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Floor area :1200m?
Number of stories 12

Image source: Ecipark Office Building. https://
jnmrad.com/21-delightful-two-story-building/
ecipark-office-building-two-story/

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 01

LOW-RISE OFFICE BUILDING WITHOUT

ROOF INSULATION

R A""l (e

JOCEN NRARAEY AR TS

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris



https://jhmrad.com/21-delightful-two-story-building/ecipark-office-building-two-story/
https://jhmrad.com/21-delightful-two-story-building/ecipark-office-building-two-story/
https://jhmrad.com/21-delightful-two-story-building/ecipark-office-building-two-story/

CONTENTS

1 Sensible and total cooling load for two summer month

under three scenarios 3

N

Annual cooling and heating load under two scenarios 5

w

Indoor air temperature and ambient temperature for free-floating

condition during a typical warm period under three scenarios 6
4 Indoor air temperature and ambient temperature for free-floating
condition during a typical cold period under two scenarios 8

5 Number of hours with indoor air temperature below 19°C during

a typical cold period and above 26°C during a typical warm period 10

(@)

Economic feasibility of cool roofs: Evaluation of refurbishment 1M

7 Conclusions 13

FIGURES

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months 4
Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1)

for two summer months 4
Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature

scenario (scenario 2) for two summer months 4
Figure 4. Indoor air temperature and ambient temperature for three scenarios during a typical

summer week in Observatory station 6
Figure 5. Indoor air temperature and ambient temperature for three scenarios during a typical

summer week in Richmond station 6
Figure 6. Indoor temperature difference between reference scenario versus reference with cool

roof scenario (scenario 1) & reference scenario versus cool roof with modified urban

temperature scenario (scenario 2) during a typical summer week in Observatory station 7
Figure 7. Indoor temperature difference between reference scenario versus reference with cool

roof scenario (scenario 1) & reference scenario versus cool roof with modified urban

temperature scenario (scenario 2) during a typical summer week in Richmond station 7
Figure 8. Indoor air temperature and ambient temperature for two scenarios during a typical

winter week in Observatory station 8
Figure 9. Indoor air temperature and ambient temperature for two scenarios during a typical

winter week in Richmond station 8
Figure 10. Indoor air temperature difference between reference scenario vs reference with cool

roof scenario (scenario 1) during a typical winter month in Observatory station 9
Figure 11. Indoor air temperature difference between reference scenario vs reference with cool

roof scenario (scenario 1) during a typical winter month in Richmond station 9

Figure 12. Life Cycle Costs for Building 01 for Frankston Beach and Coldstream stations 12



1

SENSIBLE AND TOTAL COOLING LOAD
9 Reference scenario, scenario 1, and scenario FOR TWO SUMMER MONTHS UNDER

2; estimated for eleven weather stations in

Melbourne using weather data simulated by WRF. T H R E E S C E N A R | O S(]

Table 1. Sensible and total cooling load for a typical low-rise office building without roof insulation for two summer
months (i.e. January and February) under three scenarios including reference scenario, reference with
cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with
weather data simulated by WRF for COP=1 for heating and cooling.

e Stations Reference Scenario 1 Scenario 2
The bU//d/ng-sca/e scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; ; Sensible  Total Sensible  Total Sensible  Total
CO‘?/’”g /‘_’a‘f" Of tl?e low-rise cooling cooling cooling cooling cooling cooling
office building without roof (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
insulation from 12.6-18.3 Avalon airport  14.1 14.8 7.2 7.8 5.8 6.0
kWh/m? to 6.2-8.6 kWh/m?, Coldstream 17.7 18.3 7.8 8.3 6.6 6.7
Essendon 15.6 16.3 7.9 8.4 6.2 6.2
Frankston 1.6 126 5.5 6.2 4.2 43
beach
Melbourne 16.1 16.8 8.0 8.6 6.3 6.4
airport
Moorabbin 123 132 5.9 6.7 46 48
airport
Olympic park 13.8 14.6 6.8 7.5 5.7 5.9

Table 2. Sensible and total cooling load saving for a typical low-rise office building without roof insulation for
reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
S io 2
around 6.3-10.0 kWh/m? S
which is equiva/ent to 47.6- Sensible cooling  Total cooling Sensible cooling  Total cooling
54.9 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. Avalon airport 6.9 491 74 476 83 586 88 59.3
Coldstream 9.9 56.1 10.0 54.9 11.1 62.9 11.7 63.6
For Scenario 2. the total Essendon 7.8 49.8 7.9 48.4 9.5 60.6 10.1 61.9
4
cooling load saving is tF)reaa”C'r‘ftO” 6.1 527 63 504 75 641 83 65.7
around 8.3-11.7 kWh/m? Melbourme
which is equivalent to 59.3- airport 8.0 500 82 487 98 608 104 621
0 .
65.7 %;.oftota/ cooling load Moorabbin - - .. e cin
reduction. airport ' ' ' ' ' ' ’ '

Olympic park 7.0 50.9 7.2 49.0 8.1 58.6 8.7 59.8




In the eleven weather
stations in Melbourne,

it is estimated that & wnimz
both l?w/d/ngjsc.ale and - '
combined building- 178 B

scale and urban-scale
application of cool roofs
can significantly reduce the
cooling load of the typical
low-rise office building
without insulation during
the summer season.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a low-rise office building without insulation with weather data simulated by WRF for COP=1
for heating and cooling.
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Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for a low-rise office building without insulation with weather data
simulated by WRF for COP=1 for heating and cooling.
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Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a low-rise office building without insulation with
weather data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a low-rise office building without roof insulation for two scenarios
including reference scenario and reference with cool roof scenario (scenario 1) using annual measured
weather data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (3.3-4.7 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantl)/ lower than Avalon airport 19.7 21.3 4.5 9.2 11.0 12.3 6.8 12.9
the annual coo//'ng load Coldstream 28.7 30.8 4.5 9.6 14.7 16.4 7.3 14.3
reduction (8.8-14.4 kWh/ Essendon 250 267 44 9.0 144 157 66 12.6
md). Frankston
beath 157 171 3.8 7.4 7.2 8.3 5.8 1.2
Melbourne 240 254 48 9.8 141 152 7.2 13.7
airport
Moorabbin 218 236 40 8.0 12.1 135 6.0 11.3
airport
Olympic park 25.1 27.0 3.7 7.2 12.8 14.3 5.7 10.5

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference scenario
versus reference with cool roof scenario (scenario 1) for a low-rise office building without roof insulation
using annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 40' 7_57'4 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Avalon airport 87 442 91 425 23 36 64 266 55 179
The annual total cooling valon airpor
and heating load saving by Coldstream 140 488 144 468 28 47 112 337 97 241
building-scale application Essendon 106 425 110 411 22 36 84 286 73 206
of cool roofs ranges Frankston
85 542 88 514 21 37 64 331 50 205
between 5.0 and 9.7 kWh/ beach
2 [~ - 0
m?(~17.9-27.6 %). Melbourne 99 414 102 401 23 38 76 263 63 180
airport
Moorabbin 47 445 101 428 20 33 77 298 68 215
airport
Olympicpark 123 49.0 127 471 20 3.3 103 359 94 27.6




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting the

lowest and highest ambient temperatures in (i.e.

Frankston beach and Coldstream) using weather
data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-

FLOATING

CONDITION DURING A

TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a low-rise office building without insulation under free floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a low-rise office building without insulation under free floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



During a typ,cal summer Reference scenario vs scenario 1
week, the indoor air
temperature of the
reference scenario ranges
between 19.0-41.1 °C and
18.5-44.4 °C in Frankston
beach and Coldstream

stations, respectively.
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a low-rise office building without insulation under free-floating conditions during a typical summer
week in Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building- - -
Scale), the maXimum 12 4 Reference scenario vs scenario 1
indoor tem perature . ) — Reference scenario vs scenario 2
reduction is estimated O
to be 8.1 °C and 10.0 °C = 105
in Frankston beach and = ]
Coldstream stations, g g
respectively. E- ]
- &4
For Scenario 2 (combined E |
building- and urban-scale), 5
the maximum indoor 2, 47
=

temperature reduction
increases up to 9.1 °C and 2 .
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a low-rise office building without insulation under free-floating conditions during a typical summer
week in Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease slightly from
arange 11.1-23.0°Cin
reference scenario to

a range 10.9-20.9 °C in
scenario 1 in Frankston
beach station.

30 - | Indoor air temp-Reference scenario
| Indoor air temp-Scenario 1
] | Ambient temp.
25+

Temperature (°C)

5 . T o T r T T T
B
» G S

Date

N
o ¥ 5 AD

AD »

aB »

Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a low-rise office building without insulation under free-

The indoor air temperature
is predicted to reduce
from a range 9.1-24.3

°C in reference scenario

to a range 8.6-21.2°Cin
scenario 1 in Coldstream
station.

floating condition during a typical winter week in Frankston beach station using annual me
data.

asured weather
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a low-rise office building without insulation under free-
floating condition during a typical winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to bejust 1.7 °Cand 1.9

°C in Frankston beach

and Coldstream stations,
respectively.

Indoor temp reduction-Reference scenario vs scenario 1 {(°C)

Indoor temp-Reference scenario (°C)

Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a low-rise office building without insulation under free-floating conditions during a typical
winter month in Frankston beach station using annual measured weather data.
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Temperature decrease " .
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a low-rise office building without insulation under free-floating conditions during a typical
winter month in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

. . . Stations Reference Scenario 1

Durlng a l'yplCCI/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor . .

. . Operational Total Operational Total
air temperature (<19 °C) is hours* hours*
predicted to increase from Frankston
580 hours in reference beach 217 >80 276 645
scenario to 645 and hours Coldstream 230 597 285 656

and from 597 to 656 hours
in scenario 1 in Frankston
beach and Coldstream
stations, respectively.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

The number operational
hours with air temperature
<19 °C during is expected
to increase from 217 hours
in reference scenario to
276 hours; and from 230
to 285 hours in scenario

1 in Frankston beach

and Coldstream stations,

respectively.
Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
During a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor T

. . scenario
air temperature (>26 °C) is
predicted to significantly Frankston 234 193 15
decreased from 334 hours beach
in reference scenario Coldstream 395 253 197

to 193 and 152 hours
under scenario 1 and 2 in
Frankston beach station;
and from 395 hours

in reference scenario

to 253 and 197 hours
under scenario 1 and 2
in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

The ‘Do Nothing’ approach
has clearly the highest
cost over the building’s life
cycle.

Table 7.

Building 01 is a very

good example of a cool
roof’s contribution to
drastically reducing

energy requirements and
life cycle costs in low-rise
buildings with poor energy
performance. Due to low,
in absolute terms, value of
the savings, the significant
initial cost of the metal cool
roof reduces its feasibility,
hence the coating cool roof
is the advisable solution.

The building and its energy performance

Building 01 is a low-rise building, with a total air-conditioned area of 2.400 m?
distributed on two levels. The 1.200 m? roof is uninsulated, resulting in very high
energy losses and, consequently, in a very significant energy saving potential. The
main features of the building's energy performance both for Frankston Beach and
for Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 01.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 23,5 38,8
Energy consumption after cool roof (MWh) 18,7 29,5
Energy savings (MWh) 4,8 9,3
Energy savings (%) 20,43 % 23,97 %
Area (m?) 1.200 1.200
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
* A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 20,43%
for the Frankston Beach weather conditions and of 23,97% for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater
life expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option is the most
feasible one, resulting in
significant reductions of
life cycle costs, that vary
between 22,0 and 31,4 %,
depending on the weather

and energy price scenarios.

The metal cool roof is

due to its higher initial
investment cost only
feasible for the Coldstream
weather conditions,

with reductions of
approximately 6%.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 01 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

o

100,000 200,000 300,000 400,000

H Coating Cool Reof B Metal Cool Roof B Do Nothing

Figure 12. Life Cycle Costs for Building 01 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -8,67 % -9,62 % 6,01 % 537 %
Coating Cool Roof 22,55 % 22,03 % 31,43 % 31,08 %

12



CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban scale application of cool roof can
significantly reduce the cooling load
of the typical low-rise office building
without insulation during the summer
season.

* In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the low-rise office building from
12.6-18.3 kWh/m? to 6.2-8.6 kWh/m?2.
As computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
6.3-10.0 kWh/m?2. This is equivalent to
approximately 47.6-54.9 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
& Table 2 and Figure 1 & Figure 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 8.3-11.7 kWh/
m?Z. This is equivalent to 59.3-65.7% total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 & Table 2 and
Figure 2 & Figure 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrates that the annual
heating penalty (3.3-4.7 kWh/m?) is
significantly lower than the annual
cooling load reduction (8.8-14.4 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 40.1-51.4%. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 5.0 and 9.7
kWh/m? (~17.9-27.6%) (Tables 3 and 4).

+ During a typical summer week and
under free-floating condition, the
indoor air temperature of the reference
scenario ranges between 19.0-41.1 °C
and 18.5-44.4 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 8.1 and 10.0 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 9.1 and
10.4 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figure 4, Figure 5, Figure 6 and Figure 7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °Cin cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free-floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 11.1 and
23.0 °C in reference scenario to a range
between 10.9 and 20.9 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 9.1 and 24.3 °C in reference
scenario to arange between 8.6 and 21.2
°C in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figure 8 and Figure 9).

+ During a typical winter month and under
free-floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just
1.7 °C and 1.9 °C in Frankston beach
and Coldstream stations, respectively.
Positively,  temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figure 10
and Figure 11).

+ During a typical winter month and
under free-floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase from 580 hours in reference
scenario to 645 hours in reference
with cool roof scenario (scenario
1) in Frankston beach station. The
estimations for Coldstream station also
show a increase in total number of hours
below 19 °C from 597 hours in reference
scenario to 656 hours in reference
with cool roof scenario (scenario 1).
The results show less increase in total
number hours below 19 °C between the
two scenarios (i.e. reference scenario
and reference with cool roof scenario
(scenario 1)) during operational hours
of the building. The number of hours
below 19 °C during operational hours
of the building (i.e. Monday to Friday,
7 am - 6 pm) is expected to increase
from 217 hours in reference scenario
to 276 hours in reference with cool
roof scenario (scenario 1) in Frankston
beach station. Similarly, the calculation
in Coldstream station shows a slightly
increase of number of hours below 19 °C

from 230 hours to 285 hours during the
operational hours (See Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 334 hours under
the reference scenario in Frankston
beach station, which significanlty
decreases to 193 and 152 hours under
the reference with cool roof scenario
(scenario 1) and cool roof and modified
urban temperature scenario (scenario
2), respectively. The simulations in
Coldstream station also illustrate a
significant reduction in number of
hours above 26 °C from 395 hours in
reference scenario to 253 in reference
with cool roof scenario (scenario 1) and
197 hours in cool roof and modified
urban temperature scenario (scenario
2), respectively (See Table 6).

