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Executive Summary
The Energy Coordinating Agency of Philadelphia’s Cool Homes Program tested an
innovative approach to addressing the significant heat-related health risks faced by lowincome senior citizens. The project included passive cooling measures such as white roof
coatings, roof insulation and other weatherization-type measures to reduce heat gain into
the participants’ homes. In addition to the measures, an integral component of the
program involved client education on strategies to stay cool and deal with heat waves as
well as referrals to other resources and the creation of a heat wave “buddy system”. The
program was designed to improve comfort and safety without increasing energy costs.
This report provides the findings from the impact evaluation that assessed how the
program treatments affected conditions in the clients’ homes. Separate reports have been
provided that address findings from the process evaluation in greater depth1.
Cool Homes served 375 senior households in Philadelphia over the course of the program
from 2001 through 2003. Ninety percent of these households received an elastomeric
white roof coating, more than 80% received whole house fans, and two thirds received
roof insulation. Roof coating cost an average of $1,500 per home and roof insulation cost
about $750 per home (mostly paid for using funding from other weatherization
programs). Participants were educated about strategies for keeping cool and referred to
other programs and social services as needed.
A sample of 35 homes had small temperature data loggers installed that recorded the
hourly temperatures in the bedrooms, at the bedroom ceiling, and often on the first floor.
The temperature data showed clear patterns of program impacts consistent with
expectations. The white roof coating essentially eliminated the impact of solar heat gain
through the roofs. In homes without bedroom air conditioners, the peak indoor ceiling
temperatures were reduced by about 4°F-5°F on hot days while bedroom air temperatures
declined by about half that amount. The heat gain from the ceiling was reduced by nearly
90% as ceiling temperatures dropped to within half a degree of bedroom air temperatures
and the 2nd floor became similar to the 1st floor temperatures. In addition, the whole
house fans were found to provide about a 2°F average reduction in night time minimum
temperatures. In homes with bedroom air conditioners, the peak ceiling temperature
declined by 2.7°F and the peak air temperature declined by 0.4°F. The smaller air
temperature reduction is expected for an air conditioned room and is consistent with
impacts appearing as usage reductions more than temperature changes. Temperature data
indicated that several air conditioned homes used their air conditioners less frequently
after treatment.
We used building simulation modeling to estimate the impacts of roof coating and
insulation and found that each should provide comparable benefits – an 80%-90%
reduction in heat gain through the roof. These estimates are consistent with our measured
temperature data. The reduction in heat gain should reduce cooling loads by about one
1

see “Cool Homes Program Evaluation – Database Analysis and Qualitative Interview Summary”,
APPRISE, April 24, 2002. and “ECA REACH Cool Homes Program Evaluation – Client Interviews and
Education Observations”, APPRISE, 9/24/02.
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third in a typical rowhouse. For a fully air conditioned house, cooling electric usage is
estimated to decline from 1,736 kWh/yr. to 1,178 kWh/yr. The modeling also indicated
that combining the two treatments provides little incremental benefit in terms of summer
thermal performance, but each approach has distinct and complementary advantages in
other ways. The white roof coating will improve the integrity of the roof and should
substantially extend the life of the roof because of the large reduction in operating
temperatures. The roof insulation will provide substantial heating savings and only costs
about half as much. The combination of treatments provides excellent summer and
winter performance while enhancing the roof and protecting the insulation from potential
moisture damage due to roof leaks. The overall cost effectiveness of the white roof
coating will depend on how the roofing life benefits are valued. ECA has found that 40%
of their clients have roofing problems and the local Home Weatherization Assistance
Program has approved white roof coating as a treatment for homes that need roof repairs.
We analyzed the gas usage in a sample of homes and found average savings of about 89
therms/yr, equal to about 6% of pre-treatment usage. The analysis was based on a small
sample and no comparison group was available, so the results should be considered
approximate. An analysis of pre-treatment electric usage data found that participants
generally had modest electric usage (two thirds used less than 6,000 kWh/yr) and small
air conditioning loads (only one third had estimated incremental summer loads of more
than 1,000 kWh/yr.). Temperature data indicated that some participants apparently
reduced their use of air conditioning after treatment. Post-treatment electric usage data
was not available to assess any potential electric savings.
A review of the available literature on how temperature affects human health suggests
that the temperature reductions achieved by the treatments should have a substantial
effect on the health and comfort of occupants because the reductions occur when
conditions are typically near a critical threshold in the relationship between temperature
and human health -- at temperatures near the body’s skin temperature.
The benefits of white roof coating have led to widespread interest in the technology from
the media, government, corporations, community organizations and individuals. ECA
invested considerable time sharing the design and results of this project with interested
parties through ECA sponsored workshops, regional and national energy and roofing
conferences, and TV and print media (including articles in the Philadelphia Inquirer and
Home Energy magazine). These efforts have resulted in a high level of interest in
replicating the Cool Home approach in other housing and weatherization programs in
Philadelphia and throughout the nation. ECA is currently pursuing a follow-up project to
assess how widespread deployment of the technology in a neighborhood may help reduce
the urban heat island effect and provide neighborhood and regional benefits.
The lessons learned over the course of this pilot project have been critical in the
development of the technology and how it can be used in the future to help reduce heatrelated health risks to seniors, improve roofing integrity and life, while mitigating the
urban heat island effect and help slow global warming.
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Program Background and Description
The Energy Coordinating Agency of Philadelphia (ECA) developed the Cool Homes pilot
proposal and worked with the Pennsylvania Department of Public Welfare to submit a proposal to
the U.S. Department of Health and Human Services under the Residential Energy Assistance
Challenge option (REACH) program. The proposal was funded for program years 2000 through
2003. The program premise was that low income seniors have a higher risk of heat related health
problems because they are more likely to have a vulnerable health status and be socially isolated.
In addition, many people can’t ventilate their homes because their windows are inoperable
because they are painted shut or have broken weight chains. In Philadelphia, these circumstances
are exacerbated because of the prevalence of flat roof rowhouses with black tar roofs which can
lead to overheating of bedrooms immediately below the roof. In addition, many low income
seniors do not use air conditioning as much as they might need because of concerns about being
able to afford their electric bills.
The Philadelphia Cool Homes Program proposed to mitigate these problems by:
!

