS AND RECOMMENDAAND RECOMMENDATIONSTIONS
This section discusses the results of the impact analysis and recommendations from the
study.

4.1 Program Impacts
The analysis provided impacts due to the installation of the Cool Roof for both 2001 and a
Òtypical yearÓ (using the WYEC2 data). Exhibit 4.1 shows the results by building. The install
date is provided to show why certain sites have zero impacts for 2001 (i.e., they were
installed past the peak period).
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Exhibit 4.1
Program Impacts by Building

Exhibit 4.2 provides, on an hourly basis, (1) the estimated 2001 demand impact for the 16
buildings with cool roofs installed by 10/31/01 (2001), (2) the projected typical year
(WYEC2) demand impact for the 16 buildings that were installed prior to 10/31/01, and (3)
the projected typical year (WYEC2) estimates of demand impact for all 23 buildings. The
difference between the Ò2001Ó and the Ò16 Bldg WYEC2Ó lines illustrates that the summer of
2001 was cooler than typical summers. The difference between Ò16 Bldg WYEC2Ó and ÒÓ23
Bldg WYEC2Ó shows the difference between completing 16 and 23 cool roofs.
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Exhibit 4.2
Total Program Savings by Hour
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Exhibit 4.3 presents the average per building impacts for Ò2001Ó, Ò16 Bldg WYEC2Ó and Ò23
Bldg WYEC2Ó. As it shows, when all buildings are included in a typical year average, the per
building average decreases slightly.
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Exhibit 4.3
Average kW Savings by Hour per Average Building

4.1.1 Comparison to Estimated Savings
As stated earlier, the City of San Jose had estimated a savings of 540 kW from 1.8 million
square feet of installed roofing. The Program actually installed 658,805 square foot of Cool
Roof, roughly one-third of the square footage of the planned. As Exhibit 4.4 shows, this
resulted in program realization rates of 0.23 for the summer of 2001 and 0.55 for the typical
weather year. However, when viewed from a watts-per-square-foot perspective for a typical
year, the program exceeded expectations achieving a 1.51 realization rate.

Exhibit 4.4
Ex Ante to Ex Post Impacts

Estimate Period Demand Impact 
(kW)

Installed Square 
Feet

Watts/ Sq. 
Ft.

Ex Ante 540.0 1,800,000.00     0.30
Ex Post - 2001 126.1 658,805.00       0.19
Ex Post - WYEC2 299.4 658,805.00       0.45
Program Realization Rate - 2001 0.23 - -
Program Realization Rate - WYEC2 0.55 - -
Per Sq. Ft. Installed 2001 Realization Rate - - 0.64
Per Sq. Ft. Installed WYEC2 Realization Rate - - 1.51

4.2 Cost Effectiveness
The San Jose Cool Roofs Demand Reduction Program was estimated to save 59,931 kWh and
126 kW in the first year during the peak period with subsequent years seeing a saving of
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330,131 kWh and 299 kW. Using the assumptions indicated in Section 3.2.3, this calculates
to a net-present value of $917,225.

4.3 Reasons for Participation and Nonparticipation
The majority of managers and building owners were queried during the onsite audits about
their experience with the Cool Roof. The Equipoise/PositivEnergy Team telephoned
nonparticipants. The results are presented next.

4.3.1 Participants
There were seven questions directed to the participants. Responses were not received for
every question from every participant. However, for those answering the queries, the
responses were:

Did they notice a difference in the building since installation of Cool Roof? (16 responses) Ð A
little over half of the people noticed little to no difference after the Cool Roof was installed.
However, this was not terribly surprising as many of the roofs did not get installed until after
the summer cooling season.

Did they change the thermostat setting since installation of the Cool Roof? (11responses) –
Only one site changed the thermostat setting. This site had three thermostats and increased
the air conditioning setting on one of the units.

Were there other HVAC changes since the Cool Roof was installed? (19 responses) – Eight
buildings had nothings done while eleven had changes varying from simple electrical changes
to new HVAC units. This seems to indicate that the retrofit of a Cool Roof is often in
conjunction with other work at a site.

Were there major changes to the building or its operation since the Cool Roof was installed?
(17 responses) – There were no major building tenant or operation changes in fourteen of the
responses. Two had tenant changes and one had operational changes due to a slow market.

Do you feel you are getting any non-energy benefits from the Cool Roof? (16 responses) –
Half of the people felt that the change in roof leak status was a plus of the Cool Roof (i.e., no
or fewer leaks). Other responses varied from a quieter and more comfortable building to easy
to maintain. One person noted that the roofing material degradation is lessened because the
Cool Roof covers those materials from the elements.

