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I, EXECUTIVE SUMMARY

Pacific Gas and ElectricOs (PG&EOs) overall evaluation goal was to document the peak
demand impacts of the Ocool roofO technology installed under the City of San JoseOs 2
Cool Roof Incentive Program (Cool Roof Program). There were also three other smaller g
for this study:

1. ReviewpreviousCool RoofsM&E methodsandidentify the Obest@ethodto
use for this evaluation.

2. Determine the Cool Roof Program cost effectiveness.
3. Assesghereasondor non-participationn the Cool Roof Program.

The studyusedliteraturereview, onsiteaudits,andtelephonesurveysto meetthe needsof
the evaluation.

Based on the review of the M&E literature available, the approach originally proposed we
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.

Exhibit 1.1
Program Impacts

=

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

Exhibit 1.2 shows the average demand impact for each peak period hour. Only 16 of the
buildings in the program installed their cool roofs prior to the end of the summer peak pe
(October31,2001).Therefore Exhibit 1.2 provides,on anhourly 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
buildings.

In Exhibit 1.2 the difference between the 020010 and the 016 Bldg WYEC20 lines illust
thatthe summerof 2001wascoolerthattypical summersThedifferencebetweenO16Bldg
WYEC20 and 0023 Bldg WYEC20 shows the difference between completing 16 and 23
roof with typical yearweather.

Both exhibitsillustratethatfuture yearsmay seeasmuchastwice theloadimpactsseenin
2001.

Equipoise Consulting Incorporated Page 1-1
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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 effec
useful life of the roof was $917,225.

Theprogramappeard$o havebeensuccessfufor thoseit reachedThirteenout of fifteen
respondentstatedthattheywould install anothercool roof. The remainingtwo would install
a cool roof again under the right conditions.

In generalnonparticipantslid not havethe opportunity,for variousreasonsto install a cool
roof duringthe periodthatthe programwasoffered. Theyappearedo havethe knowledge
necessaryo promotethe programbut, asa group,may havelackedmotivationto try to sell
the programbecausét represented smallportionof their potentialbusiness.

Page 1-2 Equipoise Consulting Inc
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2, INTRODUCTION AND REVIEW OF ISSUES

2.1 Introduction

Pacific Gas and ElectricOs (PG&EOs) overall evaluation goal was to document the peak
demand impacts of the Ocool roofO technology installed under the City of San JoseOs 2
Cool Roof Incentive Program (Cool Roof Program). There were also three other smaller g
for this study:

1. Determinewhatthe previousM&E methodsusedto measureéCool Roofswere
andwhatthe Obest@ethodto usewould be.

2. Determine the cost effectiveness of the Program.
3. Determinewhy somepeopledid not participatein the Program.

Thisreportprovidesthe evaluationrmethodologyanddatasourceslatasourcesisedto
determingpeakperioddemandmpactsandgivestheimpactresults.lt alsoprovidespartof
theinputsrequiredto determinecosteffectivenesanddiscussesonparticipatiorissues.

2.2 Study Issues

Prior to the beginning of the evaluation, the Equipoise/PositivEnergy Team had identified
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 audit
every building within this relatively small program.

* Thecurrentatmospher®f cautionconcerningpotentialterroristattacksmeantthatthe
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 P(
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.

Equipoise Consulting Incorporated Page 2-1






Draft Report for Summer Demand Reduction San Jose Cool Roofs Study

3. MIETHODOLOGY

This section provides an overview of the evaluation methods used for the Summer Deme
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 milli
squarefeetof installedCool Roofs.In orderto tracktheinstallationsthe City of SanJose
maintained a database of information on each of the buildings in the Program. There were
records in the database, of which 23 had roofs installed. The different types of buildings
represented in the database, are shown in Exhibit 3.1.

Exhibit 3.1
Square Foot of Cool Roofs Installed by Building Type
N Sq Ft
Building Type | Records | 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

Those owners/managers within the database that did not end up installing a Cool Roof w
used for the telephone survey of nonparticipating owners. A listing of 54 qualified roofing
contractoravasobtainedfrom the SanJosewebssite. This contactinformationwasusedfor
thetelephonesurveyof nonparticipatingcontractors.

3.1.2 Collected Data

Weather data was obtained from the PG&E meteorologists for 2001 actual temperature,
speedandinsolationdata.Temperaturesverefrom Cupertinowhile wind speedand

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 ownersor managersverequeriedabouttheir perception®f the

Cool Roof. (See Appendix B for the audit form).

Equipoise Consulting Incorporated Page 3-1
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As detailed in Section 3.2.2, Energy efficiency values (SEER and/or EER) were sought fol
each of the 224 HVAC units found during the onsite audits.

3.2 Analysis Approach
As discussedn theintroduction,therearefour differentquestionsaddressety this study.

1. What previous measurement and evaluation (M&E) methods were used to
measureCool Roofsandwhat may be the Obest@®ethodto usefor 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 somepeoplenot participatein the Program?