Measures: Installing white roof coatings, roof insulation, and whole house fans that will
reduce the summer temperatures in the client’s flat roof rowhomes and make it more
affordable to maintain comfortable temperatures in their homes.

!

Energy Management Education: Educating participants about behaviors, such as proper
window and fan use, that will help keep their homes more comfortable in hot weather.

!

Health Management Education: Educating program participants about strategies for
reducing their exposure to heat during periods when parts of their home are above a
comfortable temperature.

!

External Support: Establishing a buddy system that will initiate contact with seniors
during high-risk heat waves.

!

Referral: Leveraging other community resources to furnish additional weatherization
services, public assistance, and/or social services.

The expected outcomes from the Cool Homes Program were:
!

Reduced Indoor Temperatures: Reduction of indoor temperatures without mechanical
cooling and ensuring availability of at least one comfortable room at all times with the
aid of mechanical cooling.

!

Reduced Health Risk: Reduction in the health risk for program participants through the
combined strategy of lowering air temperatures, furnishing at least one comfortable
room, making program participants aware of health management strategies, and making
contacts with program participants during heat emergency periods.

!

Equal or Reduced Energy Consumption: Maintenance or reduction of total energy
consumption in the home, despite the potential addition of cooling equipment for some
homes.

!

Improved Social Contact: Enhanced social connections for program participants.
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Implementation
Program planning occurred in late 2000 and early 2001 while contractual issues were addressed.
ECA began delivering program services in the summer of 2001. Throughout the pilot, ECA
revised the program design based on field experience and evaluation feedback. These revisions
included better leveraging of other resources, reordering assessment and education activities to
enhance the client’s ability to understand and retain cooling and health management strategies,
and rethinking the targeting procedures in the context of resource limitations, recruitment
challenges, and staff capabilities. One of the issues uncovered during early implementation was
the difficulty in identifying participants who met all of the initial target criteria – particularly
socially isolated seniors and homes without air conditioning. ECA worked to maximize
recruitment of the target customers but most participants in the pilot would not be characterized
as socially isolated and about 90% had at least one window air conditioner.
ECA delivered the energy measures and basic energy education over three years including
contacting program participants during heat emergencies. Education staff conducted follow-up
education with program participants during 2003 to ensure that they understood the procedures
needed to keep their homes cool (particularly fan strategies) and address health issues during
periods with excessive heat.
Program Treatments
The three year pilot served 375 senior households in Philadelphia. The primary treatments
included white roof coatings, roof insulation, and whole house fans. Additional cooling-related
measures were performed as needed (e.g., repairing inoperable windows, adding security bars) as
part of Cool Homes. ECA’s role in delivering many other local energy and housing programs
allowed participants to receive a range of services while maintaining REACH funds for coolingspecific treatments. Roof insulation and other weatherization treatments and repairs were mostly
performed by ECA using funds from other weatherization and home repair programs. Table 1
summarizes the installation rates and costs of the main treatments.
Table 1. Program Measure Installations and Costs
Measure

Installations
# units
% units

Average Cost $/unit
when done program

Cool Home Treatments:
White Roof Coating
Fans
Other Cooling Work: repairs, education, etc
Cool Home Program Total

338
314
355
375

90%
84%
95%
100%

$1502
$51
$187
$1573

$1354
$43
$177
$1573

Roof Insulation*
Total Cool Home + Insulation

246
375

66%
100%

~$750

$492
$2065

Electric Baseload Measures:
Lighting (avg. 4 bulbs/unit)
241
64%
$48
$31
Refrigerator Replacement
5
1%
$560
$8
Total Electric Baseload
241
64%
$60
$38
* Roof insulation costs were estimated based on average costs for CWP-funded roof insulation jobs because HWAPfunded roof insulation costs in ECA’s tracking system only include materials.
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Of the 375 participants, about 10% did not receive the white roof coating because they either
refused (usually their existing roof was under warranty), the extent of needed roof repairs was too
great (although about 20% of roofs did receive repairs), or they were no longer living at the
home. About one third of the homes did not receive roof insulation because of extensive roofing
problems or already fully insulated roof cavities. The white roof coating involved two coats for
each job and cost an average of $1502 per home treated – about double the cost of roof insulation
work. The combined cost of Cool Home plus insulation treatments exceeded $2000 per home.
Figure 1 shows the number of completions for each of the major treatments over the three years
of the program. The figure shows that many homes received roof insulation in 2001 but didn’t
receive roof coating until 2002. A significant number of roof coating jobs were not completed
until 2003.
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Figure 1. Monthly Production for Major Treatments
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In addition to the “hardware” treatments, education on home cooling and hot weather health
management was provided to all participants. Extensive contacts were made with program
participants during heat emergencies throughout the program. In the summer of 2004, ECA
redesigned the Cool Action Plan (see attachment A) and Cool Questionnaire (attachment B)
based on feedback from the process evaluation. The Cool Action Plan was redesigned to include
a picture of a row house using a fan to exhaust hot air. This piece was coupled with a new
education focus on fans, fan use and an overall customer cooling strategy that focuses on
appropriate fan usage. The process evaluation found that most customers already had a
reasonable level of understanding of behaviors that helped them stay cool in hot weather.
However, most customers had little understanding of how their homes worked in warm weather,
and less understanding of how fans worked to keep their homes cool in warm weather.
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Evaluation Plan
The program evaluation was been an interactive process between the evaluators and ECA’s
project staff. Blasnik and Associates conducted the impact evaluation and APPRISE Inc.
conducted the process evaluation. The process evaluation addressed the delivery of the program
including field operations, logistics and client education. ECA revised and refined program
procedures in response to feedback. The impact evaluation focused on assessing the direct
program outcomes in terms of indoor temperatures and energy usage.
Temperature Impact Analysis
The primary direct impact of the major program treatments should be a reduction in 2nd floor
bedroom temperatures. Temperatures were measured and recorded on an hourly basis in a
sample of participants’ homes using HOBO-H8 RH/Temp data loggers. Different configurations