Would you install another Cool Roof on another building? (15 responses) – Thirteen people
responded positively to this question Ð stating they would install another Cool Roof. One
stated that they may install another Cool Roof based on the type of building and what
occurred on the roof as well as a track record of the Cool Roof on the current buildings. One
stated they installed the cool roof because of the program and would probably only install
again if incentives were available.

What were other items noticed about the Cool Roof? (12 responses) – This question was
asked to obtain non-specific feedback from the participants. The responses varied from the
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fact that the roof was very bright to the installation of the Cool Roof on tilt up buildings may
help decrease caulking rot. A few people mentioned the ease of installation and repair.

The specific responses from the participant interviews are presented in Appendix D.

4.3.2 Nonparticipants
To further assess possibilities for improvements in the cool roof program approach, 20
nonparticipants were interviewed. These 20 interviews consisted of (1) 17 roofing companies
that participated in the City of San Jose Cool Roof program contractors training, but that did
not apply for a rebate under the Cool Roof program, and (2) 3 applicants that applied for a
rebate under the program but did not receive a rebate under the program. Both groups were
queried about the reasons that they did not participate and their level of understanding of the
benefits of cool roofs. The nonparticipant interview instrument is presented in Appendix E.

Responses were obtained to the following questions.

Why didn’t you [retrofit your/install any] building(s) with a Cool Roof? (20 responses, asked
of both groups) Ð The responses of the group are summarized in Exhibit 4.5. The most
common reason for not installing cool roofs was that either the type of work did not meet the
program criteria (residential or new construction), the project was too small, or building was
not air-conditioned. The next three common reasons were that they did not have an
opportunity in the program area, the roofs were completed too late for the program or the
sales cycle was too long to allow them to complete the sale before the program terminated,
and customers still needed to be sold on the cool roof products.

Exhibit 4.5
Reasons Nonparticipants Did Not Install Cool Roofs

Reason Responses

Didn't meat program specifications: In many cases the contractors did primarily residential work or new
construction work. In other cases the projects were too small, the space was not air conditioned, or as the
contractor understood it) the building type (home-owners association) fell outside the program. 7

Installed cool roofs, but they were outside the program area. 5

Installed cool roofs, but too late for program, or sales cycle too long (still trying to close deal). 5

Customer considered too expensive, still getting used to products, or need more proof. 5

Installed but didn't apply for program rebate: Owners didn't want hassle, felt rebate was too small, and
didnÕt think it qualified. 3

Opportunities were primarily specification bids with no room to allow cool roofs. 2

Tenants, not owner, receive the benefits. 2

Note: Total responses exceed 20 because several of the interviewees gave more than one response.

Did you offer this retrofit to any of your customers? If yes, what was their response? If no,
why not? (17 responses, asked only of roofing contractors) Ð This question elicited
essentially the same responses as the previous question. There were a couple of added
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responses or interest. Two respondents stated that the projects did not go ahead because of
poor economic conditions and two indicated that projects did not proceed because the
customers wanted warranties/guarantees that cool roof products alone could not provide.

What is your understanding of the potential benefits of a Cool Roof? (20 responses, asked of
both groups) Ð The general level of understanding of the benefits of cool roofs was good.
Most respondents gave energy or cost savings at the primary reason and about half cited
improved roof life or less degradation as the second reason. Only two for the twenty persons
interviewed could not respond to the question at all.

The following two questions were asked of nonparticipating applicants only, but elicited too
few responses to be analyzed usefully. Responses are recorded in Appendix E.

Do you think you may retrofit your building sometime within the next year? Or anytime within
the next 5 years? (3 responses)

What would have caused you to change your mind and install a cool roof? (2 responses).

Overall, it appears that nonparticipants did not have the opportunity, for various reasons, to
install a cool roof during the period that the program was offered. They appeared to have the
knowledge necessary to promote the program but, as a group, may have lacked motivation to
try to sell the program because it represented a small portion of their potential business.

4.4 Recommendations
According to participant and nonparticipant feedback, the City of San Jose Cool Roof
Program appears to have done a good job of training contractors and the program has high
satisfaction amongst program participants.

If the City of San Jose offers the cool roof program in the future, the following
recommendations may be helpful in designing an improved program:

1. Maximize the time window Ð One of the primary reasons given for nonparticipation
was that the sales cycle was too long to fit the program. This included the long
customer decision-making processes and the fact that many customers would only
install a cool roof when roofing needed replacement. If the program could be offered
for longer periods (or continuously) it is more likely to fit into the customersÕ
decision cycle.