Differentapproachewsereusedto determineghe answergo eachquestion Eachapproachs
presentechext.

3.2.1 Previous M&E Methods

As thefirst taskin this project,the Equipoise/PositivEnergyeamconducted literatureand
Internetsearcho identify thevariousM&E methodsalreadyusedor currentlyin usefor

Cool Roofs as an energy efficient measure. Each method was reviewed, summarized, an
final recommendation made concerning the most appropriate method to use for this parti
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 building
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 inte
(in the case of building monitoring) or not very accurate (in the case of DOE2 modeling).
one large program evaluation plan reviewed (for the CEC AB970 Peak Load Reduction
Program) uses a simplified approach that multiplies insulation-dependent deemed savinc
values by the retrofitted roof area. Albedo information is also collected, but solely for
subjectiveassessment.herewasno supportingdocumentatioror peer-revieweghapers

found that detailed how these deemed savings multipliers were derived. It is believed tha
they were derived by Lawrence Berkeley National Laboratory by making a series of stani
DOE-2 runs, then regressing the data results as a function of insulation levels. Unfortune
insulation level is not the sole indicator of energy savings when applying cool roofing, so
premiseof theseequationseemsverly simplistic.

The literature review also covered review of a proposal to use remote sensing (aerial) the
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 unnece
uncertaintyto the albedomeasuremerandwould addsubstantiatostto the project. This
having been said, remote sensing could have its place in tracking the average change of r
albedoovertime for a particularcity or county.In thatapplicationit allows measuremertuf

Page 3-2 Equipoise Consulting Incorporated
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the approximate albedos for a large number of roofs at one time without requiring owner
contact.lt could supplya goodvisualfeelfor the programsuccessowardtransformingthe
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 appro.
originally presentedby the Teamwasviable,costeffective,andbestmetthe needsof this
particularevaluation.Therecommendatiowasacceptedy PG&E. This approachs
presentecdhext.

3.2.2 Engineering Analysis of Impacts

The Equipoise/PositivEnergy Team used a straight engineering approach to determine k\
impactsfrom theinstallationof Cool Roofsin SanJose This approaclassumedhatthe
entireheatloadfrom theroof into the building wasseenby the HVAC systemA flow

diagram of the overall analysis approach is presented Exhibit 3.2.

Exhibit 3.2
Overall Analysis Approach

San Jose

Engineering
Weather Data .
(Hourly) Algorithm #1 ¢
Hourly Roof
Temperature
l (with and without
Building Roof Cool Roof)
Construction
Engineering
—»
Algorithm #2 ¢
Rooftop Heat Load
HVAC Duct to Building
Characteristics l (with and without
Cool Roof)
HVAC System Engineering
Characteristics Algorithm #3
_| | Peak kW Impacts
due to Cool Roof

Specifically,this approactdeterminedhetemperaturen the roof from established
correlations using air temperature and insolation data, as well as the rooftop reflectivity a

Equipoise Consulting Incorporated Page 3-3
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emissivity. This weatherdatawascollectedfor the periodof analysis(i.e.,May 1, 2001to
October 31, 2001) for San Jose. Additionally, weather year for energy calculations (WYE
datawasusedto assespotentialimpactsin a Otypical@ear?

Two different algorithms for calculating roof surface temperature were evaluated:

1) atheoretical determination of surface temperature based on actual heat transfer
eqguations on the surface, and

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

Baseduponthis analysisthetheoreticaldeterminatiorof surfacetemperaturevasjudgedto
provide more accurate surface roof temperatures. Full justification of this decision is prov
in Appendix C. The theoretical algorithm is shown in Exhibit 3.3.

Exhibit 3.3
Roof Temperature Determination — Theoretical Algorithm

Ts=To+ [(1' OLs) s - op SséR] I hy

Where:
Ts = roof surfacetemperature
T, = outsideairtemperature
as = roof surface solar reflectivity
s = solar radiation onto roof surface
o, = Stefan-Boltzmanmonstant
gs = roof surface emissivity
dr = radiative temperature difference from roof surface to sky

T04 + (To' ATd)4
AT4 = skytemperatur@epressionassumedo be 16;C
h, = sum of convective & radiative coefficients z-hh,
h, = convection coefficient = 0.5 + 0.3 Ws (in Btu/Hif)
W; = wind speed in miles per hour
h, = radiative coefficient @, e (T, + To (To> + TS)

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 mate
wasusedto computethe steadystate one-dimensionaheattransferthroughthe roof

assembly to the conditioned space. This algorithm included changes in radiation, convect
and conduction heat transfer due to the large roof surface temperature reductions of coo
roofing. The effectiveness of using this type of algorithm has been shown to be much mo

*WYEC datais preparedso that the meansvaluesof the temperatureand insolationvaluesfor eachmonth arethe
sameasthe long-termmeansfor thoseparameters.
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accurate than standard DOE-2 analysis in predicting overall energy use and peakleads.
outputof this heatload algorithmwashourly estimate®f the heattransferrednto the
conditionedspacepothwith andwithoutthe cool roof. The algorithmtakestheform of a

series of heat transfer equations that were solved simultaneously as illustrated in Exhibit