* As it can be deduced from the feasibility
analysis, the ‘Do Nothing' approach
has clearly the highest cost over the
building's life cycle. The coating cool roof
option is the most feasible one, resulting
in significant reductions of life cycle
costs, that vary between 22,0 and 31,4 %,
depending on the weather and energy
price scenarios, as it can be seen in Table
8. The metal cool roof is due to its higher
initial investment cost only feasible for
the Coldstream weather conditions, with
reductions of approximately 6%. Building
01 is in that sense a very good example
of a cool roof’s contribution to drastically
reducing energy requirements and life
cycle costs in low-rise buildings with
poor energy performance. Due to low,
in absolute terms, value of the savings,
the significant initial cost of the metal
cool roof reduces its feasibility, hence
the coating cool roof is the advisable
solution.
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Floor area :1200m?
Number of stories 210

Image source: Ecipark Office Building. https://
jerseydigs.com/bayonne-city-council-approves-
10-story-building-975-broadway/

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 02

HIGH-RISE OFFICE BUILDING WITHOUT

ROOF INSULATION

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for a typical high-rise office building without roof insulation for two summer
months (i.e. January and February) under three scenarios including reference scenario, reference with
cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with
weather data simulated by WRF for COP=1 for heating and cooling.

e Stations Reference Scenario 1 Scenario 2
The bU//d/ng-sca/e scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
d the t scenario temperature
can decrease the two scenario
summer months total
; ; Sensible  Total Sensible  Total Sensible  Total
CQOIIng_ load Of ?he hlgh- cooling cooling cooling cooling cooling cooling
rise office building withour (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
roof insulation from 7.9- Avalon airport 9.0 9.6 7.7 8.4 6.3 6.5
10.9 kWh/m? to 6.8-9.3 Coldstream 10.4 10.9 8.4 8.9 7.0 7.1
2
kWh/m?. Essendon 9.8 105 8.4 9.0 6.6 6.6
Frankston 7.1 7.9 6.0 6.8 45 47
beach
Melbourne 10.1 10.7 8.6 93 6.7 6.8
airport
Moarabbin 7.5 8.4 6.4 7.2 5.0 5.1
airport
Olympic park 8.5 9.3 7.2 8.0 6.1 6.3
Table 2. Sensible and total cooling load saving for a typical high-rise office building without roof insulation for
reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.
. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving is scenario (Scenario 1) temperature scenario
Scenario 2
around 1.1-2.0 kWh/m? ( )
which is equiva/ent to 13.0- Sensible cooling  Total cooling Sensible cooling  Total cooling
18.1% total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. Avalon airport 1.2 137 12 130 26 296 3.1 322
Coldstream 2.0 18.9 2.0 18.1 3.3 32.0 3.8 34.6
For Scenario 2, the total Essendon 1.4 14.2 1.4 13.5 3.3 33.2 3.8 36.5
cooling load saving is tF)reaa”C'r‘ftO” 1.1 155 1.1 144 26 361 32 409
around 3.0-4.0 kWh/m? Vel
. . . elbourne
which is equ/va/ent to 32.0- airport 1.4 14.3 1.5 13.7 3.4 33.5 4.0 36.9
40.9% of total cooling load Moorabbin . , . .. .. o
. . 1.1 15. 1. 13. . b o d
reduction. airport

Olympic park 1.3 14.8 1.3 13.8 2.4 28.0 3.0 32.0
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February) for a high-rise office building without insulation with weather data simulated by WRF for COP=1
for heating and cooling.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. Januray and February) for a high-rise office building without insulation with weather data
simulated by WRF for COP=1 for heating and cooling.
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Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario

2) for two summer months (i.e. January and February) for a high-rise office building without insulation with
weather data simulated by WRF for COP=1 for heating and cooling.




ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a high-rise office building without roof insulation for two scenarios
including reference scenario and reference with cool roof scenario (scenario 1) using annual measured
weather data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (0.6-0.9 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantly lower than Avalon airport  12.8 14.2 2.7 6.1 1.4 12.7 3.1 6.8
the annual cooling load Coldstream 174 193 3. 7.2 150 168 36 8.1
reduction (1.5-2.5 kWh/m?). Essendon 169 183 24 5.4 151 165 2.7 6.1
Ereaa”cfton 92 104 15 37 77 89 19 43
Melbourne 163 176 2.7 6.2 147 160 3.1 6.8
airport
Moorabbin 144 159 20 45 128 143 23 5.1
airport
Olympic park 15.7 17.4 1.7 3.9 13.6 15.2 2.0 4.5

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for a high-rise office building without roof
insulation using annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 9'4_74'9 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Avalon airport 1.4 108 15 102 04 06 1.0 65 08 4.1
The annual total cooling valon airpor
and heatl'ng /Oad saving by Coldstream 2.4 13.8 25 129 0.5 0.9 1.9 9.3 1.6 6.2
building-scale application Essendon 1.7 103 18 99 04 06 14 71 12 50
of cool roofs ranges Frankston
15 163 15 149 03 07 12 107 09 62
between 0.8 and 1.6 beach
2 [~ _ 0
kWh/m? (~4.1-7.5 %). Melbourne ;o 99 17 94 04 07 12 64 10 42
airport
Moorabbin ;¢ 415 17 104 03 06 13 77 11 53
airport
Olympic park 2.1 133 22 125 0.3 0.6 1.8 101 1.6 7.5




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting the

lowest and highest ambient temperatures in (i.e.

Frankston beach and Coldstream) using weather
data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a high-rise office building without insulation under free floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a high-rise office building without insulation under free floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.5-36.5 °C and
20.9-38.0 °C in Frankston
beach and Coldstream
stations, respectively.

Reference scenario vs scenario 1

Reference scenario vs scenario 2

Indoor Air Temperature (°C)
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a high-rise office building without insulation under free-floating conditions during a typical summer
week in Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 1.4°Cand 2.1 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined

building- and urban-scale),

the maximum indoor
temperature reduction
increases up to 2.6 and
2.8 °C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a high-rise office building without insulation under free-floating conditions during a typical summer
week in Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR

TEMPERATURE AND

AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease slightly from
a range between 14.4
and 22.7 °C in reference
scenario to a range
between 14.3 and 22.6 °C
in scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a high-rise office building without insulation under free-
floating condition during a typical winter week in Frankston beach station using annual measured weather

The indoor air temperature
is predicted to slighly
reduce from a range
between 13.2 and 23.5 °C
in reference scenario to a
range between 13.0 and
23.0°Cin scenario 1 in
Coldstream station.

data.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a high-rise office building without insulation under free-
floating condition during a typical winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.3 °Cand 0.4
°C in Frankston beach

and Coldstream stations,
respectively.

Indoor temp reduction-Reference scenario vs scenario 1 (°C)

15 20 25 30
Indoor temp-Reference scenario (°C)

Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a high-rise office building without insulation under free-floating conditions during a typical
winter month in Frankston beach station using annual measured weather data.

Temperature decrease
mainly happens during the
non-heating period when
indoor temperature is
higher than the threshold.

Indoor temp reduction-Reference scenario vs scenario 1 (°C)

Indoor temp-Reference scenario (°C)

Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a high-rise office building without insulation under free-floating conditions during a typical
winter month in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

. . . Stations Reference Scenario 1
During a typical winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor . .

. Operational Total Operational Total
air temperature (<19 °C) hours* hours* ota
is predicted to slightly Frankston
increase from 430 hours in beach ) = N 439
reference scenario to 439 Coldstream 185 517 194 531

and hours and from 517
to 531 hours in scenario
1 in Frankston beach
and Coldstream stations,
respectively.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from 69
hours in reference scenario
to 71 hours; and from 185
to 194 hours in scenario

1 in Frankston beach

and Coldstream stations,
respectively.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
During a typ/ca/ summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor T

. scenario
air temperature (>26 °C)
is predicted to slightly Frankston 297 245 186
decrease from 297 hours beach
in reference scenario Coldstream 424 372 310

to 249 and 186 hours
under scenario 1 and

2, in Frankston beach
station; and from 424
hours in reference scenario
to 372 and 310 hours
under scenario 1 and 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

The ‘Do Nothing’ approach
has clearly the highest
cost over the building’s life
cycle.

Table 7.

Building 02 is a very
good example of a cool
roof’s contribution to
drastically reducing energy
requirements and life
cycle costs in high-rise
office buildings with a
poor energy performance
of the roof. The impact
of the initial cost makes
the coating cool roof the
advisable solution.

The building and its energy performance

Building 02 is a high-rise office building, with a total air-conditioned area of 12.000 m?
distributed on ten levels. The 1.200 m? roof is uninsulated, resulting in high energy
losses but with an impact only on the floor directly beneath the roof. Consequently,
the energy saving potential is rather limited, but still not insignificant. The main
features of the building’s energy performance both for Frankston Beach and for
Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 02.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 67,7 127,2
Energy consumption after cool roof (MWh) 63,4 119,5
Energy savings (MWh) 4.3 7.7
Energy savings (%) 6,35 % 6,05 %
Area (m?) 1.200 1.200
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 6,35%
for the Frankston Beach weather conditions and of 6,05% for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater
life expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



. The coating cool roof
option is the most feasible
one, resulting in significant
reductions of life cycle
costs, that vary between
22,7 and 26,7 % depending
on the weather and energy
price scenarios (Table 8).

The metal cool roof is

due to its higher initial
investment cost only
feasible for the high energy
prices scenario.

Figure 12.

Table 8.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of

the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 02 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price

ankston Beach High Energy Price

ankston Beach Low Energy Price

0 200,000 400,000 600,000 200,000 1,000,000 1,200,00

® Coating Cool Roof ™ Metal Cool Roof Do Nothing

Life Cycle Costs for Building 02 for Frankston Beach and Coldstream stations.

Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -2,89 % 2,27 % 1,81 % 4,63 %
Coating Cool Roof 22,68 % 25,48 % 25,16 % 26,69 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban scale application of cool roof can
significantly reduce the cooling load
of the typical low-rise office building
without insulation during the summer
season.

* In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the low-rise office building from
7.9-10.9 kWh/m? to 6.8-9.3 kWh/m?. As
computed, the total cooling load saving
by building-scale application of cool roofs
is around 1.1-2.0 kWh/m? for a typical
high rise office building without roof
insulation. This is equal to 13.0-18.1%
cooling load reduction in reference with
cool roof scenario (scenario 1) compared
to reference scenario (See Table 1 and 2
and Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale implementation of cool
roofs can reduce the total cooling load
of the high-rise office building without
roof insulation by 3.0-4.0 kWh/m?2. This is
equivalent to roughly 32.0-40.9% lower
total cooling load under cool roof and
modified urban temperature scenario
(scenario 2) with respect to the reference
scenario. (See Table 1 and 2 and Figures
2 and 3).

+ The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.6-0.9 kWh/m?) is
significantly lower than the annual
cooling load reduction (1.5-2.5 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 9.4-14.9%. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 0.8 and 1.6

kWh/m? (~4.1-7.5%) (See Table 3 and 4).

+ During a typical summer week and
under free-floating condition, the
indoor air temperature of the reference
scenario ranges between 21.5-36.5 °C
and 20.9-38.0 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 1.4 and 2.1 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 2.6 and
2.8 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figure 4, Figure 5, Figure 6 and Figure 7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 14.4 and
22.7 °C in reference scenario to a range
between 14.3 and 22.6 °C in reference
with cool roof scenario (scenario 1) in




Frankston beach station (See Figure 8).
Similarly, the indoor air temperature
is predicted to reduce from a range
between 13.2 and 23.5 °C in reference
scenario to a range between 13.0 and
23.0 °C in reference with cool roof
scenario (scenario 1) in Coldstream
station (See Figures 8 and 9).

* During a typical winter month and
under free floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just
0.3 °C and 0.4 °C in Frankston beach
and Coldstream stations, respectively.
Positively, ~ temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figures
10and 11).

*During a typical winter month and under
free floating condition, the total number
of hours with an indoor air temperature
below 19 °C is predicted to increase
slightly from 430 hours in reference
scenario to 439 hours in reference
with cool roof scenario (scenario 1) in
Frankston beach station. The estimations
for Coldstream stations also show a
slight increase in total number of hours
below 19 °C from 517 hours in reference
scenario to 531 hours in reference
with cool roof scenario (scenario 1).
The results show less increase in total
number hours below 19 °C between the
two scenarios (i.e. reference scenario
and reference with cool roof scenario
(scenario 1)) during operational hours
of the building. The number of hours
below 19 °C during operational hours
of the building (i.e. Monday to Friday, 7
am-6 pm) is expected to slightly increase
from 69 hours in reference scenario
to 71 hours in reference with cool roof
scenario (scenario 1) in Frankston
beach station. Similarly, the calculation
in Coldstream station shows a slight

increase of number of hours below 19 °C
from 185 hours to 194 hours during the
operational hours (See Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 297 hours under
the reference scenario in Frankston
beach station, which decreases to 249
and 185 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
424 hours in reference scenario to 372
in reference with cool roof scenario
(scenario 1) and 310 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

* Asitcan be deduced from the feasibility
analysis, the ‘Do Nothing’ approach
has clearly the highest cost over the
building's life cycle. The coating cool roof
option is the most feasible one, resulting
in significant reductions of life cycle
costs, that vary between 22,7 and 26,7 %,
depending on the weather and energy
price scenarios, as it can be seen in Table
8. The metal cool roof is due to its higher
initial investment cost only feasible for
the high energy prices scenario. Building
02 is in that sense a very good example
of a cool roof's contribution to drastically
reducing energy requirements and life
cycle costs in high-rise office buildings
with a poor energy performance of the
roof. The impact of the initial cost makes
the coating cool roof the advisable
solution.
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Floor area :1200m?
Number of stories 12

Image source: Ecipark Office Building. https://
jnmrad.com/21-delightful-two-story-building/
ecipark-office-building-two-story/

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 03

NEW LOW-RISE OFFICE BUILDING WITH

ROOF INSULATION

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Aml l'“
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Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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9 Reference scenario, scenario 1, and scenario
2; estimated for eleven weather stations in
Melbourne using weather data simulated by WRF.