2. Target the school bid specifications system Ð While only a few nonparticipants
discussed it, schools appears to be a significant missed opportunity. The specification
bid systems used in school districts often require bids to meet exact specifications
that do not include cool roofs. Many of these systems are strictly low bid and bids
that do not meet the exact specifications are considered non-responsive.
Nonparticipants commented that targeting school districts to include cool roofs in
specifications could substantially increase participation because schools have many
buildings and are continually retrofitting them. Targeting school bid specifications
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may require a separate branch for the program and should be assessed further for cost-
effectiveness before being implemented.

This end the report on San JoseÕs Cool Roof Program. Appendices follow.
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October 15, 2001

To: Marty Kurtovich, Pacific Gas and Electric Company

From: Tim Caulfield, Equipoise Consulting Incorporated

Copy: Mary Sutter, Equipoise Consulting Incorporated
Lisa Gartland, PositivEnergy

Re:City of San Jose Cool Roofs Program Evaluation,
Memorandum Summarizing Findings of Literature Review

This memorandum summarizes the findings of Task 1 for the City of San Jose Cool Roofs
Program Evaluation being conducted by Equipoise Consulting Incorporated in association
with PositivEnergy (Equipoise Team). Task 1, Cool Roofs M&E Review, was designed to
review available literature on evaluating cool roof programs and projects, and comment on
how the literature might impact the proposed approach.

The Equipoise Team sought relevant documents using the Internet and UC BerkeleyÕs
MELVYL search facility. Additional information was sought from the CEC and the City of
San Jose to allow review of current program promotion efforts for both programs and the
measurement, verification, and evaluation plan for the CEC statewide cool roofs program.

The references for the relevant documents reviewed are presented in the attached list, along
with a short summary note of the key issues addressed in each document. The primary
references are from the leading researchers in the field at Lawrence Berkeley National
Laboratory, the Florida Solar Energy Center, and Oak Ridge National Laboratory. Papers
from Energy & Buildings, Energy the International Journal, and other building energy journals
were also included, as were papers from the American Council for an Energy Efficient
Economy's biannual Summer Study on Energy Efficiency in Buildings.  Other papers were
gathered from various sources and contacts with the US EPA, US DOE, the Cool Roof Rating
Council, and Dr. GartlandÕs collected papers.

Overall, the majority of the references examine either a small number of buildings using
extensive data collection or use a building modeling approach (DOE2 modeling) to estimate
savings in a large metropolitan area.  As was discussed in the original Equipoise Team
proposal, these approaches are either very cost intensive (in the case of building monitoring)
or not very accurate (in the case of DOE2 modeling). The one large program evaluation plan
reviewed (for the CEC AB970 Peak Load Reduction Program) uses a simplified approach
that multiplies insulation dependent deemed savings values by the retrofitted roof area.
Albedo information is also collected, but solely for subjective assessment. WeÕve been unable
to come up with any supporting documentation or peer-reviewed papers detailing how these
multipliers were derived.  We believe they were derived by Lawrence Berkeley National
Laboratory by making a series of standard DOE-2 runs then regressing the data results as a
function of insulation levels. Unfortunately, insulation level is not the sole indicator of energy
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savings when applying cool roofing, so the premise of these equations seems overly
simplistic.

The literature review also covered review of a proposal to use remote sensing (aerial) thermal
imaging to assess the albedos of the roofs in the program. EquipoiseÕs proposed approach
requires on-site collection of building information such as HVAC set points and operation,
conditioned areas, and building shell constructions and insulation levels. This information
cannot be obtained remotely. Since the Team will be on site anyway, it is more accurate to
simply measure the albedo of the roof during the visit. Remote measurement would add
unnecessary uncertainty to the albedo measurement and would add substantial cost to the
project. This having been said, remote sensing could have its place in tracking the average
change of roof-top albedo over time for a particular city or county. In that application it
allows measurement of the approximate albedos for a large number of roofs at one time
without requiring owner contact. It could supply a good visual feel for the success that
programs are having at transforming the roofing industry in an area. This, however, is not the
objective of this evaluation.