Exhibit 3.4
Hourly Load Heat Algorithm

*To
T3 ] oF
roof
. v
~h
o T le
) T;’ Qp2 —, y Q12
— ceiling *Qc
. ~Qci
o Ti ¢Ql Q
Qr = Q12+ Qlp
Qc = Qp2+ Q12
Qc = Qi+ Qci

Qr = (TsbT1)/Rroof

Q12 = ob(T1*DT2Y/ (T1kl + T2k2 D1)

Qlp= (T1DTp)/hp

Qp2= (TpBT2)/hp

Qc = (T2b Tc)/ Rceilling

Qi = (TcBTi)/hi

Qci = b (Tc*BTi% / (Tcke + Tiki D1)
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

* Gartland,Konopacki& Akbari, "Modeling the Effects of Reflective Roofing", 1996 ACEEE Summer Study on
Energy Efficiency in Buildings, August1996.
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el = surface 1 emissivity

g2 = surface 2 emissivity

eC = ceiling emissivity

el = indoor surfaces emissivity

Therewere 1l equationsand11 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
radiationterms,theyweremosteasilysolvedusinganiterativeprocessThefinal resultto be
foundfrom theseequationsvasthetotal heatloadto theindoorspaceg(in Btu), or

Qtotal= Qi + Qci + Qduct

The Qducttermis for the rooftopswith significantamountsof ductsthatsupplycoolingair

to the building from package units located on the roof, if these ducts are coated during th
roof coatingprocessTheductingfoundduringthis studydid not warrantadditionalanalysis
andthe Qducttermwassetto zeroin all cases.

By usingthe weatherinformationfrom pre-andpost-retrofitperiods this approactallowed

a clean estimate of the change in heat load into the building from the cool roof retrofit.
Informationcollectedduring onsiteauditof the HVAC systemwereusedto applyanenergy
efficiency ratio (EER) that converted the calculated change in heat load (in Btu) into a der
impact (in kW) as shown in Exhibit 3.5.

Exhibit 3.5
Demand Impact Algorithm

6 (BtUprecooIroof, h- BtUpostcooIroof, h)
EER’alirconditione
6*1,000

PeakkWimpact= h-1

Where: h = averageBtu for peakhour,noonto 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
efficiencyvalueswerethe ARI Unitary Directory (Augustl, 1996to January31,1997),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 number:
Equipoise had been unable to locate and directly requested to provide SEER or EER vall

However, there were units where the models numbers rubbed off, painted over, or were
difficult to read.Thisleadto modelnumberghatcouldnot be found. Manufacturerslid not
always recognize the model number provided. In a few cases, the model number was so
that there was no known SEER or EER on record. In the cases where the manufacturer ¢
identify yearof the model,but no efficiency valuewasknown,anInternetsite thatprovided
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anestimatedSEERbasedn theageof the unit wasused(http://www.hvacopcost.comThe
SEER values on this site were similar to those indicated by the Federal Department of E|
site (http://www.eia.doe.gov/emeu/consumptionbriefs/recs/actrends/recs_ac_trends.html
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 ar
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) wh
units over 5 tons have a simple EER rating. These two values were determined using diff
federal testing procedures. However, for purposes of the analysis, all the SEER values n
to be changed to EER values. With the available information, there was no way to calcule
this directly. Therefore, data from the CEC database was used to empirically move from
to the other. The central air conditioner table in this database had slightly over 18,000 re:
that had both an EER and a SEER. A simple ratio of one to the other provided the averag
ratio to move from a SEER to an EER (SEER / 1.114 = EER). This ratio was applied to a
SEER values to determine an average EER by building. The average EER applied by buil
are shown in Exhibit 3.6. The one outlier in the group (Building 8) is based on the EER of
compressor motor only, as this cooling system is neither a packaged unit nor a chiller. It
acknowledged that this EER is high for the system as a whole, but any reduction would k
arbitrary. The estimatedmpacton this systemis considereatonservative.

Equipoise Consulting Incorporated Page 3-7
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Exhibit 3.6
Average EER by Building

This analysis approach allowed estimation of the maximum peak impact, as well as avere
impactsfor eachhourof the peakperiod.