1

SENSIBLE AND TOTAL COOLING LOAD
FOR TWO SUMMER MONTHS UNDER

THREE SCENARIOS®

Table 1. Sensible and total cooling load for a new low-rise office building with roof insulation for two summer
months (i.e. January and February) under three scenarios including reference scenario, reference with
cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with
weather data simulated by WRF for COP=1 for heating and cooling.

The building-scale
application of cool roofs
can decrease the two
summer months total
cooling load of the new
low-rise office building
with roof insulation from
7.5-10.3 kWh/m? to 6.9-9.5
kWh/m?.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof modified urban
scenario temperature
scenario
Sensible  Total Sensible  Total Sensible  Total
cooling cooling cooling cooling cooling cooling
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)
Avalon airport 8.5 9.2 7.9 8.5 6.4 6.7
Coldstream 9.4 10.0 8.5 9.1 7.2 7.3
Essendon 9.3 10.0 8.6 9.2 6.7 6.8
Frankston 6.7 7.5 6.1 6.9 47 48
beach
Melbourne 9.6 103 8.8 9.5 6.9 7.0
airport
Moorabbin 7.1 8.0 6.6 7.4 5.1 e
airport
Olympic park 8.0 8.8 7.4 8.2 6.3 6.5

Table 2. Sensible and total cooling load saving for a new low-rise office building with roof insulation for reference
scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus cool roof
with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and February)
with weather data simulated by WRF for COP=1 for heating and cooling.

For Scenario 1, the total
cooling load saving is
around 0.6-0.9 kWh/m?
which is equivalent to 7.1-
9.4 % total cooling load
reduction.

For Scenario 2, the total
cooling load saving is
around 2.5-3.3 kWh/
m?which is equivalent
to 227.0-35.7 % of total
cooling load reduction.

Stations

Reference scenario versus
Reference with cool roof
scenario (Scenario 1)

Reference scenario versus
Cool roof with modified urban

temperature scenario
(Scenario 2)

Sensible cooling

Total cooling

Sensible cooling

Total cooling

kWh/m? %

kWh/m? %

kWh/m? %

kWh/m? %

Avalon airport

0.6 7.5 0.7

7.1 2.1 24.6 2.5 27.6

Coldstream 0.9 9.7 0.9 9.4 2.3 238 27 27.0
Essendon 0.7 7.8 0.7 7.5 26 279 32 31.8
Frankston 0.6 8.3 0.6 7.7 2.0 300 27 35.7
beach

Melbourne 0.8 8.0 0.8 7.6 2.7 283 33 32.1
airport

Moorabbin

airport 0.6 8.0 0.6 7.5 2.0 282 27 338

Olympic park

0.6 7.9 0.7

7.5 1.8 221 2.4 26.8




In the eleven weather
stations in Melbourne,

the combined building-
scale and urban-scale
application of cool roofs is
estimated to have higher
impact on the total cooling
load reduction of the new
low-rise office building with
roof insulation.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a new low-rise office building with roof insulation with weather data simulated by WRF for
COP=1 for heating and cooling.
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The building-scale “\ i’ﬂ{‘!!-’ry /
application of cool roofs PR ) Fﬂ e A (el
has a lower but still :_ S h e >N
noticeable impact on the :
cooling load reduction
of the new low-rise
office building with roof
insulation.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. Januray and February) for a new low-rise office building with roof insulation with weather data
simulated by WRF for COP=1 for heating and cooling.

Figure 3. Spatial distribution of total coolmg load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new low-rise office building with roof insulation
with weather data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a new low-rise office building with roof insulation for two scenarios
including reference scenario and reference with cool roof scenario (scenario 1) using annual measured
weather data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (0.2-0.4 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantl)/ lower than Avalon airport 12.7 14.2 2.7 5.9 11.9 13.3 2.9 6.2
the annual coo//'ng load Coldstream 16.9 18.7 3.2 7.1 15.6 17.4 3.4 7.5
reduction (0.8-1.3 kWh/m?). Essendon 166 181 24 5.2 156 170 25 5.4
Frankston
beach 8.7 9.9 1.5 3.4 7.9 9.1 1.6 3.6
Melbourne 162 175 27 5.8 153 165 2.8 6.0
airport
Moorabbin 142 158 2.0 4.4 133 148 2.1 46
airport
Olympic park 15.1 16.8 1.8 3.9 14.0 15.6 1.8 4.1

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for a new low-rise office building with roof
insulation using annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 5. 7-8.0 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Avalonairport 0.8 63 08 60 01 03 07 44 06 29
The annual total cooling valon airpor
and heatl'ng load saving by Coldstream 1.3 7.4 1.3 7.0 0.2 0.4 1.1 5.3 0.9 3.6
building-scale application Essendon 10 60 10 57 01 02 09 46 08 34
of cool roofs ranges Frankston
08 87 08 80 01 02 07 66 06 45
between 0.6 and 0.9 beach
2 [~ _ 0
kWh/m? (~2.9-4.6 %). Melbourne 44 58 10 56 01 02 08 44 07 3.4
airport
Moorabbin 44 g4 10 61 01 02 08 51 08 38
airport
Olympic park 1.1 7.3 1.2 7.0 0.1 0.2 1.0 6.0 1.0 4.6




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting the

lowest and highest ambient temperatures in (i.e.

Frankston beach and Coldstream) using weather
data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new low-rise office building with roof insulation under free floating conditions during a
typical summer week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new low-rise office building with roof insulation under free floating conditions during a
typical summer week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.2-37.3 °C and
20.4-38.6 °C in Frankston
beach and Coldstream
stations, respectively.
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new low-rise office building with roof insulation under free-floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 0.9°Cand 1.3 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined

building- and urban-scale),

the maximum indoor
temperature reduction
increases up to 2.2 and
2.1°C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new low-rise office building with roof insulation under free-floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND

AMBIENT

TEMPERATURE FOR FREE-

FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease slightly from
a range between 14.6
and 24.1 °C in reference
scenario to a range
between 14.5 and 23.5 °C
in scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new low-rise office building with roof insulation under

The indoor air temperature
is predicted to reduce

from a range between 12.2
and 24.9 °C in reference
scenario to a range
between 12.0 and 24.4 °C
in scenario 1 in Coldstream
station.

free-floating condition
weather data.

during a typical winter week in Frankston beach station using annual measured
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new low-rise office building with roof insulation under

free-floating condition
data.

during a typical winter week in Coldstream station using annual measured weather



o
L""l

For Scenario 1, the average G 1
maximum indoor air = " .
. =] 06 = - .
temperature reduction by = . . .
building-scale application g 1 g
of cool roofs is predicted ; 0.5 - - 2t
to be just 0.3 °C and 0.4 e | . AT
°C in Frankston beach y .t . )
. - = W& L

and Coldstream stations, A 0.4 . "5 " H
respectively. 1 L p

5 L L " my "

S 0.3 v g% PSRk x ;

< | & -®

2 . "t

o

3 0.2 1

o

(=% .

£ .

244 ™

g .

2 |

0.0 T v T = T
15 20 25

Indoor temp-Reference scenario (°C)

Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new low-rise office building with roof insulation under free-floating conditions during a
typical winter month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new low-rise office building with roof insulation under free-floating conditions during a
typical winter month in Coldstream station using annual measured weather data.



5

NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

. . . Stations Reference Scenario 1

Durlng a typ/ca/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor — .

. perational Total Operational Total
air temperature (<19 °C) hours* hours*
is predicted to increase Frankston
slightly from 415 hours beach 132 415 138 432
in reference scenario to Coldstream 163 492 173 509

432 hours, and from 492
to 509 hours in scenario
1 in Frankston beach
and Coldstream stations,
respectively.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
132 hours in reference
scenario to 138 hours; and
from 163 to 173 hours in
scenario 1 in Frankston
beach and Coldstream
stations, respectively.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
Durmg a typ/cal summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor LG

. . scenario
air temperature (>26 °C) is
predicted to decrease from Frankston s 317 550
345 hours in reference beach
scenario to 317 and 250 Coldstream 399 359 305

hours under scenario 1
and 2, in Frankston beach
station; and from 399
hours in reference scenario
to 359 and 305 hours
under scenario 1 and 2

in Coldstream station,
respectively.

10



ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has the higher
cost over the building’s life
cycle only compared to the
coating cool roof option
(Table 8).

Table 7.

Building 03 is a very good
example of building with
limited energy conservation
potential. However, even

in this case, a coating

cool roof is a feasible
investment, especially for
high energy prices.

The building and its energy performance

Building 03 is a new, low-rise building, with a total air-conditioned area of 2.400 m?
distributed on two levels. The 1.200 m? roof is insulated, resulting in low energy
losses and, consequently, in a very limited energy saving potential. The main
features of the building’s energy performance both for Frankston Beach and for
Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 03.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 12,8 24,8
Energy consumption after cool roof (MWh) 12,2 23,9
Energy savings (MWh) 0,6 0,9
Energy savings (%) 4,69 % 3,63 %
Area (m?) 1.200 1.200
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 4,69%
for the Frankston Beach weather conditions and of 3,63% for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater
life expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that
varies between 0,5 %

for the low energy price
scenario for Frankston
and 18,4 % for the high
energy scenario and for
Coldstream condlitions.

The metal cool roof is not
feasible due to its higher
initial investment cost.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 03 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price

Frankston Beach High Energy Price

Frankston Beach Low Energy Price

0 50,000 100,000 150,000 200,000 250,000

m Coating Cool Roof  m Metal Cool Roof  m Do Nothing

Figure 12. Life Cycle Costs for Building 03 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -43,05 % -21,49 % -22,40 % -9,73 %
Coating Cool Roof 0,56 % 12,23 % 11,51 % 18,36 %
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CONCLUSIONS

* In the eleven weather stations in
Melbourne, the combined building-
scale and urban-scale application of cool
roofs is estimated to have higher impact
on the total cooling load reduction of
the new low-rise office building with
roof insulation. The building-scale
application of cool roofs has a lower but
still noticeable impact on the cooling
load reduction of the new low-rise office
building with roof insulation.

In  the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the low-rise office building from
7.5-10.3 kWh/m? to 6.9-9.5 kWh/m?. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.6-0.9 kWh/m2. This is equivalent to
approximately 7.1-9.4 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
& Table 2 and Figure 1 & Figure 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 2.5-3.3 kWh/m?2.
This is equivalent to 27.0-35.7 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 & Table 2 and
Figure 2 & Figure 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrates that the annual
heating penalty (0.2-0.4 kWh/m?) is
significantly lower than the annual
cooling load reduction (0.8-1.3 kWh/m2).
As calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 5.7-8.0 %.

The annual total cooling and heating
load saving by building-scale application
of cool roofs ranges between 0.6 and 0.9
kWh/m? (~2.9-4.6 %) (Tables 3 and 4).

+ During a typical summer week and
under free-floating condition, the
indoor air temperature of the reference
scenario ranges between 21.2-37.3 °C
and 20.4-38.6 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.9 and 1.3 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 2.2 and
2.1 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figure 4, Figure 5, Figure 6 and Figure 7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free-floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 14.6 and




24.1 °Cin reference scenario to a range
between 14.5 and 23.5 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).
Similarly, the indoor air temperature
is predicted to reduce from a range
between 12.2 and 24.9 °C in reference
scenario to a range between 12.0 and
24.4 °C in reference with cool roof
scenario (scenario 1) in Coldstream
station (See Figure 8 and Figure 9).

* During a typical winter month and under
free-floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just
0.3 °C and 0.4 °C in Frankston beach
and Coldstream stations, respectively.
Positively, temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figure 10
and Figure 11).

*During a typical winter month and under
free-floating condition, the total number
of hours with an indoor air temperature
below 19 °C is predicted to increase
slightly from 415 hours in reference
scenario to 432 hours in reference
with cool roof scenario (scenario
1) in Frankston beach station. The
estimations for Coldstream station also
show a increase in total number of hours
below 19 °C from 492 hours in reference
scenario to 509 hours in reference
with cool roof scenario (scenario 1).
The results show less increase in total
number hours below 19 °C between the
two scenarios (i.e. reference scenario
and reference with cool roof scenario
(scenario 1)) during operational hours
of the building. The number of hours
below 19 °C during operational hours of
the building (i.e. Monday to Friday, 7 am
- 6 pm) is expected to slightly increase
from 132 hours in reference scenario
to 138 hours in reference with cool

roof scenario (scenario 1) in Frankston
beach station. Similarly, the calculation
in Coldstream station shows a slightly
increase of number of hours below 19 °C
from 163 hours to 173 hours during the
operational hours (See Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 345 hours under
the reference scenario in Frankston
beach station, which decreases to 317
and 250 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
399 hours in reference scenario to 359
in reference with cool roof scenario
(scenario 1) and 305 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

* As it can be deduced from the feasibility
analysis, given the building's roof
insulation, the ‘Do Nothing' approach
has the higher cost over the building’s life
cycle only compared to the coating cool
roof option, which leads to a reduction
of life cycle costs, that varies between
0,5 % for the low energy price scenario
for Frankston and 18,4 % for the high
energy scenario and for Coldstream
conditions, as it can be seen in Table 8.
The metal cool roof is due to its higher
initial investment cost not feasible.
Building 03 is in that sense a very good
example of building with limited energy
conservation potential. However, even in
this case, a coating cool roof is a feasible
investment, especially for high energy
prices.
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Floor area :1200m?
Number of stories 210

Image source: Ecipark Office Building. https://
jerseydigs.com/bayonne-city-council-approves-
10-story-building-975-broadway/

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 04

NEW HIGH-RISE OFFICE BUILDING WITH

ROOF INSULATION

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for a typical new high-rise office building with roof insulation for two
summer months (i.e. January and February) under three scenarios including reference scenario, reference
with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2)
with weather data simulated by WRF for COP=1 for heating and cooling.