Given this review, the Equipoise Team concludes that the approach originally proposed and
accepted for the contract should still be used. As a reminder this approachÉ Òuses
documented methods for calculating the change in building heat load due to the roof retrofit.
These methods have, in prior studies, been calibrated to metered load data. The input
information for the calculations will come from already collected program information,
inspections of a census of the sites by qualified engineering staff, and existing weather data.
This information allows direct calculation of the change in heat transferred through the roof
into the building due to the roofing retrofit. It is a sound alternative to the extensive end use
metering needed to effectively filter out the effects of other building changes from the cool
roof peak load savings.Ó

One issue arising from the review is that the number of sites in the program may well exceed
the 30 specified in the RFP and bid in the proposal. There are currently 23 buildings in the
program, however the City of San Jose has expanded the program to the whole of Santa Clara
County and is currently advertising widely. The program manager currently anticipates
ÒsubstantialÓ additional participation before the program closes on October 31st. This issue
will be discussed at the Project Initiation meeting, and addressed in the Final Evaluation Plan.
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Bibliography of References Relating to the Prediction, Measurement and
Verification of Cool Roof Energy Savings

Reference Type: Report

Record Number: 3

Author: Akbari, H.; Bretz, S.; Hanford, J.; Rosenfeld, A.; Sailor, D.; Taha, H.; Bos, W.

Year: 1992

Title: Monitoring Peak Power and Cooling Energy Savings of Shade Trees and White
Surfaces in the Sacramento Municipal Utility District (SMUD) Service Area: Project Design
and Preliminary Results

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 229

Date: December 1992

Report Number: LBL-33342

Notes: earlier work to support LBL-34411, Akbari 1993
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Reference Type: Report

Record Number: 2

Author: Akbari, H.; Bretz, S.; Hanford, J.; Kurn, D.; Fishman, B.; Taha, H.; Bos, W.

Year: 1993

Title: Monitoring Peak Power and Cooling Energy Savings of Shade Trees and White
Surfaces in the Sacramento Municipal Utility District (SMUD) Service Area:  Data Analysis,
Simulations, and Results

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 146

Date: December 1993

Report Number: LBL-34411

Keywords: pre & post monitoring, school trailers, DOE-2 simulation, roof temperature
correlations

Notes: Two school trailers, one house weather measurements - wind speed, wind direction,
air T, relative humidity, solar radiation. Building measurements - supply & return
temperatures, a/c energy use, rooftop albedo, indoor rel. humidity, indoor air T, roof surface
T.  Daily a/c use versus average daily temperature plotted & differences taken from hot to
cool roof.  Compared average daily load shapes of hot & cool roofs to find peak a/c load
differences.  Also ran DOE-2 simulations & found hot roof peak load are under-predicted &
cool peak loads are over-predicted, so DOE-2 peak load savings will be smaller than actual
measured savings.  Finds roof surface T ~= sol-air T, gives equations.
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Reference Type: Journal Article

Record Number: 27

Author: Akbari, H.; Konopacki, S.; Pomerantz, M.

Year: 1998

Title: Cooling Energy Savings Potential of Reflective Roofs for Residential and Commercial
Buildings in the United States

Journal: Energy - The International Journal

Volume: 24

Issue: 5

Pages: 391-407

Date: 5/1/1999

Alternate Journal: LBNL-42546

Keywords: DOE-2 simulation, residential buildings, commercial buildings

Notes: Standard DOE-2.1E used to predict energy savings potential of cool roofs across the
US.  Prototypical buildings modeled in various parts of the country and results extrapolated
to the entire country.
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Reference Type: Report

Record Number: 25

Author: Akbari, H.; Rainer, L.

Year: 2000

Title: Measured Energy Savings from the Application of Reflective Roofs in 3 AT&T
Regeneration Buildings

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 20

Date: November 2000

Report Number: LBNL-47075

Keywords: pre & post monitoring, commercial buildings

Notes: Measured energy savings in 3 remotely located regeneration buildings of 160 sq ft
each.

Reference Type: Journal Article

Record Number: 29

Author: Berdahl, Paul; Bretz, S.

Year: 1997

Title: Preliminary Survey of the Solar Reflectance of Cool Roofing Materials

Journal: Energy & Buildings

Volume: 25

Issue: 2

Pages: 149-158

Date: 3/1/1997

Alternate Journal: LBNL-41294

Keywords: roof performance testing

Notes: Values of solar reflectance reported for typical roof materials. Also shows effect of
lower emissivity values on surface temperatures.
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Reference Type: Journal Article

Record Number: 28

Author: Bretz, S.; Akbari, H.

Year: 1997

Title: Long-Term Performance of High-Albedo Roof Coatings

Journal: Energy & Buildings

Volume: 25

Issue: 2

Pages: 159-167

Date: 1/1/1997

Alternate Journal: LBL-38572

Keywords: roof performance testing

Notes: Analysis of the ability of cool roofing materials to retain their high reflectivities over
time.