3.2.3 Cost Effectiveness Analysis

The cost effectiveness of the Pilot program was determined by assessing the life cycle si
for the pre-determine®pealperioddji.e., May 31 to October31 andnoonto 6 PM). The
analysisapproactprovidedhourly kW savingsthatweresimply summedo providea kWh
savingsfor the periodin which the roof wasinstalledthatintersectedhe OpealperiodOThe
first yearof savingsvasusedfor 2001with WYEC2 valuesusedfor subsequengears.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- kW On-
Year Peak [1] 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

[1] SummerOn-Peak$/kWh includeson-peakmultipliers requiredfor the ProgramYear 2001 FundingApplications.
Valuesare from CPUC'sRuling of October25, 2000that wasadoptedin 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 estimation
used the same calculation methodology and economic inflation and discount rates used il
previous filings. A discountrateof 5% wasusedin the analysis Any further computation

of cost effectiveness will be done by PG&E, because they have access to program costs
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 cont:
data from the City of San Jose on customers and roofing contractors who initially expres:
interest in the program, but did not install a cool roof under the City of San Jose program
Thesecustomersveretelephonedindaskeda few questiongo determinewhy theydid not

go aheadwith anyretrofit. In addition,duringthe participantonsiteaudits,a few questions
wereaskedof the contactpersonto determinewvhy the decisionwasmadeto install the cool

roof and whether there were program elements that they would like to see changed. The
responsefrom both participantsandnonparticipantsvere analyzedo providepossible
reasongor nonparticipationThe surveyform is locatedin AppendixB.

3 The discountratewaschoserto be consistenith the ALJ Bytof ruling, datedOctober25, 2000,in
Application(A.) 99-09-049¢t. al. Theinflation rateof 3% wasusedto developthe discountrate. The

following specific values were identified as appropriate for these calculations: (1) The inflation rate that shc
be usedis 3%, (2) Thediscountrate,if inflation is included,shouldbe 8.15%,(3) The discountrate, if

inflation is not included,shouldbe 5%. This derivedasfollows: RealDiscountrate= (1+nominaldiscount

rate)/ (1+nominalinflation rate)= (1+0.0815)/(1+0.03¥ 1.05.
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4, RESULITS AND RECOMMENDATIONS

This sectiondiscusseshe resultsof theimpactanalysisandrecommendationom the
study.

4.1 Program Impacts

Theanalysisprovidedimpactsdueto theinstallationof the Cool Roof for both2001anda
Otypical yearO (using the WYEC2 data). Exhibit 4.1 shows the results by building. The ir
dateis providedto showwhy certainsiteshavezeroimpactsfor 2001(i.e.,theywere
installedpastthe peakperiod).

Equipoise Consulting Inc Page 4-1
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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 1
buildingswith coolroofsinstalledby 10/31/01(2001),(2) the projectedtypical year

(WYEC2) demand impact for the 16 buildings that were installed prior to 10/31/01, and (¢
the projected typical year (WYEC?2) estimates of demand impact for all 23 buildings. The
difference between the 020010 and the 016 Bldg WYEC2O0 lines illustrates that the sun
2001 was cooler than typical summers. The difference between 016 Bldg WYEC20 and
Bldg WYEC20 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 020010, 016 Bldg WYEC20 a
Bldg WYEC20. As it shows, when all buildings are included in a typical year average, the
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 milliol
square feet of installed roofing. The Program actually installed 658,805 square foot of Co
Roof, roughly one-thirdof the squardootageof 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 typi
weatheryear.However,whenviewedfrom a watts-per-square-fogierspectivedor atypical
year, the program exceeded expectations achieving a 1.51 realization rate.

Exhibit 4.4
Ex Ante to Ex Post Impacts

Estimate Period Dema(lll((i;;npact Install;:lefquare Watlgi{ Sq.
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 Rdte - - 151

4.2 Cost Effectiveness

The San Jose Cool Roofs Demand Reduction Program was estimated to save 59,931 kV
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 calcula
to anet-presenvalueof $917,225.

4.3 Reasons for Participation and Nonparticipation

The majority of managers and building owners were queried during the onsite audits abot
their experience with the Cool Roof. The Equipoise/PositivEnergy Team telephoned
nonparticipantsTheresultsarepresentedext.

4.3.1 Participants

Thereweresevenquestiondirectedto the participantsResponsewerenot receivedfor
everyquestionfrom everyparticipantHowever,for thoseansweringhe queriesthe
responsesvere:

Did they notice a difference in the building since installation of Cool Roof? (16 responses) B A
little over half of the people noticed little to no difference after the Cool Roof was installec
However this wasnot terribly surprisingasmanyof theroofsdid not getinstalleduntil after
the summer cooling season.

Did they change the thermostat setting since installation of the Cool Roof? (11responses) —
Only onesite changedhethermostatetting.This site hadthreethermostatandincreased
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 chan
to newHVAC units. This seemdo indicatethattheretrofit of a Cool Roofis oftenin
conjunctionwith otherwork ata 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 t
responses. Two had tenant changes and one had operational changes due to a slow ma

Do you feel you are getting any non-energy benefits from the Cool Roof? (16 responses) —

Half of the peoplefelt thatthe changen roof leak statuswasa plus of the Cool Roof (i.e., no

or fewer leaks). Other responses varied from a quieter and more comfortable building to
to maintain. One person noted that the roofing material degradation is lessened because
Cool Roof covers those materials from the elements.