Figure 2. Data Logger Placement Protocol
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of loggers were used in different homes, but all loggers focused on measuring the temperature in
the main bedroom at mid height and most homes included measuring the bedroom ceiling
temperature. The ceiling temperature sensor was placed at the intersection of the ceiling and an
interior wall for aesthetic reasons. This placement should lead to lower recorded temperatures
than an actual mid-ceiling measurement would record due to effects of the wall. In some houses,
first floor temperature or roof cavity temperatures were also logged. ECA staff installed loggers
during an initial site visit before any treatments were performed and field educators periodically
downloaded the data. The logger placement protocol sheet used by ECA is shown in Figure 2.
A small sample of initial data logging was performed in the summer of 2001 to record pretreatment conditions and refine the data logging approach. In 2002, 29 homes scheduled to be
treated that summer were data logged and 6 homes were logged and scheduled for later treatment.
In 2003, 27 of the previously logged homes had additional temperature logging to record posttreatment conditions. We obtained hourly weather data for the Philadelphia Airport from the
National Climatic Data Center.
The temperature impact analysis plan focused on assessing how the program treatments affected
the bedroom air and ceiling temperatures. Ceiling temperatures were expected to be most directly
affected by the white roof coating and insulation. The air temperature impacts would be smaller
and more variable given the presence of air conditioners and fans. A variety of graphical and
statistical methods were used to assess how the program treatments affected these temperatures.
Energy Usage Analysis
One objective of the pilot program was to reduce or at least maintain energy usage at pretreatment levels while improving indoor comfort conditions. We planned to collect data from the
local electric and gas utilities.
We were unable to secure the participation of the local electric utility in providing electric usage
histories for the participants. Instead, ECA used hard copies of customers’ bills (that included a
year of usage history) to manually enter pre-treatment monthly data. Usage data for periods after
program treatments was not available, but the high proportion of homes that already had air
conditioning implied that electric usage increases from the program should be minimal since air
conditioners were not added to any homes. Electric usage decreases were expected to be
relatively small given that 64% of the homes received lighting retrofits and these homes received
an average of 4 bulbs. Just 1% of homes received a refrigerator replacement because of the very
high replacement threshold used in the electric utility’s usage reduction program. Although we
didn’t have post-treatment data, we still used the available pre-treatment data to characterize the
electric usage patterns of participants – particularly their apparent cooling loads.
For gas usage, the impact evaluator had an existing dataset of usage histories for all Philadelphia
Gas Works (PGW) customers who participated in the Customer Responsibility Program (CRP), a
low-income payment plan. This dataset included monthly usage from late 1999 through April
2003. We were able to find matching usage data for 66 Cool Home participants, 18% of those
served. Many income-qualified senior citizens do not participate in CRP. We analyzed this data
using two approaches. For assessing overall program usage impacts, we performed a standard
pre/post analysis of weather adjusted usage. For assessing the impact of white roof coating, we
used a pooled multiple regression procedure to estimate changes in usage associated with this one
intervention, accounting for the addition of roof insulation separately in the model .
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Cooling Load Modeling
In addition to the temperature and usage analyses, we also performed some building simulation
modeling of the expected impacts of the roof coating in terms of overall building heat gain and
cooling loads. We used a proprietary model that we developed to estimate these impacts. The
model employs a seasonal approach to estimating cooling loads based on monthly solar gain and
TMY2 hourly temperature data. Roof reflectance and an attic heat balance are explicitly
modeled. Seasonal cooling load results from this model have been validated against the
ASHRAE BESTEST standard, which includes a validation test of solar reflectivity impacts on
cooling loads. The model provides an estimate of the air conditioning savings from the white
roof coating and the insulation, assuming that the home had been fully air conditioned. One of
the reasons for performing this modeling is to assess the relative impacts of the two major
treatments separately and together.
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Temperature Impact Analysis
We began the temperature data analysis by graphing the data for each site to look for patterns and
anomalies. We found several cases where the data were clearly incorrect (e.g., 130°F in the
bedroom) and several sudden changes that indicated that a temperature sensor had been moved or
fallen off the ceiling. We removed periods with clearly erroneous or suspect data. Four of the 35
data logged sites were completely removed.

Graphical Analysis of Temperatures
Figure 1 shows the bedroom air and ceiling temperatures for the 11 sites with pre-treatment data
during an early July 2002 heat wave. The black line shows the air temperature at mid-height, the
thicker gray line is the ceiling temperature, and the thinner and lighter gray line is the outside
temperature. Each site’s graph is labeled by a house ID code and the location of air conditioning.
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Figure 3. Pre-Treatment Temperature Profiles: some data from early July 2002 heat wave
note: black line = bedroom air, thick gray line=ceiling, thin lighter gray line= outdoor
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The figure shows a few different patterns that can mostly be explained by the presence or absence
of air conditioning. Houses AC01, AC06, AC08, AC09 and AC10 show similar patterns with
clear diurnal temperature cycles and a generally upward temperature trend over the heat wave.
Sites AC06 and AC08 are nearly identical and both had air conditioners only in other bedrooms
and a shaded western exposure. Ceiling temperatures exceeded 100°F by the last day of the heat
wave for these sites. Sites AC01 and AC10 had bedroom temperatures in the 90’s during the day
even though they had room air conditioners, but their nighttime temperatures were much lower
than the sites without air conditioners in the bedroom, implying that they air condition only at
night. Site NAC1 is reported to have no air conditioning, but the flattened temperature peaks
imply some cooling may be present.
Sites with more extensive use of air conditioning had a variety of patterns. Site AC11 shows
heavy cooling use at night and then the temperature floats upward to a much higher set point
(about 86°F) in the day time. Site AC07 shows a unique pattern of downward temperature spikes
to the mid or low 70’s in the daytime gradually rising and leveling off near 80°F at night. This
profile indicates that the air conditioner was running continuously during the daytime (perhaps set
at “max”) and then was set up a little higher where it reached thermostatic control in the night.
AC04 has somewhat higher temperatures than AC07 but also a flatter pattern, implying that the
air conditioner may be cycling thermostatically most of the time at a relatively high set point.
AC12 was somewhat similar to AC04 in terms of the minimal diurnal cycles, but the
temperatures were higher and trending upward. This result would be consistent with heavy air
conditioner use in other bedrooms that almost cools the entire top floor, but prolonged heat waves
still lead to rising temperatures in the room without the air conditioner.
Two Home Side by Side Comparison
The similarity of sites AC06 and AC08 and the fact that AC06 had it’s roof coated on July 10th
while AC08 was coated July 16th allows for a graphical assessment of the treatment impacts.
Figure 4 shows the bedroom air temperatures for both of these sites along with the outdoor
temperatures (dotted line) from just before to just after both received roof coating. Site AC08 is
the bolder line.
The graph shows that the two bedrooms had very similar temperature profiles prior to the roof
coating, with site AC06 slightly hotter than AC08. Once AC06 is coated (at first vertical line),
it’s bedroom temperature drops to well below that of AC08 (both temperatures drop because of
cooler outdoor temperatures). When AC08 is coated (second vertical line) the temperatures
become similar again and both are cooler than before. The impact from the roof coating is clearly
apparent from this graph. Although the outdoor temperatures were cooler during the week of
interest, potentially skewing results, the similarity in temperature patterns before and after both
were treated provides convincing evidence of the treatment impact.
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HOUSE #6 in the pre-treatment
phase, a little hotter than house #8