T Stations Reference Scenario 1 Scenario 2
The bU//d/ng-sca/e scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; Sensible  Total Sensible  Total Sensible  Total
C‘?O/’”g /OCIO'.Of th? I’)?W cooling cooling cooling cooling cooling cooling
high-rise office building (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
with roof insulation from Avalon airport 8.1 8.7 8.0 8.6 6.5 6.7
7.1-9.7 kWh/m? to 7.0-9.5 Coldstream 8.8 9.4 8.6 9.2 7.2 7.3
2
kWh/m?. Essendon 8.8 9.4 8.7 93 6.7 6.8
Frankston 6.3 7.1 6.2 7.0 47 4.8
beach
Melbourne 9.0 9.7 8.9 9.5 6.9 7.0
airport
Moarabbin 6.7 7.5 5 7.4 5.1 53
airport
Olympic park 7.6 8.3 7.4 8.2 6.3 6.5

Table 2. Sensible and total cooling load saving for a typical new high-rise office building with roof insulation for
reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
S io 2
around 0.1-0.2 kWh/m? G
which is equiva/ent to 1.3- Sensible cooling  Total cooling Sensible cooling  Total cooling
1.9 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. Avalon airport 0.1 14 01 13 16 195 20 230
Coldstream 0.2 2.0 0.2 1.9 1.6 17.9 2.0 21.5
For Scenario 2, the total Essendon 0.1 1.5 0.1 1.4 2.0 23.2 2.6 27.6
cooling load saving is tF)reaa”C'r‘ftO” 0.1 16 0.1 15 16 255 23 318
around 1.8-2.7 kWh/m? Melbourme
which is equivalent to 21.5- airport 0.1 15 01 14 24 236 27 279
31.8 % of total cooling load :
of g Moorabbin 0.1 15 01 14 16 236 23 300
reduction. airport

Olympic park 0.1 1.5 0.1 14 13 168 1.8 221




In the eleven weather
stations in Melbourne,
the combined building-
scale and urban scale
application of cool roofs
can reduce the cooling
load of the new high-rise
office building with roof
insulation during the
summer season.

Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a new high-rise office building with insulation with weather data simulated by WRF for COP=1
for heating and cooling.

Figure 1.

Overall, the simulation
results indicate that the
cooling load reductions
by cool roofs can be
significant if they are
implemented at an urban
scale.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. Januray and February) for a new high-rise office building with insulation with weather data

simulated by WRF for COP=1 for heating and cooling.
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Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new high-rise office building with insulation

with weather data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario and scenario 1; estimated AN N UAL CO O |_| N G AN D H EAT| N G LOAD

for eleven weather stations in Melbourne using

measured annual climate data. U N D E R TWO SC E N AR' O Sb

Table 3. Annual cooling and heating loads for a new high-rise office building with roof insulation for two scenarios
including reference scenario and reference with cool roof scenario (scenario 1) using annual measured
weather data for COP=1 for heating and cooling.

. Stations Reference Scenario 1

The annual COO//ng scenario Reference with

and heating simulation cool roof scenario

usmg annual measured Annual Annual Annual Annual

weather data illustrates cooling load heating load cooling load heating load

that the Gnnual heat/ng (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

penalty (0_0_0.7 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total

is significantly lower than Avalon airport  11.9 13.3 2.1 5.1 11.8 13.1 2.1 5.1

the annual Coo//ng load Coldstream 15.6 17.5 2.6 6.3 15.4 17.2 2.6 6.4

reduction (0.1-0.2 kWh/m?). Essendon 157 172 1.7 43 156 170 18 44
Ereaancﬁsmn 81 93 10 27 80 92 10 27
g’i'fglg‘r’fme 153 166 2.0 5.0 151 164 2.1 5.0
g’i'ropoorftbbi” 133 149 14 35 132 147 14 36

Olympic park 14.3 15.8 1.2 3.0 14.1 15.6 1.2 3.1

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for a new high-rise office building with roof
insulation using annual measured weather data for COP=1 for heating and cooling.

Stations Annual Annual Annual total

The.annual COO/ing load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 7.0-7.6 %. Sensible Total Sens. Total Sensible Total
KWh/m? % KWh/m? % KWh/m? kWh/m? % kWh/m? %

. Avalonairport 04 11 01 11 00 00 01 08 01 05
The annual total cooling valon airpor

and heatl'ng /Oad saving by Coldstream 0.2 1.4 0.2 1.3 0.0 0.1 0.2 1.0 0.2 0.7
building-scale application Essendon 02 10 02 10 00 00 01 08 01 06
of cool roofs ranges Frankston
01 17 01 16 00 00 01 14 01 09
between 0.1 and 0.2 beach
2 [~ _ 0,
kWh/m? (~0.5-0.9 %). Melbourne 45 45 02 10 00 00 01 08 01 06
airport
Moorabbin 45 45 02 11 00 00 01 09 01 06
airport

Olympic park 0.2 1.4 0.2 1.4 0.0 0.0 0.2 1.2 0.2 0.9




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting the

lowest and highest ambient temperatures in (i.e.

Frankston beach and Coldstream) using weather
data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new high-rise office building with insulation under free floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new high-rise office building with insulation under free floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 22.0-36.0 °C and
21.3-37.0 °C in Frankston
beach and Coldstream
stations, respectively.

Reference scenario vs scenario 1

Reference scenario vs scenario 2

Indoor Air Temperature (°C)
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2)for a new high-rise office building with insulation under free-floating conditions during a typical summer
week in Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated to

be 0.2 °C in both Frankston

beach and Coldstream
stations.

Reference scenario vs scenario 1

Reference scenario vs scenario 2

For Scenario 2 (combined

building- and urban-scale),

the maximum indoor
temperature reduction
increases up to 1.7 and
1.5°C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new high-rise office building with insulation under free-floating conditions during a typical summer
week in Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.

Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR

TEMPERATURE AND

AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected to
remain almost the same
in reference scenario

and reference with cool
roof scenario (scenario

1) in Frankston beach

and Coldstream stations,
respectively.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new high-rise office building with insulation under
free-floating condition during a typical winter week in Frankston beach station using annual measured

weather data.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new high-rise office building with insulation under free-
floating condition during a typical winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.1 °Cand 0.1

°C in Frankston beach

and Coldstream stations,
respectively.

0.2 1 ]

Indoor temp reduction-Reference scenario vs scenario 1 (°C)
-

0.0

Indoor temp-Reference scenario (°C)

Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a high-rise office building without insulation under free-floating conditions during a typical
winter month in Frankston beach station using annual measured weather data.

Temperature decrease
mainly happens during the
non-heating period when
indoor temperature is
higher than the threshold.

0.2 5

Indoor temp reduction-Reference scenario vs scenario 1 ("C)
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a high-rise office building without insulation under free-floating conditions during a typical
winter month in Coldstream station using annual measured weather data.



5

NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typical winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor . :

. Operational Total Operational Total
air temperature (<19 °C) hours* ota hours* ota
is predicted to slightly Frankston
increase from 353 hours beach 124 == 124 =7
in reference scenario in Coldstream 164 461 164 461

Frankston beach station
while remains the same for
Coldstream station.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

The number operational
hours with air temperature
<19 °C during is expected
to remain the same

for reference scenario

and scenario 1 in both
Frankston beach and
Coldstream stations.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
During a typ/ca/ summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor T

. . scenario
air temperature (>26 °C) is
predicted to decrease from Frankston 282 275 586
382 hours in reference beach
scenario to 375 and 286 Coldstream 427 419 353

hours under scenario 1
and 2, in Frankston beach
station; and from 427
hours in reference scenario
to 419 and 353 hours
under scenario 1 and 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing
approach has a higher
cost over the building’s life
cycle only compared to the
coating cool roof option.

7

Table 7.

Building 04 is a very
good example of building
with very limited energy
conservation potential.
Still, even in this case,

a coating cool roof is a
feasible investment over
the building’s life cycle.

The building and its energy performance

Building 04 is a new, high-rise building, with a total air-conditioned area of 12.000
m? distributed on ten levels. The 1.200 m? roof is insulated, resulting in low energy
losses. In addition, the roof has an impact only on the floor directly underneath.
Hence, there is only a very limited energy saving potential. The main features of
the building’s energy performance both for Frankston Beach and for Coldstream
weather conditions, are presented in Table 7.

Energy performance features of Building 04.

Energy performance features Frankston Beach Coldstream
Energy consumption prior cool roof (MWh) 57,6 114,2
Energy consumption after cool roof (MWh) 57.1 1133
Energy savings (MWh) 0,5 0,9
Energy savings (%) 0,87 % 0,79 %
Area (m?) 1.200 1.200
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 0,87%
for the Frankston Beach weather conditions and of 0,79% for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater
life expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option, which leads to a
reduction of life cycle costs,
that varies between 17,6

% for the low energy price
scenario for Frankston

and 22,4 % for the high
energy scenario and for
Coldstream conditions
(Table 8).

The metal cool roof is not
feasible due to its higher
initial investment cost.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions respectively.

Life Cycle Costs for Building 04 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

0 250,000 500,000 750,000 1,000,000

m Coating Cool Roof ®m Metal Cool Roof = Do Nothing

Figure 12. Life Cycle Costs for Building 04 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -9,96 % -4,07 % -3,99 % -0,92 %
Coating Cool Roof 17,60 % 20,77 % 20,79 % 22,44 %
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CONCLUSIONS

* In the eleven weather stations in
Melbourne, the combined building-
scale and urban scale application of cool
roofs can reduce the cooling load of the
new high-rise office building with roof
insulation during the summer season.
Overall, the simulation results indicate
that the cooling load reductions by
cool roofs can be significant if they are
implemented at an urban scale.

* The building-scale application of cool
roofs can decrease the two summer
months total cooling load of the new
high-rise office building with roof
insulation from 7.1-9.7 kWh/m? to
7.0-9.5 kWh/m?. As computed, the
building-scale application of cool roofs
is predicted to reduce the cooling load
of new high-rise office building with roof
insulation by 0.1-0.2 kWh/m? (~1.3-1.9 %)
(See Table 1 and 2 and Figures 1 and 2).
The combined building-scale and urban-
scale application of cool roofs is foreseen
to have a significant contribution to
cooling load reduction. It is estimated
that the cooling load of cool roof with
modified urban temperature scenario
(scenario 2) is around 1.8-2.7 kWh/m?
(~21.5-31.8 %) lower than the reference
scenario (See Table 1 and 2 and Figures
2 and 3) . Overall, the simulation results
indicate that the cooling load reductions
by cool roofs can be significant if they
are implemented at an urban scale.

* The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0-0.1 kWh/m?) is lower
than the annual cooling load reduction
(0.1-0.2 kWh/m?). As calculated, the
annual cooling load saving by building-
scale application of cool roofs is around
1.0-1.6%. The annual total cooling and
heating load saving by building-scale
application of cool roofs ranges between
0.1 and 0.2 kWh/m? (~0.5-0.9 %) (See
Table 3 and 4).

* During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 22.0-36.0 °C
and 21.3-37.0 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated
to be 0.2 °C in both Frankston beach
and Coldstream stations. The indoor
air temperature reduction is foreseen
to increase further to 1.7 and 1.5 °C by
combined building-scale and urban-
scale application of cool roofs (scenario
2) in Frankston beach and Coldstream
stations, respectively (See Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free floating condition, the indoor air
temperature is expected to remain
almost the same in reference scenario
and reference with cool roof scenario
(scenario 1) in Frankston beach and
Coldstream stations (See Figures 8 and
9).




* During a typical winter month and under
free floating condition, the maximum
indoor air temperature reduction by
building-scale application of cool roofs
is predicted to be just 0.1 °C and 0.1
°C in Frankston beach and Coldstream
stations, respectively. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 353 hours
in reference scenario to 367 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
show that the total number of hours
below 19 °C remain the same for the
reference scenario and scenario 1.
Also, the number of hours below 19 °C
during operational hours of the building
(i.e. Monday to Friday, 7 am-6 pm) is
expected to remain the same for both
in Frankston beach and Coldstream
stations (See Table 5).

* During a typical summer month, the
total number of hours with an indoor
air temperature (>26 oC) is predicted to
decrease from 382 hours in reference
scenario to 375 and 286 hours under
scenario 1 and 2, in Frankston beach
station; and from 427 hours in reference
scenario to 419 and 353 hours under
scenario 1 and 2 in Coldstream station,
respectively (See Table 6).

* As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing' approach
has a higher cost over the building's life
cycle only compared to the coating cool
roof option, which leads to a reduction
of life cycle costs, that varies between
17,6 % for the low energy price scenario
for Frankston and 22,4 % for the high
energy scenario and for Coldstream
conditions, as it can be seen in Table 8.
The metal cool roof is due to its higher
initial investment cost not feasible.
Building 04 is in that sense a very good
example of building with very limited
energy conservation potential. Still,
even in this case, a coating cool roof is
a feasible investment over the building’s
life cycle.
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Floor area :1100m?
Number of stories 12

Image source: Westfield Tea Tree Plaza, Tea Tree

Plaza 976 North East Rd, Modbury, Tea Tree Gully,

South Australia 5092, Australia

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 05

NEW LOW-RISE SHOPPING MALL CENTRE

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for a new low-rise shopping mall centre without roof insulation for two
summer months (i.e. January and February) under three scenarios including reference scenario, reference
with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2)
with weather data simulated by WRF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on of cool I’OOfS cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
: Sensible  Total Sensible  Total Sensible  Total
COO/H?g loa‘f" Of th'e I?€W cooling cooling cooling cooling cooling cooling
low-rise office building (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
from 41.8-47.7 kWh/m? to Avalon airport 415 44.5 40.1 43.0 36.6 376
40.3-45.7 kWh/m?. Coldstream 44.9 47.7 43.0 457 3828 39.8
Essendon 43.5 46.5 42.0 45.0 37.0 37.8
Frankston 37.8 41.8 36.3 40.3 31.8 32.9
beach
Melbourne 442 47.1 427 456 37.6 38.4
airport
Moorabbin 387 4258 373 413 P 337
airport
Olympic park 41.0 44,5 39.5 43.0 36.1 37.3

Table 2. Sensible and total cooling load saving for a new low-rise shopping mall centre without roof insulation for
reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
S io 2
around 1.4-2.0 kWh/m? S
which is equiva/ent to 3.2- Sensible cooling  Total cooling Sensible cooling  Total cooling
4.2 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalonairport 14 34 14 32 49 118 69 155
Coldstream 2.0 4.4 2.0 4.2 6.1 13.6 7.8 16.5
For Scenario 2, the total Essendon 1.5 3.5 1.5 2.3 6.5 14.9 8.7 18.8
cooling load saving is tF)reaa”C'r‘ftO” 15 39 15 3.7 6.0 160 89 214
around 6.9-9.1 kWh/m? Melbourme
which is equivalent to 15.5- airport 1.5 35 1.6 33 6.6 149 88 18.6
21.4 % total cooling load :
. g Moorabbin 15 38 15 36 61 158 91 212
reduction. airport

Olympic park 1.5 3.6 1.5 3.4 4.9 12.0 7.3 16.3




In the eleven weather
stations in Melbourne,
the combined building-
scale and urban-scale
application of cool roofs
can reduce the cooling
load of the new low-rise
shopping mall centre
with insulation during the
summer season.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for new low-rise shopping mall centre with weather data simulated by WRF for COP=1 for
heating and cooling.

huﬁiﬂﬁ;

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for new low-rise shopping mall centre with weather data simulated by
WREF for COP=1 for heating and cooling.