Would you install another Cool Roof on another building? (15 responses) — Thirteen people
respondegbositivelyto this questionb statingtheywould install anotherCool Roof. One
statedthatthey may install anotherCool Roof basedon the type of building andwhat

occurred on the roof as well as a track record of the Cool Roof on the current buildings. C
statedtheyinstalledthe cool roof becaus®f the programandwould probablyonly install

again if incentives were available.

What were other items noticed about the Cool Roof? (12 responses) — This question was
askedto obtainnon-specifideedbackrom the participantsTheresponsesariedfrom the
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factthattheroof wasvery brightto theinstallationof the Cool Roof ontilt up buildingsmay
help decrease caulking rot. A few people mentioned the ease of installation and repair.

Thespecificresponsefrom the participantinterviewsarepresentedn AppendixD.

4.3.2 Nonparticipants

To furtherassesgpossibilitiesfor improvementsn the cool roof programapproach20
nonparticipantsvereinterviewed.These20 interviewsconsistedf (1) 17 roofing companies
thatparticipatedn the City of SanJoseCool Roof programcontractorgraining, but thatdid
notapplyfor arebateunderthe Cool Roof program,and(2) 3 applicantshatappliedfor a
rebate under the program but did not receive a rebate under the program. Both groups w
gueriedaboutthereasonghattheydid not participateandtheir level of understandingf the
benefitsof cool roofs. The nonparticipaninterviewinstruments presentedn AppendixE.

Responsewereobtainedo thefollowing questions.

Why didn’t you [retrofit your/install any] building(s) with a Cool Roof? (20 responses, asked
of bothgroups)PTheresponsesf thegrouparesummarizedn Exhibit 4.5. The most
commonreasorfor notinstalling cool roofswasthateitherthe type of work did not meetthe
program criteria (residential or new construction), the project was too small, or building w
not air-conditioned. The next three common reasons were that they did not have an
opportunityin the programarea theroofswerecompletedoo latefor the programor the

sales cycle was too long to allow them to complete the sale before the program terminate
andcustomerstill neededo be soldonthe cool roof products.

Exhibit 4.5
Reasons Nonparticipants Did Not Install Cool Roofs

Reason Respon
Didn't meat program specifications: In many cases the contractors did primarily residential work o
constructiorwork. In othercas_est_he projectsweretoo small,tht_a spacewasnot air conditionedpor asthe 7
contractorunderstoodt) the building type (home-ownersssociationjell outsidethe program.
Installedcool roofs, but theywereoutsidethe programarea. 5
Installedcool roofs, but too late for program,or salescycletoo long (still trying to closedeal). 5
Customerconsideredoo expensivestill gettingusedto products,or needmoreproof. 5
Installedbut didn'tapply for programrebate:-Ownersdidn'twanthasslefelt rebatewastoo small,and
didnOthink it qualified. 3
Opportunitieswvereprimarily specificationbids with no roomto 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 responsesaskedonly of roofing contractorsP This questiorelicited
essentiallythe sameresponseasthe previousquestion.Therewerea coupleof added
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responsesr interest.Two respondentstatedthatthe projectsdid not go aheadbecausef
pooreconomicconditionsandtwo indicatedthat projectsdid not proceedbecausehe
customersvantedwarranties/guarantedsatcool roof productsalonecouldnot provide.

What is your understanding of the potential benefits of a Cool Roof? (20 responses, asked of
both groups) B The general level of understanding of the benefits of cool roofs was good.
Mostrespondentgaveenergyor costsavingsat the primaryreasorandabouthalf cited
improvedroof life or lessdegradatiorasthe secondeasonOnly two for thetwenty persons
interviewedcould notrespondo the questionat all.

Thefollowing two questionsvereaskedof nonparticipatingapplicantsonly, but elicitedtoo
few responseto beanalyzedusefully. Responsearerecordedn AppendixE.

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 appearghat nonparticipantslid not havethe opportunity,for variousreasonsto
install a cool roof duringthe periodthatthe programwasoffered.Theyappearedo havethe
knowledge necessary to promote the program but, as a group, may have lacked motivati
try to sell the programbecausdt represented smallportionof their potentialbusiness.

4.4 Recommendations

Accordingto participantandnonparticipanteedbackthe City of SanJoseCool Roof
Program appears to have done a good job of training contractors and the program has hi
satisfactioramongsiprogramparticipants.

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. Maximizethetime window B Oneof the primaryreasongjivenfor nonparticipation
was that the sales cycle was too long to fit the program. This included the long
customeidecision-makingrocesseandthe fact thatmanycustomersvould only
install a cool roof when roofing needed replacement. If the program could be offere
for longerperiods(or continuously)it is morelikely to fit into the customersO
decision cycle.

2. Targetthe schoolbid specificationsystembWhile only a few nonparticipants
discussedt, schoolsappeardo be a significantmissedopportunity. The specification
bid systemsusedin schooldistrictsoftenrequirebidsto meetexactspecifications
thatdo notincludecool roofs. Many of thesesystemsarestrictly low bid andbids
that do not meet the exact specifications are considered non-responsive.
Nonparticipantcommentedhattargetingschooldistrictsto includecool roofsin
specifications could substantially increase participation because schools have ma
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 fo
effectiveness before being implemented.