Houses behave similarly
when both are treated
Treatment Impact: The day
after roof coating, house #6
(thin line) never reaches the
high that #8 does

HOUSE #8

Coated house stays cooler
than uncoated house

#6 Roof Coated

7/7
7/9
date/time

7/11

#8 Roof Coated

7/13

7/15

7/17

7/19

Figure 4. Roof coating impacts with similar homes treated one week apart: bedroom
temperatures of houses AC06 and AC08
note: horizontal grid lines indicate temperatures of 70, 80, and 90°F

Pre/Post Graphic Comparisons
Another graphical approach for assessing temperature impacts involves simply plotting the
temperatures during heat waves from before and after program treatments. We defined a heat
wave as a period of three or more days with daily maximum temperatures greater than 90°F and
the prior day’s maximum exceeding 88°F. To make the comparisons more useful, we selected
six houses where the same heat waves could be used for pre and post periods, shown in Figure 5.
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Figure 5. Temperature profiles: pre and post treatment
houses with June 25-28 2002 pre-treatment and July 5–8, 2003 post treatment data
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The graphs mostly show noticeable reductions in peak bedroom air temperatures (black lines) and
especially ceiling temperatures (thick gray lines). The changes are more noticeable for sites
without bedroom air conditioning. It appears that sites AC01 and AC03 used their air
conditioners less frequently during the post treatment period, particularly at night for AC03.
This finding has implications for the temperature impact analysis. Although these graphs may be
interesting to examine and interpret, it is fairly difficult to discern how much bedroom air
temperatures may have declined from the treatments given the diurnal swings, differences in
outdoor temperatures between the periods, and the presence of air conditioning at some sites.
One noticeable feature in Figure 5 is a substantial change in the difference between the ceiling
and air temperatures – the two temperatures are almost indistinguishable in the post treatment
period for most houses. This observation makes sense – the white roof coating and roof
insulation should dramatically reduce the level of heat gain through the ceiling. Before treatment,
solar gain on the roof conducts (and radiates) into the attic which conducts through the bedroom
ceiling making it warm. The hot ceiling heats the bedroom, raising the air temperature of the
room as well as its mean radiant temperature. If the treatments dramatically reduce the solar gain,
then the ceiling temperature should drop to a level close to the room temperature, indicating little
heat gain through the attic. In fact, the rate of heat gain from the roof/attic into the house is
proportional to the temperature difference between the ceiling and the room. Specifically, for
heat transfer downward from a horizontal surface, the rate of heat transfer (Btu/sq.ft.) equals 1.08
times the temperature difference. This equation could be used to estimate the overall heat gain
from the ceiling into the room. However, the temperature sensor location at the ceiling/wall
intersection implies that this calculation would understate the level of heat gain.
Ceiling/Air Temperature Differences: A Heat Gain Graphic
We explored the relationship between ceiling and air temperatures in greater detail by directly
graphing the difference in the temperatures for the same sites and time periods as Figure 5. These
graphs are shown as Figure 6. Positive temperature differences – indicating that the ceiling is
warmer than the room -- are shaded a dark gray to graphically represent the relative amount of
heat gain from the attic to the bedroom. The graphs show a dramatic reduction in heat gain.
Before treatment, ceilings peak temperatures are typically about 4°F hotter or more than room
temperatures and as high as 9°F hotter. After treatment, the temperature differences are generally
about 1°F and often 0°F. The remaining temperature difference may be partly explained by
changes in the air conditioning setting which would cause room temperatures to drop more
quickly than ceiling temperatures and is often small enough to be within the potential
measurement error of the sensors. This graph clearly demonstrates the effectiveness of the
program treatments at reducing heat gain from the roof/attic.
Some of the observed variation in the pre-treatment ceiling/air temperature differences is due to
the varying use of air conditioning and some should also be expected by varying amounts and
quality of existing attic insulation. Although data logged sites were pre-screened to avoid already
insulated attics, the closed flat roof cavities are difficult to inspect and some houses had at least
some existing insulation.
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Figure 6. Ceiling minus air temperatures: pre and post treatment
the dark shaded area above 0 represents the amount of heat gain from the attic/roof
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Daily Maximum Indoor and Outdoor Temperature Graphs
In order to explore the treatment impacts over a wider range of sites which tend to have data for
varying treatment periods, we pursued other graphical approaches. Figure 7 and Figure 8 show
the maximum daily bedroom air temperature plotted against the maximum daily outdoor
temperature for all days where outdoor temperatures exceeded 90°F. The circle fill color
illustrates the roof color (black = pre-coating) and the sloping line indicates equal temperatures.
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Figure 7. Maximum daily air and outdoor temperatures: no A/C in bedroom
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Figure 7 shows houses with no air conditioning reported in the bedroom. The maximum indoor
and outdoor temperature correlate well for many houses with indoor temperatures close to
outdoor, but some sites (AC12, AC21 and ACC4) suggest apparent air conditioning. The figure
also shows that temperatures declined after treatment for most sites – the white circles are
generally below the black circles. Peak bedroom temperatures were often in the mid 90s or
higher. Figure 8 shows the results for sites with air conditioning in the front bedroom.
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Figure 8. Maximum daily air and outdoor temperatures: with A/C in bedroom
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Most air conditioned homes had considerably lower indoor temperatures due to the air
conditioning, but many still had peak bedroom temperatures in the 90s. Sites AC04, AC07,
AC11, and AC15 have the most obvious and consistent cooling, showing little relationship
between indoor and outdoor temperatures. Several of the other sites resemble homes without
cooling. Most of the air conditioned sites show some apparent treatment effects.
Figure 9 and Figure 10 show the same relationships between daily maximum temperatures except
the bedroom ceiling temperature is used instead of the air temperature.
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Figure 9. Maximum daily ceiling and outdoor temperatures: no A/C in bedroom
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As expected, the treatment impact is more pronounced on ceiling temperatures since the
treatments directly affect heat gain through the ceiling and therefore only indirectly affect air
temperatures. The ceiling temperature treatment impact in air-conditioned houses appears almost
as clearly as among houses without bedroom air conditioning. This finding implies that the
impact of program treatments may appear as indoor temperature reductions in houses without air
conditioning in the bedrooms, but could appear as either temperature reductions or cooling load
reductions in the air-conditioned houses.
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Figure 10. Maximum daily ceiling and outdoor temperatures: with A/C in bedroom
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First Floor Temperatures
We also examined the first floor temperature data to explore potential program impacts. Most
houses had air conditioners on the first floor which can obviously obscure potential impacts. One
house – site NAC1 -- had no air conditioning on either floor and also had data from before and
after the roof coating. Figure 11 shows the 1st and 2nd floor temperatures for that site covering the
period before and after the first roof coating.
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Figure 11. 1st and 2nd floor temperatures pre and post coating site NAC1
The figure shows that the second floor was much hotter than the first floor, especially during hot
days before the roof was coated. After the roof coating, the two floors had similar temperatures.
This finding is consistent with a substantial reduction in 2nd floor heat gain – after the roof coating
it became similar to the first floor in terms of heat gain and temperatures. The level of the first
floor temperatures appeared relatively unaffected.