Reference Type: Journal Article

Record Number: 11

Author: Brickman, Richard A.; Moujaes, Samir F.

Title: Numerical Modeling of Heat Transfer in a Residential Room Space Configures with
Reflective Insulation and Coatings

Journal: ASHRAE Transactions

Issue: Paper 3882

Pages: 32-42

Keywords: numerical modeling, comparison with test data

Notes: Single room modeling assuming foil insulation use plus walls & roof coated with
reflective ceramic paint.  Calculated temperatures throughout roof layers both with and
without exterior surfaces painted.
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Reference Type: Conference Proceedings

Record Number: 16

Author: Callahan, Michael; Parker, Danny; Sherwin, John; Anelio, Michael

Year of Conference: 2000

Title: Demonstrated Energy Savings of Efficiency Improvements to a Portable Classroom

Conference Name: ACEEE 2000 Summer Study on Energy Efficiency in Buildings

Conference Location: Pacific Grove, CA

Publisher: American Council for an Energy Efficient Economy

Volume: 3

Number of Volumes: 10

Pages: 61-75

Date: August 2000

Keywords: school trailers, pre & post monitoring

Notes: Installed energy retrofit measures one by one to see their effects, including lighting,
roofing, HVAC, ventilation & automatic controls.  Measured interior, roof deck, and attic T's,
CO2, door opening, total kWh, a/c kWh, lighting kWh, wind speed, out T, rel. humidity,
insolation - all 15 minute data.  Outdoor T's were consistent enough before & after roof was
installed to allow direct data comparison.
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Reference Type: Report

Record Number: 8

Author: Chandra, Subato; Moalla, Sofien

Year: 1991

Title: Energy Savings from Industrialized Housing Construction Systems and Roofing Tiles

City: Cape Canaveral, FL

Institution: Florida Solar Energy Center

Pages: 27

Date: October 1991

Keywords: residential testing, manufactured housing, roofing tiles

Notes: Measured surface temperatures of gray & white (light gray) shingles, red clay &
concrete tiles with and without radiant barriers.  No energy use measures made with different
roofing types.

Reference Type: Report

Record Number: 9

Author: Clear, R.D.; Gartland, L.; Winkelmann, F.C.

Year: 2001

Title: An Empirical Correlation for the Outside Convective Air Film Coefficient for
Horizontal Roofs

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 30

Date: January 2001

Report Number: LBNL-47275

Notes: Rooftop heat transfer coefficients were calculated from data collected on two
buildings in San Jose & Davis, CA.  HTC found from wind speed, outdoor T, relative
humidity, horizontal insolation, roof surface heat flux, and roof surface temperature.  This can
be used to replace the standard DOE-2 roof heat transfer coefficient that was derived from
tests of vertical windows.
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Reference Type: Report

Record Number: 5

Author: Gartland, L.; Konopacki, S.; Akbari, H.

Year: 1996

Title: Modeling the Effects of Reflective Roofing

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 8

Date: August 1996

Report Number: LBNL-38580

Keywords: DOE-2 simulation

Notes: wrote a DOE-2 function to add radiative exchange in the attic/plenum, natural
convection in the attic/plenum, variation of insulation conductivity with temperature, and an
improved external roof surface convection coefficient. Ran and compared to results for school
trailer in LBNL-34411, Akbari 1993.  Function improves the prediction for hot roofs of
summertime daily and peak energy use.
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Reference Type: Report

Record Number: 23

Author: Gartland, L.

Year: 1998

Title: Roof Coating Evaluation for the Home Base Store in Vacaville, California

City: Oakland, CA

Institution: PositivEnergy

Pages: 27

Date: September 22, 1998

Keywords: commercial buildings, pre & post monitoring

Notes: Measured roof surface T, roof underside T, indoor air T, indoor humidity, cooling
system kWh, insolation, outdoor T, outdoor humidity, indoor wall & floor surface T's.
Building used evaporative cooling.  Found regression equation to predict "before" surface
temperature had an R squared of 0.987.  Used correlation of cooling energy use (full-on, half
power or full-off depending on indoor & outdoor temperatures) for "before" data to compare
to actual "after" data and come up with energy savings.