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new low-rise shopping mall centre with weather
data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a new low-rise shopping mall centre for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (0.1-0.3 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantb/ lower than Avalon airport 99.5 112.4 2.9 7.9 95.9 108.6 2.9 8.1
the annual Coo/ing load Coldstream 107.0 1186 3.7 10.3 1024 1139 3.8 10.6
reduction (3.7-4.7 kWh/m?). Essendon 1071 1178 2.3 6.3 1034 1140 23 6.4
Frankston
beath 87.4 1012 1.3 3.2 830 967 13 33
Melbourne 1023 1105 26 7.2 987 1068 26 7.4
airport
Moorabbin 1041 1165 1.9 5.2 1002 1125 2.0 53
airport
Olympic park 1138 1263 1.7 4.4 1089 1213 1.7 4.5

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for new low-rise shopping mall centre using
annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 3'3_4'0 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Avalonairport 36 37 38 34 00 02 36 35 36 30
The annual total cooling valon airpor
and heatl'ng load saving by Coldstream 4.6 43 4.7 4.0 0.1 0.3 4.5 4.1 4.5 3.5
building-scale application Essendon 37 35 38 33 00 01 37 34 37 30
of cool roofs ranges Frankston
44 50 45 45 00 01 43 49 44 42
between 3.5 and 4.9 kWh/ beach
2 [~ _ 0
m?(~2.9-4.2 %). Melbourne 54 35 37 33 01 02 35 34 35 29
airport
Moorabbin 54 37 40 34 00 01 38 36 38 3.4
airport
Olympic park 4.9 4.3 5.0 4.0 0.0 0.1 4.8 4.2 4.9 3.7




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for new low-rise shopping mall centre under free floating conditions during a typical summer
week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new low-rise shopping mall centre under free floating conditions during a typical summer
week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.3-42.2 °C and
20.2-45.9 °C in Frankston
beach and Coldstream
stations, respectively.

Indoor Air Temperature (°C)

Reference scenario vs scenario 1
Reference scenario vs scenario 2
2 -
0 ; T Y | ' T ! T Y T ;
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new low-rise shopping mall centre under free-floating conditions during a typical summer week in
Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.5°Cand 0.7 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.0 °C

in Frankston beach and
Coldstream stations.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new low-rise shopping mall centre under free-floating conditions during a typical summer week in
Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.

Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease slightly from
a range 13.4-27.0°Cin
reference scenario to

a range 13.3-26.7 °C in
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new low-rise shopping mall centre under free-floating
condition during a typical winter week in Frankston beach station using annual measured weather data.

The indoor air temperature
is predicted to reduce
from a range 11.8-28.2

°C in reference scenario
toarange 11.7-28.0°Cin
scenario 1 in Coldstream
station.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new low-rise shopping mall centre under free-floating
condition during a typical winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.2 °C and 0.3°C
in Frankston beach and
Coldstream stations,
respectively.

Indoor temp reduction-Reference scenario vs scenario 1 {(°C)

0.5 1
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new low-rise shopping mall centre under free-floating conditions during a typical winter
month in Frankston beach station using annual measured weather data.

Temperature decrease
mainly happens during the
non-heating period when
indoor temperature is
higher than the threshold.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new low-rise shopping mall centre under free-floating conditions during a typical winter
month in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typical winter scenario Reference with
month, the total number cool roof scenario
thours with an indoor Operational Total Operational Total
air temperature (<19 °C) hours* hours*

is predicted to slightly Frankston

increase from 283 hours beach 32 283 S A7
in reference scenario to Coldstream 65 355 68 361

287 hours, and from 355
to 361 hours in scenario
1 in Frankston beach
and Coldstream stations,
respectively.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from 32
hours in reference scenario
to 34 hours; and from 65
to 68 hours in scenario

1in Frankston beach

and Coldstream stations,

respectively.
Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
During a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor temperature

. . scenario
air temperature (>26 °C) is
predicted to decrease from Frankston 430 g 282
430 hours in reference beach
scenario to 418 and 382 Coldstream 455 444 408

hours under scenario 1
and 2 in Frankston beach
station; and from 455
hours in reference scenario
to 444 and 408 hours
under scenario 1 and 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing
approach has the higher
cost over the building’s

life cycle compared to the
coating cool roof option.
(Table 8).

7

Table 7.

Building 05 is a good
example of a new,
insulated, low-rise building
where, despite its rather
limited energy conservation
potential, the coating

cool roof is a feasible
investment, over the
building’s life cycle, due to
the big impact of the roof
on the building’s cooling
loads.

The building and its energy performance

Building 05 is a new, low-rise commercial building, with a total air-conditioned area
of 2.200 m? distributed on two levels. The 1.100 m? roof is insulated, resulting in low
energy losses and, consequently, in a limited energy saving potential, despite the
roof’s significant impact on the building’s energy requirements. The main features
of the building’s energy performance both for Frankston Beach and for Coldstream
weather conditions, are presented in Table 7.

Energy performance features of Building 05.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 91,9 113,4
Energy consumption after cool roof (MWh) 88,0 109,6
Energy savings (MWh) 39 38
Energy savings (%) 4,24 % 335%
Area (m?) 1.100 1.100
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 4,24
% for the Frankston Beach weather conditions and of 3,35 % for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater life
expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a
significant reduction of
life cycle costs over the
building’s life cycle, that
varies between 22,9 %
for the low energy price
scenario for Frankston
and 24,6 % for the high
energy scenario and for
Coldstream condlitions
(Table 8).

The metal cool roof is

due to its higher initial
investment cost not
feasible, or only marginally
so.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 05 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

(=]

250,000 500,000 750,000 1,000,000

m Coating Cool Roof m Metal Cool Roof  m Do Nothing

Figure 12. Life Cycle Costs for Building 05 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -1,49 % 2,03 % -1,00 % 1,87 %
Coating Cool Roof 22,95 % 24,86 % 23,01 % 24,56 %
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CONCLUSIONS

* In the eleven weather stations in
Melbourne, the combined building-
scale and urban scale application of cool
roofs can reduce the cooling load of
the new low-rise shopping mall centre
during the summer season. Overall,
the simulation results indicate that the
cooling load reductions by cool roofs can
be significant if they are implemented at
an urban scale.

« In the eleven weather stations in
Melbourne, the total cooling load
of a typical low-rise shopping mall
centre under the reference scenario
is approximately 41.8 and 47.7 kWh/
m?, which reduces to a range between
40.3 and 45.7 kWh/m? under Reference
with cool roof scenario (scenario 1). As
computed, the total cooling load saving
by building-scale application of cool
roofs is around 1.4-2.0kWh/m? (~ 3.2-4.2
%) (See Table 1 and 2 and Figures 1 and
2).

* In the eleven weather stations in
Melbourne, the total cooling load of low-
rise shopping mall centre is estimated
to be around 6.9-9.1 kWh/m? lower
under cool roof with modified urban
temperature scenario (scenario  2)
compared to the reference scenario. This
is equivalent to 15.5-21.4 % total cooling
load saving by combined building-scale
and urban-scale application of cool roof.

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.1-0.3 kWh/m?) is
significantly lower than the annual
cooling load reduction (3.7-4.7 kWh/
m?2). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 3.3-4.0%. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 3.5 and 4.9
kWh/m? (~2.9-4.2 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 21.3-42.2 °C
and 20.2-45.9 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.5 and 0.7 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction
is foreseen to increase further to 2.0 °C
by combined building-scale and urban-
scale application of cool roofs (scenario
2) in Frankston beach and Coldstream
stations (See Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °Cin cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 13.4 and
27.0 °C in reference scenario to a range
between 13.3 and 26.7 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 11.8 and 28.2 °C in reference
scenario to a range between 11.7 and
28.0 °C in reference with cool roof
scenario (scenario 1) in Coldstream
station (See Figures 8 and 9).

* During a typical winter month and under
free floating condition, the maximum
indoor air temperature reduction by
building-scale application of cool roofs
is predicted to be just 0.2 °C and 0.3
°C in Frankston beach and Coldstream
stations, respectively. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 283 hours
in reference scenario to 287 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
also show a slight increase in total
number of hours below 19 °C from 355
hours in reference scenario to 361 hours
in reference with cool roof scenario
(scenario 1). The results show less
increase in total number hours below
19 °C between the two scenarios (i.e.
reference scenario and reference with
cool roof scenario (scenario 1)) during
operational hours of the building. The
number operational hours with air
temperature <19 °C during is expected
to slightly increase from 32 hours in
reference scenario to 34 hours; and
from 65 to 68 hours in scenario 1
in Frankston beach and Coldstream
stations, respectively.

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 430 hours under
the reference scenario in Frankston
beach station, which decreases to 418
and 382 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively. The
simulations in Coldstream station also
illustrate a reduction in number of
hours above 26 °C from 455 hours in
reference scenario to 444 in reference
with cool roof scenario (scenario 1) and
408 hours in cool roof and modified
urban temperature scenario (scenario
2), respectively (See Table 6).

* As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing' approach
has the higher cost over the building's
life cycle compared to the coating
cool roof option. The latter leads to a
significant reduction of life cycle costs
over the building's life cycle, that varies
between 22,9 % for the low energy
price scenario for Frankston and 24,6
% for the high energy scenario and for
Coldstream conditions, as it can be seen
in Table 8. The metal cool roof is due
to its higher initial investment cost not
feasible, or only marginally so. Building
05 is in that sense a good example
of a new, insulated, low-rise building
where, despite its rather limited energy
conservation potential, the coating cool
roof is a feasible investment, over the
building's life cycle, due to the big impact
of the roof on the building's cooling
loads.
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Floor area :1100m?
Number of stories 14

Image source: Yamanto Central, Brisbane

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 06

NEW MID-RISE SHOPPING MALL CENTRE

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for a new mid-rise shopping mall centre without roof insulation for two
summer months (i.e. January and February) under three scenarios including reference scenario, reference
with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2)
with weather data simulated by WRF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; : Sensible  Total Sensible  Total Sensible  Total
Cf)O/lI’)g /OC{O’ Ofa new mid- cooling cooling cooling cooling cooling cooling
rise shopping mall centre (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
from 40.2-45.9 kWh/m? to Avalon airport  39.9 42.9 39.2 422 35.7 36.7
39.5-45.0 kWh/m?. Coldstream 432 45.9 423 45.0 38.0 39.0
Essendon 41.9 449 41.2 441 36.1 36.9
Frankston 36.2 40.2 355 395 30.9 32,0
beach
Melbourne 425 45.4 418 44.7 36.7 37.4
airport
Moorabbin 37.1 412 36.4 40.4 317 28
airport
Olympic park 39.4 42.9 38.7 422 35.2 36.4

Table 2. Sensible and total cooling load saving for a new mid-rise shopping mall centre without roof insulation for
reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
> (Scenario 2)
around 0.7-1.0 kWh/m
which is equiva/ent to 1.6- Sensible cooling  Total cooling Sensible cooling  Total cooling
2.1 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalonairport 07 1.7 07 16 42 105 62 144
Coldstream 1.0 2.2 1.0 2.1 5.2 12.1 6.9 15.1
For Scenario 2, the total Essendon 0.7 1.7 0.7 1.6 5.8 13.8 8.0 17.8
cooling load saving is tF)reaa”C'r‘ftO” 0.7 19 07 1.8 5.3 147 82 204
around 6.2-8.2 kWh/m? Melbourme
which is equivalent to 14.4- airport 0.7 1.7 07 1.6 5.8 137 80 17.6
20.4 % total cooling load :
. g Moorabbin 07 19 07 17 54 146 84 203
reduction. airport

Olympic park 0.7 1.8 0.7 1.7 4.2 106 65 15.1




In the eleven weather
stations in Melbourne,
the combined building-
scale and urban-scale
application of cool roofs

can significantly reduce the

cooling load of a new mid-
rise shopping mall centre

during the summer season.

Figure 1.

Figure 2.

Figure 3.
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Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for new mid-rise shopping mall centre with weather data simulated by WRF for COP=1 for
heating and cooling.
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Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for new mid-rise shopping mall centre with weather data simulated by
WREF for COP=1 for heating and cooling.
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Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario

2) for two summer months (i.e. January and February) for a new mid-rise shopping mall centre with
weather data simulated by WRF for COP=1 for heating and cooling.




ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a new mid-rise shopping mall centre for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (0.0-0.1 kWh/m?)

Sensible Total

Sensible Total

Sensible Total

Sensible Total

is significantl)/ lower than Avalon airport 93.1 105.8 2.4 7.4 91.4 104.1 2.4 7.5
the annual Coo//ng load Coldstream 1000 1115 3.2 9.8 97.8 1093 3.3 9.9
reduction (1.6-2.3 kWh/m?). Essendon 1011 1117 1.9 5.8 993 1099 1.9 5.8
Frankston
beach 819 956 1.0 2.7 799 935 1.0 2.8
Melbourne 96.1 1043 22 6.8 945 1026 22 6.9
airport
Moorabbin 980 1103 16 47 962 1085 1.6 4.7
airport
Olympic park 107.2 1197 13 3.8 1050 1174 13 3.9

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for new mid-rise shopping mall centre using

annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 7.6-2.2 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
; Avalonairport 16 18 17 16 00 01 16 17 16 14
The annual total cooling valon airpor
and heatl'ng load saving by Coldstream 2.1 2.1 2.2 2.0 0.0 0.1 2.1 2.0 2.1 1.7
building-scale application Essendon 7 17 18 16 00 01 1.7 17 17 14
of cool roofs ranges Frankston
20 25 21 22 00 00 20 24 20 21
between 1.6-2.1 kWh/m? beach
~ _ 0
(~1.4-2.1%). Melbourne ;¢ 417 46 16 00 01 16 16 16 14
airport
Moorabbin ;4 45 48 16 00 01 17 18 18 15
airport
Olympic park 2.3 2.1 2.3 1.9 0.0 0.1 2.2 2.1 2.3 1.8
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for new mid-rise shopping mall centre under free floating conditions during a typical summer
week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new mid-rise shopping mall centre under free floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.8-41.8 °C and
20.8-45.4°C in Frankston
beach and Coldstream
stations, respectively.
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.4°C and 0.5 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 1.8 °C

in Frankston beach and
Coldstream stations.