Quantitative Assessment of Temperature Impacts
Although the graphs of the preceding section indicate that the treatments are affecting the indoor
temperatures, they are a qualitative rather than quantitative assessment of treatment impacts.
Statistical analysis of the temperature data for different treatment periods within and between
sites is needed to provide a quantitative assessment of treatment impacts.
Raw Daily Temperature Summaries
Examination of the maximum temperature graphs led to the first approach used to statistically
summarize the treatment impacts. We calculated the daily minimum, maximum, and average for
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each temperature at each site including the corresponding outdoor temperature. Each day’s
indoor air and ceiling temperatures were subtracted from the corresponding outdoor temperature
summary to measure how much cooler (or hotter) the indoors was compared to the outdoors.
Next, all days with outdoor maximum temperatures cooler than 90 degrees, or with the prior day
cooler than 88 degrees, were removed to focus the analysis on hot days. The temperature
difference summaries (indoor/outdoor difference in minimum, maximum, and average
temperatures) for the remaining hot days were then averaged for each site and each roof coating
treatment status (ignoring the few days where insulation or fan treatments had been done but not
roof coating). The net impact of the treatments for each site was then calculated as the change in
the in/out temperature difference between the pre-treatment period and the final post-treatment
period. Table 2 shows the results of this analysis.

Table 2. Raw Change in Indoor/Outdoor Temperature Differences after treatment

Air Conditioning Status
no A/C in bedroom (n=17)
with A/C in bedroom (n=13)

Change in Tin-Tout between pre and post (positive = cooler)
Maximum
Average
Minimum
Temperature
Temperature
Temperature
Ceiling
Air
Ceiling
Air
Ceiling
Air
3.3
1.3
2.8
1.9
1.9
2.2
2.7
0.2
1.5
-0.5
0.5
-1.1