Author Address: PositivEnergy, 397 51st Street, Oakland, CA 94069

Reference Type: Report

Record Number: 14

Author: Keeton, John; Alumbaugh, Robert

Year: 1981

Title: Energy Factors and Temperature Distribution in Insulated Built-Up Roofs

City: Port Hueneme, CA

Institution: Civil Engineering Laboratory, Naval Construction Battalion Center

Pages: 80

Date: February 1981

Report Number: Technical Note TN no. N-1600

Keywords: test bed
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Notes: Concern that high levels of insulation actually heat up roof surface temperatures lead
to construction of roof test facilities.  Measured temperatures throughout layers of black
roof, gray gravel, white gravel, aluminum, and white roof with varying insulation levels.
Found that using a white surface is most effective at cooling roof.  Also found it's smarter to
put insulation in ceiling under an airspace, not right next to roof

Reference Type: Report

Record Number: 7

Author: Konopacki, S.; Akbari, H.; Gabersek, S.; Pomerantz, M.; Gartland, L.; Moezzi, M.

Year: 1996

Title: Energy and Cost Benefits from Light-Colored Roofs in 11 U.S. Cities

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Date: October 1996

Report Number: LBL-39433

Keywords: DOE-2 simulation

Notes: Standard DOE-2 model used to predict potential energy & dollar savings of cool
roofs. Analyzed building stock and simulated prototypical buildings using typical roof
albedos.
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Reference Type: Report

Record Number: 4

Author: Konopacki, S.; Gartland, L.; Akbari, H.; Rainer, L.

Year: 1998

Title: Demonstration of Energy Savings of Cool Roofs

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 116

Date: June 1998

Report Number: LBNL-40673

Keywords: Commercial buildings, pre- and post-monitoring, statistical modeling

Notes: Medical office buildings in Gilroy & Davis, CA, drug store in San Jose weather
measurements - wind speed, wind direction, outdoor air T, insolation, rel. humidity building
measurements - roof surf T, roof underside T, plenum T, roof surface heat flux, a/c power,
total power, indoor air T, return air T, avg daily outdoor T versus daily a/c use regression
plotted pre & post avg daily load shapes
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Reference Type: Report

Record Number: 26

Author: Konopacki, S.; Akbari, H.

Year: 1998

Title: Simulated Impact of Roof Surface Solar Absorptance, Attic and Duct Insulation on
Cooling and Heating Use in Single-Family Residential Buildings

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 67

Date: October 1998

Report Number: LBNL-41834

Keywords: DOE-2 simulation, residential buildings

Notes: DOE-2.1E used, not sure what modifications, if any, were made to facilitate
calculation of the duct performance.

Reference Type: Report

Record Number: 17

Author: Konopacki, S.; Akbari, H.

Year: 2000

Title: Energy Savings Calculations for Heat Island Reduction Strategies in Baton Rouge,
Sacramento and Salt Lake City

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 71

Date: March 2000

Report Number: LBNL-42890

Keywords: DOE-2 simulation

Notes: Used standard DOE-2.1E model to quantify various heat island mitigation strategy
effects, including using trees to shade buildings, using high-albedo roofing, and both of these
together.  Defined prototypical buildings to characterize each city.
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Reference Type: Report

Record Number: 1

Author: Konopacki, S.; Akbari, H.

Year: 2001

Title: Measured Energy Savings and Demand Reduction from a Reflective Roof Membrane
on a Large Retail Store in Austin

City: Berkeley, CA

Institution: Lawrence Berkeley National Laboratory

Pages: 26

Date: June 2001

Report Number: LBNL-47149

Keywords: pre & post monitoring, statistical modeling, commercial buildings

Notes: Single building studied. Weather measurements - outdoor T, rel. humidity, insolation,
wind speed, wind direction building measurements -  indoor air T, a/c power, non-a/c power,
total power monitoring period - 8-26-99 to 9-30-00, 15 min intervals, roof replaced 4-14-00
to 5-23-00. Analysis period - pre 8-26 to 9-30-99 for 36 continuous days, post 8-11 to 9-30-
00 for 28 non-cont. days
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Reference Type: Conference Proceedings

Record Number: 12

Author: Levinson, Ronnen; Akbari, H.; Gartland, L.