(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new mid-rise shopping mall centre under free-floating conditions during a typical summer week in
Frankston beach station using weather data simulated by WRF.

2
Reference scenario vs scenario 1
Reference scenario vs scenario 2

)
e
o
2
i
[14]
(=]
5
—
<
o
]
p=]
£

0 g T ' T 1 T 3 T 1 T 1

8 Feb 9Feb 10Feb 11Feb 12Feb 13Feb 14 Feb

Date

Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario

(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new mid-rise shopping mall centre under free-floating conditions during a typical summer week in
Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.

Frankston beach and Coldstream) using annual
measured weather data.
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to slightly reduce from
a range 14.1-26.4 °C in
reference scenario to

a range 14.1-26.2 °C in
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new mid-rise shopping mall centre under free-floating
condition during a typical winter week in Frankston beach station using annual measured weather data.

The indoor air temperature
is predicted to slightly
reduce from a range
12.7-27.6 °C in reference
scenario to a range 10.7-
12.7-27.4.°C in scenario 1
in Coldstream station.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new mid-rise shopping mall centre under free-floating

condition during a typical winter week in Coldstream station using annual measured weather data.



0.3

For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.1 °Cand 0.2

°C in Frankston beach

and Coldstream stations,
respectively.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario

(scenario 1) for a new mid-rise shopping mall centre under free-floating conditions during a typical winter
month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new mid-rise shopping mall centre under free-floating conditions during a typical winter
month in Coldstream station using annual measured weather data.



€ For free-floating condition in weather stations
presenting the lowest and highest ambient
temperatures in Melbourne (i.e. Frankston beach
and Coldstream) using annual measured weather
data.

5

NUMBER OF HOURS WITH INDOOR AIR
TEMPERATURE BELOW 19°C DURING

A TYPICAL COLD PERIOD AND ABOVE
26°C DURING A TYPICAL WARM PERIOD®

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter

During a typical winter
month, the total number
of hours with an indoor
air temperature (<19 °C)
is predicted to slightly
increase from 244 hours
in reference scenario to
247 hours, and from 331
to 334 hours in scenario
1 in Frankston beach
and Coldstream stations,
respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from 26
hours in reference scenario
to 27 hours; and from 63
to 64 hours in scenario

1in Frankston beach

and Coldstream stations,
respectively.

Table 6.

month using annual measured weather data.

Stations Reference Scenario 1

scenario Reference with

cool roof scenario

Operational Operational

hours* Total hours* Total
Frankston
beach 26 244 27 247
Coldstream 63 331 64 334

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer

month using weather data simulated by WRF.

During a typical summer
month, the total number
of hours with an indoor
air temperature (>26 °C) is
predicted to decrease from
455 hours in reference
scenario to 451 and 398
hours under scenario 1
and 2 in Frankston beach
station; and from 479
hours in reference scenario
to 473 and 425 hours
under scenario 1 and 2

in Coldstream station,
respectively.

Stations Reference Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban

temperature
scenario

Frankston

beach 455 398

Coldstream 479 425
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has the higher
cost over the building’s

life cycle compared to the
coating cool roof option.

The building and its energy performance

Building 06 is a new, mid-rise commercial building, with a total air-conditioned area
of 4.400 m? distributed on four levels. The 1.100 m? roof is insulated, resulting in
low energy losses and, consequently, in a very limited energy saving potential. The
main features of the building's energy performance both for Frankston Beach and
for Coldstream weather conditions, are presented in Table 7.

Table 7. Energy performance features of Building 06.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 173,0 213,5
Energy consumption after cool roof (MWh) 169,5 209,8
Energy savings (MWh) 3,5 3.7
Energy savings (%) 2,02% 1,73%
Area (m?) 1.100 1.100
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

Building 06 is an
interesting example of

a new, insulated, mid-

rise commercial building
where, despite its rather
limited energy conservation
potential, the coating

cool roof is a feasible
investment, over the
building’s life cycle, due to
the large impact of the roof
on the building’s cooling
loads.

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 2,02
% for the Frankston Beach weather conditions and of 1,73 % for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater life
expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a
significant reduction of
life cycle costs over the
building’s life cycle, that
varies between 23,1 %

for the low energy price
scenario for Frankston and
24,1 % for the high energy
scenario for the same
conditions(Table 8).

The metal cool roof is

due to its higher initial
investment cost not
feasible, or only marginally
so.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions respectively.

Life Cycle Costs for Building 06 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price
Frankstan Beach High Energy Price

Frankstan Beach Low Energy Price

0 500,000 1,000,000 1,500,000 2,000,000
o Coating Cool Roef B Metal Cool Roof B Do Nething
Figure 12. Life Cycle Costs for Building 06 for Frankston Beach and Coldstream stations.
Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.
Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -0,26 % 1,63 % 0,19 % 1,73 %
Coating Cool Roof 23,09 % 24,11 % 23,27 % 24,09 %
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CONCLUSIONS

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
can significantly reduce the cooling load
of a new mid-rise shopping mall centre
during the summer season.

* In the eleven weather stations in
Melbourne, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
the mid-rise shopping mall centre from
40.2-45.9 kWh/m? to 39.5-45.0 kWh/m?.
As computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.7-1.0 kWh/m2. This is equivalent to
approximately 1.6-2.1 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

« In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 6.2-8.2 kWh/m?2.
This is equivalent to 14.4-20.4 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.0-0.1 kWh/m?) is
significantly lower than the annual
cooling load reduction (1.6-2.3 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 1.6-2.2 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 1.6 and 2.1
kWh/m? (~1.4-2.1%) (See Table 3 and 4).

*+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 21.8-41.8 °C
and 20.8-45.4 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.4 and 0.5 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction
is foreseen to increase further to 1.8 °C
by combined building-scale and urban-
scale application of cool roofs (scenario
2) in Frankston beach and Coldstream
stations (See Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °Cin cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

« During a typical winter week and
under free floating condition, the
indoor air temperature is expected to
reduce slightly from a range between
14.1-26.4 °C in reference scenario to a
range between 14.1-26.2 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce between
12.7 and 27.6 °C in reference scenario
to a range between 12.7 and 27.4 °C
in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month and
under free floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just
0.1 °C and 0.2 °C in Frankston beach
and Coldstream stations, respectively.
Positively, ~ temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figures
10 and 11).

During a typical winter month and under
free floating condition, the total number
of hours with an indoor air temperature
below 19 °C is predicted to increase
slightly from 244 hours in reference
scenario to 247 hours in reference
with cool roof scenario (scenario 1) in
Frankston beach station. The estimations
for Coldstream stations also show a
slight increase in total number of hours
below 19 °C from 331 hours in reference
scenario to 334 hours in reference
with cool roof scenario (scenario 1).
The results show less increase in total
number hours below 19 °C between the
two scenarios (i.e. reference scenario
and reference with cool roof scenario
(scenario 1)) during operational hours
of the building. The number operational
hours with air temperature <19 °C during
is expected to slightly increase from 26
hours in reference scenario to 27 hours;
and from 63 to 64 hours in scenario
1 in Frankston beach and Coldstream
stations, respectively.

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 455 hours under
the reference scenario in Frankston
beach station, which decreases to 451
and 398 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively. The
simulations in Coldstream station also
illustrate a reduction in number of
hours above 26 °C from 479 hours in
reference scenario to 473 in reference
with cool roof scenario (scenario 1) and
425 hours in cool roof and modified
urban temperature scenario (scenario
2), respectively (See Table 6).

+ As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing' approach
has the higher cost over the building's
life cycle compared to the coating
cool roof option. The latter leads to a
significant reduction of life cycle costs
over the building's life cycle, that varies
between 23,1 % for the low energy price
scenario for Frankston and 24,1 % for
the high energy scenario for the same
conditions, as it can be seen in Table 8.
The metal cool roof is due to its higher
initial investment cost not feasible, or
only marginally so. Building 06 is in that
sense an interesting example of a new,
insulated, mid-rise commercial building
where, despite its rather limited energy
conservation potential, the coating cool
roof is a feasible investment, over the
building’s life cycle, due to the large
impact of the roof on the building's
cooling loads.
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Floor area :1100m?
Number of stories 16

Image source: Mall of America, Minneapolis

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 07

NEW HIGH-RISE SHOPPING MALL CENTRE

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
"'Refelrence scenario, scenario 1, anq sce‘nario FO R TW O S U M M E R M O N T H S U N D E R
eome g estes s smincdse - THREE SCENARIOS®

Table 1. Sensible and total cooling load for a new high-rise shopping mall centre for two summer months (i.e.
January and February) under three scenarios including reference scenario, reference with cool roof
scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with weather
data simulated by WRF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on of cool I’OOfS cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
: : Sensible  Total Sensible  Total Sensible  Total
Cf)O/lI’)g /OC{O’ Ofa new hlgh_ cooling cooling cooling cooling cooling cooling
rise shopping mall centre (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
from 39.6-45.3 kWh/m? to Avalon airport  39.3 423 389 418 35.4 36.4
39.1-44.7 kWh/m?. Coldstream 426 453 420 44.7 37.7 387
Essendon 41.3 44.2 40.8 43.8 35.8 36.5
Era”ksm” 356 39.6 35.2 39.1 30.6 317
each
Melbourne 419 448 41.4 44.3 36.3 37.1
airport
Moorabbin 36.5 40.5 36.1 401 314 2.4
airport
Olympic park 38.8 42.3 38.3 41.8 34.9 36.1

Table 2. Sensible and total cooling load saving for a new high-rise shopping mall centre for reference scenario versus
reference with cool roof scenario (scenario 1), and reference scenario versus cool roof with modified
urban temperature scenario (scenario 2) for two summer months (i.e. January and February) with weather
data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
S io 2
around 0.5-0.6 kWh/m? S
which is equiva/ent to 1.0- Sensible cooling  Total cooling Sensible cooling  Total cooling
1.4 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalon airport 0.4 1.1 0.4 1.0 3.9 100 59 14.0
Coldstream 0.6 1.5 0.6 1.4 49 11.6 6.7 14.7
For Scenario 2, the total Essendon 0.5 1.1 0.5 1.1 5.5 13.4 7.7 17.5
cooling load saving is tF)reaa”C'r‘ftO” 0.5 13 05 1.2 5.0 142 79 200
around 5.9-8.1 kWh/m? Melbourme
which is equivalent to 14.0- airport 0.5 1.1 0.5 1.1 5.6 133 77 17.3
20.0 % total cooling load :
. g Moorabbin 04 12 05 1.1 52 141 8.1 19.9
reduction. airport

Olympicpark 0.5 1.2 05 1.1 3.9 100 62 147




In the eleven weather - kWhimz

. | Value
stations in Melbourne, ; ;'3;45-3

the combined building-
scale and urban-scale
application of cool roofs
can significantly reduce the
cooling load of a new high-
rise shopping mall centre
during the summer season.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a new high-rise shopping mall centre with weather data simulated by WRF for COP=1 for
heating and cooling.
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Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for a new high-rise shopping mall centre with weather data simulated
by WRF for COP=1 for heating and cooling.

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new high-rise shopping mall centre with
weather data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario and scenario 1; estimated AN N UAL CO O |_| N G AN D H EAT| N G LOAD

for eleven weather stations in Melbourne using

measured annual climate data. U N D E R TWO SC E N AR' O Sb

Table 3. Annual cooling and heating loads for a new high-rise shopping mall centre for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1

The annual COO//ng scenario Reference with

and heating simulation cool roof scenario

usmg GI’)HUG/ measured Annual Annual Annual Annual

weather data illustrates cooling load heating load cooling load heating load

that the Gnnual heat/ng (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

penalty (0_0_0.7 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total

is significantl)/ lower than Avalon airport 90.7 103.4 2.3 7.3 89.7 102.3 2.3 7.4

the annual coo//'ng load Coldstream 97.5 1089 3.1 9.7 96.1 107.5 3.1 9.7

reduction (1.0-1.5 kWh/m?). Essendon 988 1093 1.8 5.7 97.7 1082 18 5.7
Ereaa”cfm” 798 934 09 26 785 921 09 2.6
'a\’i'fgtc’)cr’t“me 939 1020 2.1 6.7 929  101.0 2.1 6.8
g’i'ro;orftbbi” 957 1080 15 4.6 946 1068 15 4.6
Olympic park 1048 1172 1.2 3.7 1034 1157 1.2 3.7

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference scenario
versus reference with cool roof scenario (scenario 1) for a new high-rise shopping mall centre using annual
measured weather data for COP=1 for heating and cooling.

Stations Annual Annual Annual total

The.annual COO/ing load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 7'0_7.4 %. Sensible Total Sens. Total Sensible Total
kWh/m? % KWh/m? % KWh/m? kWh/m? % kWh/m? %

. Aval i t 1.1 1.2 1.1 1.1 0.0 0.1 1.0 1.1 1.0 0.9
The annual total cooling valon airpor

and heatl'ng /Oad saving by Coldstream 1.4 1.4 1.4 1.3 0.0 0.1 1.4 1.4 1.3 1.1
building-scale application Essendon 111 11 10 00 01 11 11 14 09
of cool roofs ranges Frankston
13 16 13 14 00 00 13 16 13 13
between 1.0 and 1.4 kWh/ beach
2 [~ _ 0,
m? (~0.9-1.3 %). Melbourne 45 44 40 40 00 01 10 10 10 09
airport
Moorabbin 44 45 45 41 00 00 114 114 11 10
airport

Olympic park 1.4 1.4 1.5 1.3 0.0 0.0 1.4 1.4 1.4 1.2




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FRE
FLOATING CONDITION DURING A

F-

TYPICAL WARM PERIOD UNDER THREE

SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new high-rise shopping mall centre under free floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new high-rise shopping mall centre under free floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 22.0-41.6 °C and
20.9-45.2 °C in Frankston
beach and Coldstream
stations, respectively.

Indoor Air Temperature (°C)

Reference scenario vs scenario 1

Reference scenario vs scenario 2
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new high-rise shopping mall centre under free-floating conditions during a typical summer week

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.4 °C in Frankston
beach and Coldstream
stations.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 1.8 °C and
1.7 °C in Frankston beach
and Coldstream stations,
respectively.

in Frankston beach station using weather data simulated by WRF.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new highrise shopping mall centre under free-floating conditions during a typical summer week in
Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.

Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to slightly decrease from
a range 14.3-26.2 °C in
reference scenario to

a range 14.3-26.1°Cin
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and

The indoor air temperature
is predicted to reduce
from a range 13.0-27.4

°C in reference scenario
toarange 12.9-27.3°Cin
scenario 1 in Coldstream
station.

reference with cool roof scenario (scenario 1) for a new high-rise shopping mall centre under free-floating
condition during a typical winter week in Frankston beach station using annual measured weather data.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and

reference with cool roof scenario (scenario 1) for a new high-rise shopping mall centre under free-floating
condition during a typical winter week in Coldstream station using annual measured weather data.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new high-rise shopping mall centre under free-floating conditions during a typical winter

month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new high-rise shopping mall centre under free-floating conditions during a typical winter
month in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typrG/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor . .

. . Operational Total Operational Total
air temperature (<19 °C) is hours* ota hours* ota
predicted to remain almost Frankston e e e e
the same with 236 and 325 beach
hours for both scenarios Coldstream 63 325 64 326

in Frankston beach and
Coldstream stations,
respectively.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

The number operational
hours with air temperature
<19 °C during remain the
same in reference scenario
compared to scenario 1

in Frankston beach and
Coldstream stations.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

: . Stations Reference Scenario 1 Scenario 2
Durmg a typ/ca/ summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor LG

. scenario
air temperature (>26 °C)
is predicted to slightly Frankston
decreased from 460 hours beach 460 459 404
in reference scenario to Coldstream 482 482 431

404 hours under scenario 2
in Frankston beach station;
and from 482 hours in
reference scenario to 431
hours under scenario 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s
existing roof insulation,
the ‘Do Nothing’ approach
has the higher cost over
the building’s life cycle
compared to the coating
cool roof option.

Table 7.

Building 07 is a good
example of a new,
insulated, high-rise
commercial building
where, despite its rather
limited energy conservation
potential, the coating

cool roof is a feasible
investment, over the
building’s life cycle, due to
the large impact of the roof
on the building’s cooling
loads.

The building and its energy performance

Building 07 is a new, high-rise commercial building, with a total air-conditioned area
of 6.600 m? distributed on six levels. The 1.100 m? roof is insulated, resulting in low
energy losses and, consequently, in a very limited energy saving potential, given
also the small impact of the roof on the overall building’s energy demand. The main
features of the building’'s energy performance both for Frankston Beach and for
Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 07.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 2534 313,1
Energy consumption after cool roof (MWh) 250,0 309,4
Energy savings (MWh) 34 37
Energy savings (%) 1,34% 1,18%
Area (m?) 1.100 1.100
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 1,34
% for the Frankston Beach weather conditions and of 1,18 % for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater life
expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a
significant reduction of
life cycle costs over the
building’s life cycle, that
varies between 23,2 %

for the low energy price
scenario for Frankston and
24,0 % for the high energy
scenario for Coldstream
conditions (Table 8).

The metal cool roof is
due to its higher initial
investment cost only
marginally feasible.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions respectively.

Life Cycle Costs for Building 07 Melbourne
Coldstream High Energy Price

Coldstream Low Energy Price

Frankston Beach High Energy Price
Frankston Beach Low Energy Price
o SOCLO00 1,000,000 1,500,000 2,000,000 2,500,000 3 000,000
m Coating Cool Roof m Metal Cool Roof m Do Nothing

Figure 12. Life Cycle Costs for Building 07 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof 0,30 % 1,60 % 0,65 % 1,71 %
Coating Cool Roof 23,23 % 23,93 % 23,38% 23,95 %
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CONCLUSIONS

* It is estimated that the combined
building-scale and  urban  scale
application of cool roof can significantly
reduce the cooling load of the new high-
rise shopping mall centre during the
summer season.

+ In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the new high-rise shopping
mall centre from 39.6-45.3 kWh/m? to
39.1-44.7 kWh/m? . As computed, the
two summer months total cooling load
saving by building-scale application
of cool roofs is around 0.5-0.6 kWh/
m2. This is equivalent to approximately
1.0-1.4 % total cooling load reduction
in reference with cool roof scenario
(scenario 1) compared to the reference
case scenario (See Table 1 and 2 and
Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 5.9-8.1 kWh/m?2.
This is equivalent to 14.0-20.0 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.0-0.1 kWh/m?) is
significantly lower than the annual
cooling load reduction (1.0-1.5 kWh/
m?2). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 1.0-1.4 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 1.0 and 1.4
kWh/m? (~0.9-1.3 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 22.0-41.6 °C
and 20.9-45.2 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated
to be 0.4 °C in Frankston beach and
Coldstream stations. The indoor air
temperature reduction is foreseen to
increase further to 1.8 and 1.7 °C by
combined building-scale and urban-
scale application of cool roofs (scenario
2) in Frankston beach and Coldstream
stations, respectively (See Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °Cin cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

+ During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 14.3 and
26.2 °C in reference scenario to a range
between 14.3 and 26.1 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 13.0 and 27.4 °C in reference
scenario to a range between 12.9 and
27.3 °C in reference with cool roof
scenario (scenario 1) in Coldstream
station (See Figures 8 and 9).

+ During a typical winter month and
under free floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just
0.1 °C and 0.1 °C in Frankston beach
and Coldstream stations, respectively.
Positively, ~ temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figures
10and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to almost remain the same with 236
hours for both scenarios in Frankston
beach station. The estimations for
Coldstream stations also show the
same number of hours below 19 °C
with 325 for both scenarios. The results
show no significant increase in total
number hours below 19 °C between the
two scenarios (i.e. reference scenario
and reference with cool roof scenario
(scenario 1)) during operational hours
of the building. The number of hours
below 19 °C during operational hours
of the building (i.e. Monday to Friday,
7am-6 pm) also remain the same
between reference scenario and cool
roof scenario (scenario 1) with 26 hours
in Frankston beach station and 63 hours
in Coldstream station (See Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C. As computed, the number of hours
above 26 °C is 460 hours under the
reference scenario in Frankston beach
station, which remains almost the same
for the cool roof scenario (scenario 1:
459 hours) and decreases to 404 hours
for the cool roof and modified urban
temperature scenario (scenario 2). The
simulations in Coldstream station also
illustrate a similar reduction in number
of hours above 26 °C from 482 hours in
reference scenario to 431 hours in cool
roof and modified urban temperature
scenario (scenario 2) (See Table 6).

+ As it can be deduced from the feasibility
analysis, given the building's existing roof
insulation, the ‘Do Nothing' approach
has the higher cost over the building's
life cycle compared to the coating
cool roof option. The latter leads to a
significant reduction of life cycle costs
over the building's life cycle, that varies
between 23,2 % for the low energy price
scenario for Frankston and 24,0 % for
the high energy scenario for Coldstream
conditions, as it can be seen in Table 8.
The metal cool roof is due to its higher
initial investment cost only marginally
feasible. Building 07 is in that sense a
good example of a new, insulated, high-
rise commercial building where, despite
its rather limited energy conservation
potential, the coating cool roof is a
feasible investment, over the building's
life cycle, due to the large impact of the
roof on the building's cooling loads.
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BUILDING 08

NEW LOW-RISE APARTMENT

Floor area :624m?
Number of stories 13

Image source: KTGY Architecture and Planning
- Multi Family 3-Story Walk Up - Boulder View
Apartments.

Note: building characteristics change with climate
zones

Reference scenario Scenario 1: Scenario 2:
Reference with cool roof scenario Cool roof with modified urban
temperature scenario

Reference building as described in Same building as in the reference Same building as in the reference
Appendix with a conventional roof. scenario with a cool roof. Use of two  scenario with a cool roof. Use of
Use of two sets of climatic data sets of climatic data including one climatic data simulated by WRF
including one climatic data simulated  climatic data simulated by WRF for considering an extensive use of cool
by Weather Research Forecast (WRF)  the current condition for two summer roofs in the city.

for the current condition for two months and one measured annual

summer months and one measured weather data.
annual weather data.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295
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1

SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for a new low-rise apartment building for two summer months (i.e. January
and February) under three scenarios including reference scenario, reference with cool roof scenario
(scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with weather data
simulated by WRF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on of cool I’OOfS cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; Sensible  Total Sensible  Total Sensible  Total
Cf)O/lI’)g load Ofa n€W low- cooling cooling cooling cooling cooling cooling
rise aparment building (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
from 3.4-6.1 kWh/m? to Avalon airport 3.8 4.4 33 3.8 25 26
2.8-5.1 kWh/m?, Coldstream 5.4 6.1 45 5.1 3.4 36
Essendon 4.6 5.3 4.0 4.6 2.8 2.9
Frankston 2.8 3.4 2.3 2.8 15 15
beach
Melbourne 4.9 5.6 42 4.8 3.0 3.1
airport
Moorabbin 3.1 3.7 25 3.0 17 18
airport
Olympic park 3.8 4.4 3.2 3.8 2.4 2.6

Table 2. Sensible and total cooling load saving for a new low-rise apartment building for reference scenario versus
reference with cool roof scenario (scenario 1), and reference scenario versus cool roof with modified
urban temperature scenario (scenario 2) for two summer months (i.e. January and February) with weather
data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
S io 2
around 0.6-1.0 kWh/m? S
which is equiva/ent to 13.3- Sensible cooling  Total cooling Sensible cooling  Total cooling
18.3 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalon airport 0.6 149 06 142 14 352 18 403
Coldstream 0.9 17.0 1.0 16.2 2.0 37.0 2.5 40.8
For Scenario 2, the total Essendon 0.7 14.3 0.7 13.6 1.9 40.4 2.4 45.6
cooling load saving is tF)reaa”C'r‘ftO” 0.5 189 06 183 13 479 18 54.0
around 1.8-2.5 kWh/m? Melbourme
which is equivalent to 40.3- airport 0.7 140 07 133 20 397 25 449
54.0 % total cooling load :
. g Moorabbin 0.5 178 0.6 172 14 460 1.9 523
reduction. airport

Olympic park 0.6 15.9 0.7 15.1 1.4 36.2 1.9 42.0




In the eleven weather
stations in Melbourne,
both building-scale and
the combined building-
scale and urban scale
application of cool roofs
can reduce the cooling
load of a new low-rise
apartment buiding with
insulation during the
summer season.
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Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a new low-rise apartment building with weather data simulated by WRF for COP=1 for
heating and cooling.
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Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for a new low-rise apartment building with weather data simulated by
WREF for COP=1 for heating and cooling.
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Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new low-rise apartment building with weather
data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario aljd sgenamo 1; eSUmat.ed AN N UAL CO O |_| N G AN D H EAT| N G LOA D
et UNDER TWO SCENARIOS?

Table 3. Annual cooling and heating loads for a new low-rise apartment building for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1

The annual COO//ng and scenario Reference with

heating simulation using cool roof scenario

GI’)HUQ/ measured Weather Annual Annual Annual Annual

data illustrates that the cooling load heating load cooling load heating load

Gnnual heat/ngpenalty (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

(7_ 1-1.5 kWh/mZ) is similar Sensible Total Sensible Total Sensible Total Sensible Total

to the annual Cooling /oad Avalon airport 5.3 6.3 27.7 41.2 4.6 5.6 28.6 42.3

reduction (0.9-1.3 kWh/m?). Coldstream 8.1 9.8 288 437 70 8.6 300 452
Essendon 7.6 8.9 26.0 38.6 6.8 7.9 26.8 39.7
Ereaa”cfm” 4.7 6.0 222 335 39 5.0 232 348
'a\’i'fgtc’)cr’t“me 6.9 7.9 287 424 62 7.1 296 435
g’i'ro;orftbbi” 6.6 8.1 235 351 58 7.1 243 362

Olympic park 8.0 9.8 20.3 30.7 6.9 8.5 21.2 31.9

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for a new low-rise apartment building using
annual measured weather data for COP=1 for heating and cooling.

Stations Annual Annual Annual total

The.annual C.OO./ing load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 70' 8- 73'2 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % KWh/m? % KWh/m? kWh/m? % kWh/m? %

. Avalonairport 06 117 08 121 09 11 03 -08 03 -07
The annual total cooling valon airpor

and heatl'ng /Oad saving by Coldstream 1.0 129 1.2 12.3 1.2 1.5 -0.1 -0.3 -0.3 -0.5
building-scale application Essendon 08 109 10 110 08 11 00 01 -01 -02
of cool roofs ranges Frankston
08 169 10 167 10 13 -02 07 -03 -09
between -0.3 and 0.1 kWh/ beach
2 [~ _ 0,
m? (~-0.7 to 0.2 %). Melbourne 4 408 09 108 09 114 01 -04 -02 -05
airport
Moorabbin = g 195 09 115 08 14 01 03 02 -04
airport

Olympic park 1.1 133 1.3 132 09 1.2 0.1 0.5 0.1 0.2




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FRE
FLOATING CONDITION DURING A

F-

TYPICAL WARM PERIOD UNDER THREE

SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new low-rise apartment building under free floating conditions during a typical summer

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new low-rise apartment building under free floating conditions during a typical summer

week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 19.3-31.4°C and
18.9-33.8 °C in Frankston
beach and Coldstream
stations, respectively.

Reference scenario vs scenario 1
Reference scenario vs scenario 2
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new low-rise apartment building under free-floating conditions during a typical summer week in
Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.6 °C and 0.8 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined

building- and urban-scale),

the maximum indoor
temperature reduction
increases up to 1.7 °C and
1.9 °C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new low-rise apartment building under free-floating conditions during a typical summer week in
Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease slightly from
arange 12.3-18.2°Cin
reference scenario to
arange 12.3-18.0°Cin
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new low-rise apartment building under free-floating
condition during a typical winter week in Frankston beach station using annual measured weather data.

The indoor air temperature
is predicted to reduce
from arange 11.2-18.5

°C in reference scenario
toarange 11.1-18.2°Cin
scenario 1 in Coldstream
station.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new low-rise apartment building under free-floating
condition during a typical winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.2 °C for both
Frankston beach and
Coldstream stations.