The table shows that, in 2nd floor bedrooms without air conditioners, the daily maximum ceiling
temperature dropped by an average of 3.3°F after roof coating and the maximum air temperature
dropped by an average of 1.3°F. For minimum temperatures, the air temperature actually
appeared to decrease more than the ceiling temperature, perhaps due to the use of program
supplied whole house fans at night (although not all post-treatment data was post-fan data).
The change in temperatures was smaller in bedrooms with air conditioners, particularly for the air
temperature. The average and minimum air temperatures actually increased after treatment for
the air conditioned bedrooms. This apparently anomalous finding is consistent with the prior
graphical observations (see Figure 5) that some air conditioned bedrooms appeared to use less air
conditioning after the treatments, perhaps due to improved comfort levels without cooling.
The results in Table 1 show some treatment impacts but have two substantial drawbacks. First,
the difference between the indoor and outdoor temperatures can vary with the outdoor
temperature – a 98°F day may have a different temperature difference than a 92°F day. The
maximum temperature graphs revealed many cases where the relationship appeared inconsistent.
This drawback would not be of much concern except that the pre and post periods had fairly large
differences in the intensity of the heat waves. During the pre-treatment period, the average
outside temperature (for days hotter than 90°F) was 95°F, but it averaged 93.3°F in the post
treatment period. This difference makes the results of the simple averaging method questionable.
The second problem with the simple averaging approach is that we needed to define single pre
and post treatment periods. We used the roof coating to make this definition, combining post roof
coating periods that had differing treatment statuses on insulation and fans. It would be better to
estimate the impact of each treatment separately to the extent possible.
Regression Analysis of Temperature Data
To address both of the problems with the simple averaging approach, we used regression analysis.
The advantage of regression modeling is that it can account for multiple factors of interest, such
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as outdoor temperatures and prior day temperatures, while estimating the separate and combined
effects of different treatments such as fans, roof coating, and insulation.
We used a pooled regression modeling approach with the houses acting as fixed effects. We
explored a variety of modeling approaches and found the most consistent and reliable estimates
when modeling the difference between the outdoor and indoor temperature (whether ceiling or
air) and including the maximum daily temperature and the prior day’s maximum temperature as
explanatory variables. Treatment effects were estimated by including indicator variables for the
status of insulation work, roof coating, and whole house fan. We also included an interaction
term to indicate that both the insulation and the roof coating were complete to account for their
expected non-additive effects (i.e., one would expect a much larger effect from whichever
occurred first and the sum of the two effects to be smaller than their separate impacts summed).
We restricted the model to hot days (as defined previously, days with t-max>90°F and prior day’s
t-max>88°F). There were relatively few cases where we had hot weather data covering each of
the treatment combinations for insulation and roof coating. These treatments often occurred in
rapid succession without a heat wave in between or did not occur during the same summer. This
lack of data made it difficult to estimate the separate effects of the coating and the insulation, but
we found more stable estimates from summing the effects of the insulation, roof coating and their
interaction. This approach provides an estimate of the combined effects from insulation plus roof
coating when both are done and so can be expected to be larger than the simple average summary
results which include average effects for houses that did not all receive roof insulation. We did
have sufficient data with and without fans to estimate a separate fan effect.
The results of the regression analysis are summarized in Table 3.
Table 3. Treatment Impacts: regression modeling results
Temperature Reduction °F
Daily Max Daily Average
Daily Min
No Bedroom Air Conditioner:
Ceiling – Full Treatment Effect

4.8

3.5

1.8

-Coating & Insulation Effect
-Fan Effect

4.7
0.0

2.9
.6

0.6
1.2

Air - Full Treatment Effect

2.5

2.6

2.1

-Coating & Insulation Effect
-Fan Effect

2.4
0.1

1.6
1.0

0.1
2.0

2.7

1.6

0.4

1.9
0.8

1.1
0.6

0.3
0.2

Air - Full Treatment Effect

0.4

-0.2

-1.1

-Coating & Insulation Effect
-Fan Effect

-0.2
0.6

-0.9
0.7

-1.9
0.8

With Bedroom Air Conditioner:
Ceiling – Full Treatment Effect
-Coating & Insulation Effect
-Fan Effect

The regression analysis finds noticeably larger temperature impacts for bedrooms without air
conditioning than the prior simple averaging method in Table 2. The full set of program
treatments is estimated to reduce the maximum ceiling temperature by 4.8°F in bedrooms without
air conditioners. This impact translates to going from being about equal to outside temperature
maximums to being nearly 5°F cooler than outdoor temperature maximums. On a 95°F day, the
surface temperature drop from about 95°F to about 90°F represents a dramatic reduction in heat
gain to the room as well as a dramatic improvement in mean radiant temperature conditions for
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comfort. The reduced ceiling temperature created a reduction in maximum room air temperature
about half as large. The combined changes in air and radiant temperatures can be expected to
dramatically improve an occupant’s ability to cool off by losing heat to their surroundings. As
one should expect, fans had virtually no effect on maximum temperatures, but a substantial effect
on minimum temperatures – reducing night time minimum room temperatures by an average of
2°F. These minimum temperatures can also be an important factor for occupant health.
For bedrooms with room air conditioners, the regression results are quite similar to the simple
averaging method. Ceiling temperature reductions are still noticeable, but smaller than for
bedrooms without air conditioners. Air temperature reductions are estimated to be either
negligible or negative. Again, this result appears to arise from occupants reducing their use of the
air conditioner in the post-treatment period. The estimated break out of effects between measures
is particularly suspect for the air conditioned bedrooms – the uncertainty in the separate treatment
estimates is often greater than 100%.
Impacts on Heat Gain: Ceiling/Air Temperature Differences
We also used regression analysis to estimate the impact of treatments on the difference in
temperature between the ceiling and the air. As noted previously, this temperature difference is
proportional to the rate of heat gain into the bedroom through the roof/attic. The analysis found
that program treatments reduced the maximum temperature difference by 2.5°F in bedrooms
without air conditioners, equal to an 88% reduction in the average pre-treatment maximum
temperature difference of 2.9°F. In other words, the program treatments are estimated to
reduce peak heat gain from the attic into the house by nearly 90%.
In bedrooms with air conditioners, the reduction was 2.2°F, equal to a 67% reduction in the
average pre-treatment temperature difference of 3.3°F. The air conditioned bedrooms should be
expected to have a greater remaining temperature difference (and smaller percentage change)
because the air conditioner cools the air, only indirectly cooling the ceiling.
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Cooling Load Modeling
We performed building simulation modeling of the expected impacts of the roof coating and
insulation treatments using a proprietary model that incorporated solar gain (using Philadelphiaspecific average monthly solar gain factors), attic ventilation, house/attic air exchange, and
conduction between the attic and the outside and between the attic and the house. The model
algorithms were validated using ASHRAE BESTEST protocols, which include a test of the
impact of reflective surfaces on cooling loads. The model results were well within the acceptable
range of results in terms of absolute loads and changes in loads from building reconfiguration.
The modeling provided estimates of attic temperatures for a typical (not peak) summer cooling
day and seasonal building cooling loads assuming that the building were fully air conditioned.
The results of this modeling are summarized in Table 4.
Table 4. Building Load Modeling Results
Treatment Status
Baseline

Coated

Insulated

Coated &
Insulated

5.0

0.9

0.8

0.2

Building Cooling Load (MBtu/yr)

14.9

10.9

10.7

10.1

Air Conditioning Usage (kWh/yr)

1,736

1,264

1,250

1,178

106°

89°

110°

91°

0%

82%

84%

97%

Energy Savings vs. Baseline (kWh/yr.)