Year of Conference: 1996

Title: Impact of the Temperature Dependency of Fiberglass Insulation R-Value on Cooling
Energy Use in Buildings

Conference Name: 1996 ACEEE Summer Study on Energy Efficiency in Buildings

Conference Location: Pacific Grove, CA

Publisher: American Council for an Energy Efficient Economy

Volume: 10

Number of Volumes: 10

Pages: 85-94

Date: August 1996

Keywords: insulation R-value, DOE-2 simulation

Notes: Fiberglass insulation conductivity can increase by 25% from 70F to 150F.  Adding
this variability into a DOE-2 model for roof insulation was shown to bring simulation results
more closely in line with measured results.
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Reference Type: Journal Article

Record Number: 15

Author: Parker, Danny; Cummings, James; Sherwin, John; Stedman, Theodore; McIlvaine,
Janet

Title: Measured Residential Cooling Energy Savings from Reflective Roof Coatings in Florida

Journal: ASHRAE Transactions

Issue: Paper 3788

Pages: 36-49

Keywords: pre & post monitoring, residential testing

Notes: Two houses - Cocoa Beach, Fl sloped roof R-11; Cocoa Beach Fl slope roof, no
insulation.  Measured air T, insolation, rel humidity, wind speed, inside T, ceiling T, floor T,
interior rel. humidity, attic T, roof deck T, a/c kWh.  Analyzed one week before and one week
after coating when weather was "very similar".  Thermostat set at 78F and protected by a
lock box.

Reference Type: Report

Record Number: 19

Author: Parker, Danny; Cummings, James; Sherwin, John; Stedman, Theodore; McIlvaine,
Janet

Year: 1993

Title: Measured Air Conditioning Electricity Savings from Reflective Roof Coatings Applied
to Florida Residences

City: Cape Canaveral, FL

Institution: Florida Solar Energy Center

Pages: 34 plus appendices

Date: February 1993

Report Number: FSEC-CR-596-93

Keywords: residential testing, pre & post monitoring

Notes: More detail on Parker paper for ASHRAE Transactions.
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Reference Type: Journal Article

Record Number: 10

Author: Parker, Danny; Barkaszi, Steve

Year: 1994

Title: Saving Energy with Reflective Roof Coatings

Journal: Home Energy

Volume: May/June 1994

Pages: 15-20

Date: May/June 1994

Keywords: residential testing

Notes: Six houses tested in Florida, all with different roof constructions.  One flat, three
pitched with attics, on gravel roof and one tile roof.  All added coatings to the roof surfaces.
Measured 11-43% kWh savings and 16-38% peak demand savings from 5-6 pm.

Reference Type: Report

Record Number: 20

Author: Parker, Danny; Barkaszi, Steve; Sonne, Jeffery

Year: 1994

Title: Measured Cooling Energy Savings from Reflective Roof Coatings in Florida: Phase II
Report

City: Cape Canaveral, FL

Institution: Florida Solar Energy Center

Pages: 31 plus appendices

Date: February 1994

Report Number: FSEC-CR-699-94

Keywords: pre & post monitoring, residential testing

Notes: More detail for Parker ASHRAE Transactions paper
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Reference Type: Report

Record Number: 18

Author: Parker, Danny; Sherwin, John; Sonne, Jeffery; Barkaszi, Steve

Year: 1996

Title: Demonstration of Cooling Savings from Light Colored Roof Surfacing in Florida
Commercial Buildings: Our Savior's School

City: Cocoa, FL

Institution: Florida Solar Energy Center

Pages: 18

Date: June 1996

Report Number: FSEC-CR-904-96

Keywords: pre & post monitoring, commercial buildings

Notes: Tested single school building in Florida.  Almost flat roof with drop ceiling and R-19
insulation.  Measured outdoor T, rel. humidity, insolation, roof surface T, roof deck
underside T, attic T, unconditioned hallway T, conditioned inside T, interior rel humidity,
chiller kWh, air handler kWh - all 15 min data.  No weather correction made, but used a whole
year each of pre & post data.
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Reference Type: Computer Program

Record Number: 24

Programmer: Rainer, L.

Year: 1998

Title: REST - Roof Energy Savings Tool

City: Davis, CA

Publisher: National Coatings Corporation

Version: 1.1

Type: MS Excel-based spreadsheet running DOE-2 in background

Computer: For Windows PC

Keywords: DOE-2 simulation

Notes: Developed by Leo Rainer of Davis Energy Group for National Coatings Corporation.
This program has a MS Excel-based spreadsheet interface with the standard DOE-2.1E
building energy modeling program.  It takes input like roof construction type, building
configuration and insulation levels, usage information, a/c system type and efficiency and
calculates energy savings that would result from using a cool roof.  The 1.1 version only
reports the a/c and fan energy savings, and does not include demand savings predictions.