This endthereporton SanJoseO8ool Roof Program Appendicegollow.
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Octoberl5, 2001

To:  Marty Kurtovich, Pacific GasandElectric Company

From: Tim Caulfield, Equipoise Consulting Incorporated

Copy: Mary Sutter,EquipoiseConsultingincorporated
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 Roo
Program Evaluation being conducted by Equipoise Consulting Incorporated in associatiot
with PositivEnergy(EquipoiseTeam).Task1, Cool RoofsM&E Review,wasdesignedo
review available literature on evaluating cool roof programs and projects, and comment ol
how the literaturemightimpactthe proposedapproach.

The Equipoise Team sought relevant documents using the Internet and UC BerkeleyOs
MELVYL search facility. Additional information was sought from the CEC and the City of
SanJoseto allow reviewof currentprogrampromotioneffortsfor bothprogramsandthe
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, al
with a shortsummarynoteof the key issuesaddresseth eachdocumentThe 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 jourr
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 wer
gathered from various sources and contacts with the US EPA, US DOE, the Cool Roof R
Council, and Dr. GartlandOs 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 estima
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 monito
or not very accurate (in the case of DOE2 modeling). The one large program evaluation p
reviewed (for the CEC AB970 Peak Load Reduction Program) uses a simplified approact
that multiplies insulation dependent deemed savings values by the retrofitted roof area.
Albedo information is also collected, but solely for subjective assessment. WeOve been L
to comeup with any supportingdocumentatioror peer-revieweghapersdetailinghow 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 ¢
function of insulation levels. Unfortunately, insulation level is not the sole indicator of ene
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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) the
imagingto assesshe albedof theroofsin the program EquipoiseOsroposedapproach
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
simply measure the albedo of the roof during the visit. Remote measurement would add
unnecessaryncertaintyto the albedomeasuremerdandwould addsubstantiatostto the
project. This having been said, remote sensing could have its place in tracking the averag
changeof roof-topalbedoovertime for a particularcity or county.In thatapplicationit

allows measurement of the approximate albedos for a large number of roofs at one time
without requiringownercontact.lt couldsupplya goodvisualfeel for the successhat
programs are having at transforming the roofing industry in an area. This, however, is no
objective of this evaluation.

Giventhisreview,the EquipoiseTeamconcludeghatthe approactoriginally proposedand
acceptedor the contractshouldstill be used.As areminderthis approachE Ouses
documented methods for calculating the change in building heat load due to the roof retro
Thesemethodshave,in prior studiespeencalibratedo meteredoaddata.Theinput
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 d:
This information allows direct calculation of the change in heat transferred through the ros
into the building due to the roofing retrofit. It is a sound alternative to the extensive end u
metering needed to effectively filter out the effects of other building changes from the coo
roof peak load savings.O

One issue arising from the review is that the number of sites in the program may well exc
the 30 specifiedin theRFPandbid in the proposal Therearecurrently23 buildingsin the
program, however the City of San Jose has expanded the program to the whole of Santa
County and is currently advertising widely. The program manager currently anticipates
Osubstantiat&lditionalparticipationbeforethe programcloseson October31%. This issue

will be discussed at the Project Initiation meeting, and addressed in the Final Evaluation |
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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 Desic
and Preliminary Results

City: Berkeley,CA

Institution: LawrenceBerkeleyNationalLaboratory
Pages: 229

Date: December 1992

Report Number: LBL-33342

Notes: earlierwork to supportLBL-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
Surfacesn the Sacrament®unicipal Utility District (SMUD) ServiceArea: DataAnalysis,
Simulations, and Results

City: Berkeley,CA

Institution: LawrenceBerkeleyNationalLaboratory
Pages: 146

Date: December 1993

Report Number: LBL-34411

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

Notes: Two schooltrailers,onehouseweathemeasurementswind speedwind 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 surfe
T. Daily a/c use versus average daily temperature plotted & differences taken from hot t
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 actt
measured savings. Finds roof surface T ~= sol-air T, gives equations.
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Reference Type: JournalArticle

Record Number: 27

Author: Akbari, H.; Konopacki,S.; Pomerantz\M.
Year: 1998

Title: Cooling Energy Savings Potential of Reflective Roofs for Residential and Commerci
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: StandardOE-2.1Eusedto predictenergysavingspotentialof cool roofsacrosshe
US. Prototypicalbuildingsmodeledn variouspartsof the countryandresultsextrapolated
to the entirecountry.