0

472

486

558

Gas Heat Savings (therms/yr.)

0

not modeled

197

not modeled

Model Output:
Heat Gain: Attic (MBtu/yr)

Attic Temperature (typical day avg.)
% Reduction in attic heat gain vs. Baseline

The baseline modeling indicated heat gain through an uninsulated black tar roof/attic is
responsible for about 5 MBtu/yr of cooling load, equal to one third of the total cooling load of a
typical rowhouse. The remaining loads are about one third from window gains, one third from
infiltration (including latent loads), and the remaining third from internal heat gains plus wall
conduction. The addition of white roof coating (assumed to reduce roof absorption from 90% to
27%) should reduce attic/roof heat gain by 82% and reduce air conditioning requirements by 472
kWh/yr. Attic insulation has an almost identical effect on cooling loads as roof coating. The
combination of the two treatments provides a small incremental cooling load reduction – saving
less than 100 kWh/yr over either treatment alone. The heat gain reduction estimated by the
modeling is similar to the 88% reduction estimated from the analysis of ceiling and air
temperatures previously.
White Roof Coating, Insulation, or Both?
The main finding from the building simulation modeling is that either treatment provides a
dramatic reduction in heat gain from the attic/roof and therefore the combination can provide

ECA Cool Homes REACH Project Impact Evaluation
M. Blasnik & Associates November 5, 2004

Page 24

little incremental cooling load benefits. However, each treatment has other effects that can be
complementary.
The white roof coating reduces attic temperatures dramatically while insulation would actually
increase attic temperatures a little. The white roof coating not only provides immediate benefits
in terms of the integrity of the roof, but also leads to a dramatic reduction in the roof operating
temperature which should significantly extend the life of the roof. Roof leaks are not just a major
problem and expense for Philadelphia homeowners, they are also a major concern for
weatherization programs. Programs often must expend considerable resources on roof repair and,
for houses where they don’t make repairs, often wonder about how potential future roof leaks
may substantially degrade roof insulation performance. ECA has found that approximately 40%
of all low-income clients they serve have roofing problems. White roof coating can provide
substantial housing benefits and may also serve to protect the integrity of the roof insulation. The
primary advantage for roof insulation is that it provides substantial winter heating savings,
estimated at 197 therms/yr by the building simulation model. In contrast, the white roof coating
could be expected to increase heating loads if no insulation is present or have a negligible impact
if the attic is insulated (no modeling of this effect was performed).
In terms of measure longevity, there is no clear “winner” since the white roof coating may get
dirty over time but the insulation performance could be severely compromised if the roof leaks.
The combined treatment approach provides both the winter and summer performance benefits
while protecting the insulation from potential problems due to roof leaks. The key question is
whether the roofing benefits are significant enough to be worth the substantial added cost of the
white roof coating.
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Energy Impacts
One of the objectives of the Cool Homes pilot was to improve comfort while keeping energy
usage at or below pre-program levels. The evaluation sought to assess the gas and electric usage
impacts of the program.

Gas Usage Analysis
We obtained monthly gas usage data from Philadelphia Gas Works for 66 participants using a
pre-existing usage data file from an evaluation of the PGW CWP program. The analysis focused
on two primary evaluation questions:
!

what are the overall gas impacts of the full set of Cool Home and weatherization
treatments provided to the participants? and,

!

what, if any, impact did the white roof coating have on heating energy usage?

For assessing the overall impact of the Cool Home and weatherization treatments, we identified
pre and post treatment periods for each home based on all of the Cool Home and weatherization
treatment dates. We then weather adjusted the usage for each treatment phase at each home using
a heating degree day regression procedure (base 60°F). We had no comparison group for this
analysis, so the results are a rough indication of impacts. The analysis found average gas savings
of 89 therms/yr. for the 42 homes with reliable results. These savings equal 6.4% of the pretreatment average usage of 1,380 therms/yr. Savings were slightly higher at 96 therms/yr for the
29 of these homes that received attic insulation. The lack of a comparison group, high level of
variability, and small sample size make these results tentative at best. Still, the savings are
considerably lower than the theoretical savings from the insulation, but are generally consistent
with the savings from CWP program evaluations (we are not aware of any HWAP impact
evaluations).
For assessing the impact of white roof coating on gas heating usage, we used a pooled time series
cross-sectional regression approach to account for the impacts of the multiple program
interventions. In this approach we modeled the average daily usage as a function of average
degree days per day and interacted post-treatment indicator variables with the degree day variable
to estimate heating savings from insulation and roof coating separately. We had relatively little
winter usage data where only one treatment or the other had occurred, so the results should be
considered with caution. The analysis estimated that the insulation saved approximately 100-120
therms of gas per year on average (based on 40 houses with sufficient pre and post data) and that
white roof coating had no statistically discernible effect on these savings. The “best” estimate of
the roof coating effect was a 13 therm/yr increase in gas usage, but this value had an uncertainty
of ±250% (based on 21 houses which had at least some winter data where only one or the other
treatment was done). These results are consistent with expectations since the heat loss through an
insulated attic should be quite small and therefore changes in the temperature of the roof should
have little if any effect on overall heating usage.

Electric Usage Analysis
As described previously, we were unable to secure the participation of the local electric utility in
providing electric usage histories for the participants. Instead, ECA performed manual data entry
based on copies of customers’ bills that they made during the program. Usage data for periods
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after program treatments was not available. Still, we used the pre-treatment data to characterize
the electric usage patterns of participants – particularly their apparent cooling loads.
We weather adjusted the electric usage data using a heating and cooling degree day adjustment
procedure. The basic algorithm involves identifying baseload periods (based on weather data) to
estimate the baseload usage and then subtracting this baseload usage from the summer and winter
meter readings (on a per day basis). The results estimated “heating” and “cooling” loads are then
used to estimate the heating and cooling usage per degree day (using base 60°F for heating and
72°F for cooling). Any negative heating or cooling loads are reclassified as baseload and the
procedure repeated. The resulting estimates of heating and cooling slopes are then adjusted to a
typical weather year based on long term weather data. This algorithms results in estimates for
annual baseload, “heating”, and “cooling” loads. The heating and cooling are in quotes because
the estimates are really for how much usage appears to increase in the winter and the summer and
not an estimate of space conditioning per se. For example, a typical home with no air
conditioning at all would tend to have a cooling load estimate that may reflect the use of fans,
seasonal refrigerator usage variations, and potentially things like dehumidifies. The heating load
estimate would include seasonality in lighting usage, the gas furnace fan, etc. Therefore, these
estimates are really an estimate of seasonal loads. With these caveats in mind, we found the
following usage break-outs for the 47 participants with sufficient data to analyze:
!