Reference Type: Report

Record Number: 22

Author: SMUD

Year: 1996

Title: White Roof Impacts

City: Sacramento, CA

Institution: Sacramento Municipal Utility District

Pages: 3

Keywords: DOE-2 simulation, pre & post monitoring, commercial buildings

Notes: Results from simulations and testing for three different buildings monitored in the
Sacramento area.
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Reference Type: Report

Record Number: 21

Author: Vincent, Bruce

Year: 1995

Title: Monitoring Plan - Commercial and Residential White Roofs

City: Sacramento, CA

Institution: Sacramento Municipal Utility District

Pages: 9

Date: April 13, 1995

Keywords: pre & post monitoring, residential testing, commercial buildings

Notes: Lays out a test plan for various buildings proposed for white roof testing.  Planned to
monitor 8 plus buildings, measuring outdoor T, energy demand and usage for the a/c system,
and interior space T's.

Reference Type: Conference Proceedings

Record Number: 13

Author: Wilkes, K.

Year of Conference: 1981

Title: Thermophysical Properties Data Base Activities at Owens-Corning Fiberglas

Conference Name: ASHRAE/DOE-ORNL Conference on Thermal Performance of the
Extreior Envelope of Buildings

Publisher: ASHRAE

Volume: SP 28

Pages: 662-677

Date: December 3-5 1979

Keywords: insulation R-value

Notes: Gives equations to predict fiberglass insulation conductivity value as a function of
density and temperature.
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Reference Type: Report

Record Number: 30

Author: Wilkes, K.

Year: 1991

Title: Thermal Model of Attic Systems with Radiant Barriers

City: Oak Ridge, TN

Institution: Oak Ridge National Laboratory

Date: 1991

Report Number: ORNL/CON-262

Keywords: numerical modeling

Notes: Numerical heat transfer model of the RBSOR (Radiant Barrier Systems - Oak Ridge)
roof/attic/ceiling system developed at ORNL.  This model was calibrated using test data,
specifically adding delays in heat fluxes due to thermal storage.
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Reference Type: Conference Proceedings

Record Number: 6

Author: Wilkes, K.; Petrie, T.; Atchley, J.; Childs, P

Year of Conference: 2000

Title: Roof Heating and Cooling Loads in Various Climates for the Range of Solar
Reflectances and Infrared Emittances Observed for Weathered Coatings

Conference Name: Summer Study on Energy Efficiency in Buildings

Conference Location: Pacific Grove, CA

Publisher: American Council for an Energy Efficient Economy

Volume: 3

Pages: 361-372

Date: August 2000

Keywords: test bed, roof temperature correlations

Notes: Test bed looking at thermal performance of weathering roof surfaces. Measured
weather conditions, roof surface T's and heat flux below roof deck into building found good
agreement between prediction correlation and measured roof surface T's Used special test bed
calculational model with TMY data to predict heat fluxes in different locations.  Some DOE-2
analysis to predict utility bill savings
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Reference Type: Measurement and Verification Plan

Record Number: 31

Author: Nexant

Year: 2001

Title: Measurement, Verification, and Evaluation Plan Cool Roofs Program Element CEC
AB970 Peak Load Reduction Program

Pages: 9

Date: August 27, 2001

Keywords: measurement, verification

Notes: Approach samples the population and post-installation conducts verification visits at
sample sites to verify square footage retrofitted. Collects albedo information to compare to
manufacturer data. Data collected by program is then used in conjunction with deemed values
that are a function of the roof insulation levels (R<15 uses 0.4 W/Sq. ft., R15-R25 uses 0.3
W/Sq. ft., R25-R30 uses 0.2 W/Sq. ft.) to estimate total kW savings. Adjustments to entire
population are made based on findings for sample.

Reference Type: Proposal

Record Number: 32

Author: Price, D

Year: 2001

Title: Cool Roof Measurement and Validation using Remote Sensing Thermal Imaging Load
Reduction Program

City:

Institution: Technical & Ecological Services

Pages: 3

Date: September 18, 2001

Keywords: remote sensing

Notes: This is the virtually the same proposal that has been shopped around to numerous
local cool community organizations, including the Sacramento Cool Community Program
which already has thermal images that were done by NASA three years ago.  Although it
would be interesting to map the Santa Clara County areaÕs existing thermal profile (these
images are extremely valuable in showing people how hot standard development practices
are), this has very little application to determining the energy savings of the cool roof
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program.  Rooftops are generally hot (albedos from 5 to 25%) or cool (albedos of 50% or
higher) and seldom in between.  A flyover is an expensive way to verify how cool the roof is,
plus it cannot tell us what the initial albedos were, what the rooftop insulation composition
is, or how much air conditioned space the roof covers.  A thermal image of the entire Santa
Clara County is also not a very productive way to collect information for only 30 buildings.
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