Equipoise Consulting Inc Page A-5



Draft Report for Summer Demand Reduction San Jose Cool Roofs Study

Reference Type: Report
Record Number: 25

Author: Akbari, H.; Rainer, L.
Year: 2000

Title: MeasuredEnergySavingsfrom the Application of ReflectiveRoofsin 3 AT&T
Regeneration Buildings

City: Berkeley,CA

Institution: LawrenceBerkeleyNationalLaboratory
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: JournalArticle
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: Valuesof solarreflectanceeportedfor typical roof materials Also showseffectof
lower emissivityvalueson surfacetemperatures.
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Reference Type: JournalArticle
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: JournalArticle
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: Paper3882

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 exteriorsurfacegpainted.
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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 Classroon
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: August2000

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 1
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 w
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 Tils
City: Cape Canaveral, FL

Institution: Florida Solar Energy Center

Pages: 27

Date: October1991

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 diffe
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
HorizontalRoofs

City: Berkeley,CA

Institution: LawrenceBerkeleyNationalLaboratory
Pages: 30

Date: January2001

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
be used to replace the standard DOE-2 roof heat transfer coefficient that was derived fro
testsof verticalwindows.
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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: LawrenceBerkeleyNationalLaboratory
Pages: 8

Date: August1996

Report Number: LBNL-38580

Keywords: DOE-2 simulation

Notes: wrote a DOE-2 function to add radiative exchange in the attic/plenum, natural
convectionin theattic/plenumyariationof insulationconductivitywith temperatureandan
improved external roof surface convection coefficient. Ran and compared to results for sc
trailerin LBNL-34411,Akbari 1993. Functionimprovesthe predictionfor 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: SeptembeR2,1998

Keywords: commercial buildings, pre & post monitoring

Notes: Measured roof surface T, roof underside T, indoor air T, indoor humidity, cooling
systemkWh, insolation,outdoorT, outdoorhumidity, indoorwall & floor surfaceT'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,
poweror full-off dependingonindoor& outdoortemperaturespr "before"datato compare

to actual "after" data and come up with energy savings.

Author Address:PositivEnergy 397 51stStreet,Oakland,CA 94069

Reference Type: Report

Record Number: 14

Author: Keeton, John; Alumbaugh, Robert

Year: 1981

Title: EnergyFactorsand Temperaturdistributionin InsulatedBuilt-Up Roofs
City: PortHuenemeCA

Institution: Civil Engineering Laboratory, Naval Construction Battalion Center
Pages: 80

Date: Februaryl981

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 l¢
to constructiorof roof testfacilities. Measuredemperaturethroughoutayersof 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 smartel
put insulation in ceiling under an airspace, not right next to roof

Reference Type: Report

Record Number: 7

Author: Konopacki,S.; Akbari, H.; GabersekS.; PomerantzM.; Gartland,L.; Moezzi,M.
Year: 1996

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

City: Berkeley,CA

Institution: LawrenceBerkeleyNationalLaboratory

Date: Octoberl996

Report Number: LBL-39433

Keywords: DOE-2 simulation

Notes: Standard DOE-2 model used to predict potential energy & dollar savings of cool
roofs. Analyzedbuilding stockandsimulatedprototypicalbuildingsusingtypical 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: LawrenceBerkeleyNationalLaboratory

Pages: 116

Date: Junel998

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 buildir
measurements - roof surf T, roof underside T, plenum T, roof surface heat flux, a/c powe
total power, indoor air T, return air T, avg daily outdoor T versus daily a/c use regression
plottedpre & postavgdaily loadshapes
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Reference Type: Report

Record Number: 26

Author: Konopacki, S.; Akbari, H.
Year: 1998

Title: Simulatedmpactof Roof SurfaceSolarAbsorptanceAttic andDuct Insulationon
Cooling and Heating Use in Single-Family Residential Buildings

City: Berkeley,CA

Institution: LawrenceBerkeleyNationalLaboratory
Pages: 67

Date: October1998

Report Number: LBNL-41834

Keywords: DOE-2 simulation, residential buildings

Notes: DOE-2.1Eused not surewhatmodifications,if any,weremadeto 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: LawrenceBerkeleyNationalLaboratory
Pages: 71

Date: March2000

Report Number: LBNL-42890

Keywords: DOE-2 simulation

Notes: UsedstandardOE-2.1Emodelto quantify variousheatislandmitigation strategy
effects, including using trees to shade buildings, using high-albedo roofing, and both of th
together. Definedprototypicalbuildingsto characterizeachcity.
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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 Membra
on a Large Retail Store in Austin

City: Berkeley,CA

Institution: LawrenceBerkeleyNationalLaboratory

Pages: 26

Date: June2001

Report Number: LBNL-47149

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

Notes: Single building studied. Weather measurements - outdoor T, rel. humidity, insolatic
wind speed, wind direction building measurements - indoor air T, a/c power, non-a/c pov
total power monitoring period - 8-26-99 to 9-30-00, 15 min intervals, roof replaced 4-14-C
to 5-23-00.Analysisperiod- pre 8-26to 9-30-99for 36 continuousdays,post8-11to 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 Coolir
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: August1996

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 resul
more closely in line with measured results.
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Reference Type: JournalArticle
Record Number: 15

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

Title: Measured Residential Cooling Energy Savings from Reflective Roof Coatings in Flo
Journal: ASHRAE Transactions

Issue: Paper3788

Pages: 36-49

Keywords: pre & post monitoring, residential testing

Notes: Two houses CocoaBeach Fl slopedroof R-11; CocoaBeachFl sloperoof, no
insulation. Measured air T, insolation, rel humidity, wind speed, inside T, ceiling T, floor
interior rel. humidity, attic T, roof deck T, a/c kWh. Analyzed one week before and one w
aftercoatingwhenweathemwas"very similar". Thermostasetat 78F andprotectecby a

lock box.