The average annual electric usage was 5,723 kWh, with two thirds of participants using
less than 6,000 kWh and 17% using more than 8,000 kWh.

!

The average annual “cooling” load was 823 kWh, with only one third of participants
using more than 1,000 kWh and just 6% using more than 2,000 kWh. Air conditioning
usage is clearly very modest for the vast majority of participants.

!

The average annual “heating” load was 487 kWh – consistent with furnace fan usage and
seasonal lighting. Just 1 in 47 participants had estimated heating usage above 2,000
kWh.

The electric usage of Cool Home participants was quite modest and very few homes had any
significant air conditioning loads. The pre/post temperature profile analysis and the summary of
raw temperature data suggest that air conditioner usage may have declined in the post-treatment
period. We would expect, combined with the expected impacts from lighting retrofits and a few
refrigerator replacements, that average electric usage declined by perhaps 5%-10% after the
program. The lack of post-treatment data precludes any definitive measurement to support this
estimate.

ECA Cool Homes REACH Project Impact Evaluation
M. Blasnik & Associates November 5, 2004

Page 27

Comfort and Health Impacts
This evaluation did not include any direct assessment of the health of participants and did not
involve the participation of health professionals with expertise on heat stress. However, a basic
review of comfort principles and survey of related literature suggests that the temperature impacts
found from the Cool Home treatments could have a major impact on the potential for heat stress
and health impacts during heat waves.
Three primary factors contribute to comfort: air (or ambient) temperature, surface (or radiant)
temperature and humidity. Mean radiant temperature is an average of the temperatures of all of
the surfaces in a room weighted by their “view” to the object/person in question. The surfaces in
a room exchange heat with the occupants via radiation. The human body’s skin temperature
averages about 93°F so ceiling temperatures greater than 93°F heat the occupant while
temperatures below 93°F allow an occupant to cool via radiation. In situations where occupants
can’t cool down sufficiently, their body temperature increases and heat-related health problems
can occur. When considered from a temperature difference perspective, one can see how a 2°F
change in ambient conditions coupled with a 4°F change in radiant temperature could lead to a
dramatic change in a person’s ability to regulate their body temperature when the ambient
conditions are near the average skin temperature.
Studies of mortality rates and outside temperature have found that mortality can increase rapidly
above a certain threshold temperature as illustrated in the figure reproduced below.
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Statistical analysis of mortality and temperature data have found that the threshold temperature is
typically around 92°F for humid summer climates like Philadelphia2. Models of mortality rates
and temperature suggest that mortality increases by about 1% per degree for temperatures in the
upper 80s, then increases by 2% per degree for temperatures near 90 and increases by 5% per
degree for temperatures in the mid 90s and continuing to rise rapidly above that threshold. The
rate of increase is considerably larger for more elderly populations (e.g., people in their 90s).
The concept of a threshold temperature in the low 90s and rapid increases in mortality as
temperatures rise above that level reinforces the value of a 4°-5°F reduction in ceiling
temperatures and a 2°-2.5°F reduction in air temperatures. Changes of this size during typical
heat waves can tip the balance from one side of the threshold temperature to the other –
potentially making the difference between severe heat-related health problems such as heat stroke
and even death and just very warm conditions.

2

for a much more detailed overview of the research, see Kalkstein, L. S., and K. M. Valimont. 1987.
Climate effects on human health. In Potential effects of future climate changes on forests and vegetation,
agriculture, water resources, and human health. EPA Science and Advisory Committee Monograph no.
25389, 122-52. Washington, D.C.: U.S. Environmental Protection Agency. Also available at
http://www.ciesin.org/docs/001-338/001-338.html
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Other Program Impacts & Dissemination of Results
The Cool Home pilot has demonstrated that heat gain through attic/roof assemblies can be
essentially eliminated by white roof coating and roof insulation, making bedrooms in
Philadelphia flat roof rowhouses much more comfortable and safe for elderly occupants. The
building simulation modeling indicated that roof insulation alone could provide essentially the
same cooling benefit as the white roof coating at a substantially lower cost. However, a key
advantage of the white roof coating is its impact on the integrity of the roof. In addition to
providing immediate improvements, the coating should significantly extend the life of the roof,
protecting the house and the roof insulation.
Beyond its impacts on a single home, if widely adopted, the white roof coating could potentially
have an impact on the overall urban heat island effect that makes many urban neighborhoods
experience considerably hotter temperatures than areas with more shading and/or lower albedo
(i.e., better reflectivity). Indeed, ECA is currently pursuing follow-up projects aimed at treating
entire blocks and neighborhoods in an attempt to measure this effect.
The combined benefits of white roof coating have also led to widespread interest in the
technology from the media, government, corporations, community organizations and individuals.
ECA invested considerable time sharing the design and benefits of white roof coating to
interested parties through ECA sponsored workshops, regional and national energy and roofing
conferences, TV and print media (including articles in the Philadelphia Inquirer and Home
Energy magazine), and the ECA newsletter. These efforts have resulted in a high level of interest
in replicating the Cool Home approach in other housing and weatherization programs in
Philadelphia and throughout the nation.
The lessons learned over the last three years have been critical in the development of this
technology and how it can be used in the future to help mitigate the urban heat island effect and
help slow global warming.
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Attachment A: Cool Home Action Plan
ECA’s “Cool Home Action Plan” is reproduced below.
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Attachment B: Cool Home Questionnaire
ECA’s Cool Home Questionnaire is reproduce below.
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