Reference Type: Report
Record Number: 19

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

Year: 1993

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

City: Cape Canaveral, FL

Institution: Florida Solar Energy Center

Pages: 34 plusappendices

Date: Februaryl993

Report Number: FSEC-CR-596-93

Keywords: residential testing, pre & post monitoring

Notes: More detailon Parkerpaperfor ASHRAE Transactions.
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Reference Type: JournalArticle

Record Number: 10

Author: Parker, Danny; Barkaszi, Steve

Year: 1994

Title: Saving Energy with Reflective Roof Coatings
Journal: Home Energy

Volume: May/Junel994

Pages: 15-20

Date: May/Junel994

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 surface
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
Report

City: Cape Canaveral, FL

Institution: Florida Solar Energy Center

Pages: 31 plusappendices

Date: Februaryl994

Report Number: FSEC-CR-699-94

Keywords: pre & post monitoring, residential testing

Notes: More detailfor ParkerASHRAE Transactionpaper
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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'sSchool

City: Cocoa, FL

Institution: Florida Solar Energy Center

Pages: 18

Date: Junel996

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-1¢
insulation. MeasuredutdoorT, rel. humidity, insolation,roof surfacerT, roof deck

undersideT, attic T, unconditionechallway T, conditionednsideT, interior rel humidity,

chiller kWh, air handler kwh - all 15 min data. No weather correction made, but used a w
yeareachof pre & postdata.
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Reference Type: ComputerProgram
Record Number: 24

Programmer: Rainer, L.

Year: 1998

Title: REST - Roof Energy Savings Tool
City: Davis,CA

Publisher: NationalCoatingsCorporation
Version: 1.1

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

Keywords: DOE-2 simulation

Notes: Developedoy Leo Rainerof Davis EnergyGroupfor NationalCoatingsCorporation.
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: Sacrament®unicipal 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: Sacramentdunicipal Utility District

Pages: 9

Date: April 13,1995

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

Notes: Laysoutatestplanfor variousbuildingsproposedor white roof testing. Plannedo
monitor 8 plus buildings, measuring outdoor T, energy demand and usage for the a/c sys
andinterior spacer’s.

Reference Type: Conference Proceedings

Record Number: 13

Author: Wilkes, K.

Year of Conference: 1981

Title: ThermophysicaPropertieDataBaseActivities at Owens-Cornind-iberglas

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

Publisher: ASHRAE
Volume: SP28

Pages: 662-677

Date: December 3-5 1979
Keywords: insulation R-value

Notes: Givesequationdo predictfiberglassnsulationconductivityvalueasafunction of
densityandtemperature.
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Reference Type: Report

Record Number: 30

Author: Wilkes, K.

Year: 1991

Title: ThermalModel of Attic Systemswith RadiantBarriers
City: Oak Ridge, TN

Institution: Oak RidgeNationalLaboratory

Date: 1991

Report Number: ORNL/CON-262

Keywords: numerical modeling

Notes: Numerical heat transfer model of the RBSOR (Radiant Barrier Systems - Oak Rid¢
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: August2000

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 goo
agreement between prediction correlation and measured roof surface T's Used special te
calculational model with TMY data to predict heat fluxes in different locations. Some DO|
analysisto predictutility 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: August27,2001
Keywords: measurement, verification

Notes: Approachsampleghe populationandpost-installatiorconductsverification visits at
samplesitesto verify squaregootageretrofitted.Collectsalbedoinformationto compareto
manufacturer data. Data collected by program is then used in conjunction with deemed v
that are a function of the roof insulation levels (R<15 uses 0.4 W/Sq. ft., R15-R25 uses O
W/Sq.ft., R25-R30uses0.2 W/Sq.ft.) to estimatetotal kW savings Adjustmentdo 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 Lo
Reduction Program

City:

Institution: Technical & Ecological Services
Pages: 3

Date: Septembef8,2001

Keywords: remote sensing

Notes: Thisis thevirtually the sameproposalthathasbeenshoppedaroundto 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 areaOs existing thermal profile (thes
images are extremely valuable in showing people how hot standard development practice
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 roo
plusit cannottell uswhattheinitial albedoswvere,whattherooftopinsulationcomposition
is, or how much air conditioned space the roof covers. A thermal image of the entire San
ClaraCountyis alsonot avery productiveway to collectinformationfor only 30 buildings.
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Appendix B,
Omnsiie Amdit and Telephone Survey Form
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