Indoar temp reduction-Reference scenario vs scenario 1 ("C)

20
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new low-rise apartment building under free-floating conditions during a typical winter
month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario

(scenario 1) for a new low-rise apartment building under free-floating conditions during a typical winter
month in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typiCCl/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor

air temperature (<19 °C) Frankston 729 737

is predicted to slightly

increase from 729 hours in Coldstream Y 735

reference scenario to 737
and hours and from 731
to 735 hours in scenario
1 in Frankston beach
and Coldstream stations,
respectively.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

Duri tvpical Stations Reference Scenario 1 Scenario 2
uring a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor ;‘:Q‘%‘iggt”"e
air temperature (>26 °C) is

predicted to decrease from Frankston 135 14 o

135 hours in reference beach

scenario to 114 and 64 Coldstream 212 191 138

hours under scenario 1
and 2 in Frankston beach
station; and from 212
hours in reference scenario
to 197 and 138 hours
under scenario 1 and 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has a higher cost
over the building’s life cycle
compared to the coating
cool roof option.

The building and its energy performance

Building 08 is a new, low-rise apartment building, with a total air-conditioned area
of 1.872 m? distributed on three levels. The 624 m? roof is insulated, resulting in
a fairly unique situation: When applying cool roof techniques, the overall energy
savings are, albeit to a very small degree, negative, since there is an increase in
heating requirements, that is in absolute terms higher than the reduction in cooling
loads. However, due to the different efficiencies of the HVAC equipment for heating
and cooling and due to the need to perform a mid-life refurbishment of the existing
roof after 15 years, the overall economic outcome is positive for the lower cost
cool coating roof. The main features of the building's energy performance both for
Frankston Beach and for Coldstream weather conditions, are presented in Table 7.

Table 7. Energy performance features of Building 08.

Building 08 is a very
interesting example of a
new, low-rise residential
building, where the energy
conservation potential

is in practice indifferent.
However, given the need
to refurbish after a period
the existing roof, the
application of a coating
cool technology emerges as
a meaningful investment.

Energy performance features Frankston Beach Coldstream
Energy consumption prior cool roof (MWh) 29,6 40,1
Energy consumption after cool roof (MWh) 29,8 40,3
Energy savings (MWh) -0,2 -0,2
Energy savings (%) -0,68 % -0,50 %
Area (m?) 624 624
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
* A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in an energy requirements’
increase of 0,68% for the Frankston Beach weather conditions and of 0,50% for the
Coldstream conditions. Given the margin of error of simulations, in practice one can
deduce that the energy requirements remain practically unaltered. The metal roof
option has higher investment costs, but also a greater life expectancy, namely of
28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that vary
between 16,4 % for the low
energy price scenario for
Frankston and 20,6 % for
the high energy scenario
and for Coldstream
conditions (Table 8).

The metal cool roof is,
due to its higher initial
investment cost and the
indifferent energy savings,
clearly not feasible.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 08 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000

m Coating Cool Rool @ Metal Cool Roof  ® Do Mothing

Figure 12. Life Cycle Costs for Building 08 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof -11,58 % -5,66 % -8,23% -3,77 %
Coating Cool Roof 16,37 % 19,55 % 18,21 % 20,60 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban scale application of cool roof can
significantly reduce the cooling load of a
new low-rise apartment building during
the summer season.

+ In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of a new low-rise apartment from
3.4-6.1 kWh/m? to 2.8-5.1 kWh/m2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.6-1.0 kWh/m2.  This is equivalent to
approximately 13.3-18.3 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

« In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 1.8-2.5 kWh/m?2.
This is equivalent to 40.3-54.0 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the
annual heating penalty (1.1-1.5 kWh/
m?) is similar to the annual cooling
load reduction (0.9-1.3 kWh/m?). As
calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 10.8-13.2 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between -0.3 and 0.1
kWh/m? (~-0.7 to 0.2 %) (See Table 3 and
4).

*+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 19.3-31.4 °C
and 18.9-33.8 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.6 and 0.8 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 1.7 and
1.9 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

+ During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 12.3-
18.2 °C in reference scenario to a range
between 12.3-18.0 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 11.2-18.5 °C in reference
scenario to a range between 11.1-18.2
°C in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month
and under free floating condition,
the average maximum indoor air

temperature reduction by building-scale
application of cool roofs is predicted to
be just 0.2 °C for both Frankston beach
and Coldstream stations. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 729 hours
in reference scenario to 737 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
also show a slightly increase in total
number of hours below 19 °C from 731
hours in reference scenario to 735 hours
in reference with cool roof scenario
(scenario 1) (See Table 5).

+ During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C. As computed, the number of hours
above 26 °C is 135 hours under the
reference scenario in Frankston beach
station, which decreases to 114 and 64
hours under the reference with cool roof
scenario (scenario 1) and cool roof and
modified urban temperature scenario
(scenario 2), respectively.

The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
212 hours in reference scenario to 191
in reference with cool roof scenario
(scenario 1) and 138 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

+ As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing’ approach has
a higher cost over the building's life cycle
compared to the coating cool roof option,
which leads to a reduction of life cycle
costs, that vary between 16,4% for the
low energy price scenario for Frankston
and 20,6% for the high energy scenario
and for Coldstream conditions, as it can
be seen in Table 8. The metal cool roof
is, due to its higher initial investment
cost and the indifferent energy savings,
clearly not feasible. Building 08 is in
that sense a very interesting example
of a new, low-rise residential building,
where the energy conservation potential
is in practice indifferent. However, given
the need to refurbish after a period
the existing roof, the application of a
coating cool technology emerges as a
meaningful investment.
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Floor area :624m?
Number of stories 05

Image source: 282 Eldert Street, Bushwick.

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 09

NEW MID-RISE APARTMENT

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
9 Reference scenario, scenario 1, and scenario FOR TWO SUMMER MONTHS UNDER

2; estimated for eleven weather stations in

Melbourne using weather data simulated by WRF. T H R E E S C E N A R | O S(]

Table 1. Sensible and total cooling load for a new mid-rise apartment building for two summer months (i.e. January
and February) under three scenarios including reference scenario, reference with cool roof scenario
(scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with weather data
simulated by WRF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; : Sensible  Total Sensible  Total Sensible  Total
Cf)O/lI’)g load Ofa n€W mid- cooling cooling cooling cooling cooling cooling
rise aparment building (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
from 3.1-5.7 kWh/m? to Avalon airport 3.6 4.1 3.2 3.7 2.4 2.6
2.7-5.1 kWh/m?, Coldstream 5.0 5.7 45 5.1 33 35
Essendon 4.3 4.9 3.9 4.5 2.7 2.8
Frankston 25 3.1 22 2.7 15 15
beach
Melbourne 46 5.2 42 4.8 2.9 3.0
airport
Moorabbin 28 3.4 25 3.0 16 17
airport
Olympic park 3.5 4.1 3.1 3.7 2.4 2.5

Table 2. Sensible and total cooling load saving for a new mid-rise apartment building for reference scenario versus
reference with cool roof scenario (scenario 1), and reference scenario versus cool roof with modified
urban temperature scenario (scenario 2) for two summer months (i.e. January and February) with weather
data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
cooling load saving is scenario (Scenario 1) temperature scenario
S io 2
around 0.4-0.6 kWh/m? el
which is equ/'va/ent to 8.3- Sensible cooling  Total cooling Sensible cooling  Total cooling
11.7 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalon airport 0.3 9.4 0.4 8.9 1.1 312 15 36.9
Coldstream 0.5 11.0 0.6 10.4 1.7 33.3 2.1 37.6
For Scenario 2. the total Essendon 0.4 9.0 0.4 8.5 1.6 37.2 2.1 43.0
4
cooling load saving is tF)reaa”C'r‘ftO” 03 122 04 117 11 424 15 495
around 1.5-2.2 kWh/m? Melbourme
Wh/Ch is equiva/ent to 36.9- airport 0.4 8.7 0.4 8.3 1.7 36.6 2.2 42.4
0 .
49.5 % total cooling load Moorabbin 03 114 04 109 12 422 17 493
reduction. airport

Olympic park 0.3 10.1 0.4 9.5 1.1 31.9 1.6 38.5




In the eleven weather
stations in Melbourne,
both building-scale and
combined building-
scale and urban-scale
application of cool roof

can significantly reduce the
cooling load of a new mid-

rise apartment during the
summer season.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a new mid-rise apartment building with weather data simulated by WRF for COP=1 for
heating and cooling.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for a new mid-rise apartment building with weather data simulated by
WREF for COP=1 for heating and cooling.

;ﬁlm&ﬁ ).

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new mid-rise apartment building with weather
data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a new mid-rise apartment building for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng and scenario Reference with
heating simulation using cool roof scenario
annual measured weather Annual Annual Annual Annual
data illustrates that the cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

annual heating penalty
(0.6-0.9 kWh/m?) is slightly

Sensible Total Sensible Total Sensible Total Sensible Total

lower than the annual Avalon airport 4.9 59 26.9 40.4 4.4 53 27.4 41.0
cooling load reduction (0.6- Coldstream 7.5 9.1 27.9 42.7 6.7 8.3 28.6 43.6
1.2 kWh/m?). Essendon 7.1 8.3 252 378 65 7.6 257 384
Ereaa”cfm” 43 55 214 327 38 49 219 334
Melbourne 6.9 7.9 280 417 59 6.8 285 423
airport
Moorabbin 6.1 7.6 226 342 56 6.9 231 349
airport
Olympic park 7.5 9.2 19.4 29.8 6.7 8.4 20.0 30.4

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for a new mid-rise apartment building using
annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 8. 3_7 1.7 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Avalon airport 05 9.6 06 98 05 06 00 -0.1 -01 -0.1
The annual total cooling valon airpor
and heatl'ng load saving by Coldstream 0.8 10.1 0.9 9.3 0.7 0.9 0.1 0.2 0.0 0.0
building-scale application Essendon 06 85 07 83 05 06 01 04 01 02
of cool roofs ranges Frankston
05 122 07 117 06 08 00 -01 -01 -03
between -0.1 and 0.5 kWh/ beach
2 [~ _ 0
m?(~-0.7to 1.7 %). Melbourne 4 149 12 145 05 06 05 16 05 1.4
airport
Moorabbin = 45 g8 07 86 05 06 01 02 00 01
airport
Olympic park 0.7 9.6 0.9 9.3 0.5 0.7 0.2 0.7 0.2 0.4




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FRE
FLOATING CONDITION DURING A

F-

TYPICAL WARM PERIOD UNDER THREE

SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new mid-rise apartment building under free floating conditions during a typical summer

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new mid-rise apartment building under free floating conditions during a typical summer

week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 19.4-31.1 °C and
19.0-33.4 °C in Frankston
beach and Coldstream
stations, respectively.

Reference scenario vs scenario 1

Reference scenario vs scenario 2

Indoor Air Temperature (°C)
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new mid-rise apartment building under free-floating conditions during a typical summer week in
Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.3°Cand 0.5 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined

building- and urban-scale),

the maximum indoor
temperature reduction

increases up to 1.5 °C and

1.6 °C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new mid-rise apartment building under free-floating conditions during a typical summer week in
Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to slightly decrease from
arange 12.6-18.2°Cin
reference scenario to
arange 12.5-18.0°Cin
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new mid-rise apartment building under free-floating
condition during a typical winter week in Frankston beach station using annual measured weather data.

The indoor air temperature
is predicted to reduce
fromarange 11.5-18.2

°C in reference scenario
toarange 11.4-18.0°Cin
scenario 1 in Coldstream
station.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new mid-rise apartment building under free-floating
condition during a typical winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted to
be just 0.1 °C in Frankston
beach and Coldstream
stations.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new mid-rise apartment building under free-floating conditions during a typical winter
month in Frankston beach station using annual measured weather data.

Temperature decrease
mainly happens during the
non-heating period when
indoor temperature is
higher than the threshold.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new mid-rise apartment building under free-floating conditions during a typical winter
month in Coldstream station using annual measured weather data.



5

NUMBER OF HOURS WITH INDOOR AIR
€ For free-floating condition in weather stations TEMPERATU RE BELOW ’|9°C DURING

presenting the lowest and highest ambient

temperatures in Melbourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E

and Coldstream) using annual measured weather

data. 26°C DURING A TYPICAL WARM PERIOD®

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typiCCl/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor

air temperature (<19 °C) Frankston 736 737

is predicted to remain the

same for the reference Coldstream = Jad

scenario and scenario
1in Frankston beach
station with 736-737; and
to slightly increase from
738 hours to 741 hours in
Coldstream station.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

Duri tvpical Stations Reference Scenario 1 Scenario 2
uring a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor ;‘:Q‘%‘iggt”"e
air temperature (>26 °C) is

predicted to decrease from Frankston 125 108 o

125 hours in reference beach

scenario to 108 and 64 Coldstream 210 197 133

hours under scenario 1
and 2 in Frankston beach
station; and from 210
hours in reference scenario
to 197 and 133 hours
under scenario 1 and 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has a higher cost
over the building’s life cycle
compared to the coating
cool roof option.

Table 7.

Building 09 is a very
interesting example of

a mid-rise residential
building, where the energy
conservation potential

is in practice indifferent.
However, given the need
to refurbish after a period
the existing roof, the
application of a coating
cool technology emerges as
a meaningful investment.

The building and its energy performance

Building 09 is a new, mid-rise apartment building, with a total air-conditioned area
of 3.120 m? distributed on five levels. The 624 m? roof is insulated, resulting in a
quite unique situation: When applying cool roof techniques, the overall energy
savings are, albeit to a very small degree, negative, since there is an increase in
heating requirements, that is in absolute terms higher than the reduction in cooling
loads. However, due to the different efficiencies of the HVAC equipment for heating
and cooling and due to the need to perform a mid-life refurbishment of the existing
roof after 15 years, the overall economic outcome is positive for the lower cost
cool coating roof. The main features of the building's energy performance both for
Frankston Beach and for Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 09.

Energy performance features Frankston Beach Coldstream
Energy consumption prior cool roof (MWh) 47,7 64,6
Energy consumption after cool roof (MWh) 47,8 64,8
Energy savings (MWh) -0,1 -0,2
Energy savings (%) -0,21 % -031%
Area (m?) 624 624
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in an energy requirements’
increase of 0,21 % for the Frankston Beach weather conditions and of 0,31 % for the
Coldstream conditions. Given the margin of error of simulations, in practice one can
deduce that the energy requirements remain practically unaltered. The metal roof
option has higher investment costs, but also a greater life expectancy, namely of
28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that vary
between 19,2 % for the low
energy price scenario for
Frankston and 21,7 % for
the high energy scenario
and for Coldstream
conditions (Table 8).

The metal cool roof is,
due to its higher initial
investment cost and the
indifferent energy savings,
clearly not feasible.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of

the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Casts for Building 09 Melbourne

Coldstream High Energy Price

Frankston Beach High Encrgy Price

Frankston Beach Low Energy Price

100,000 200000 300,000 400,000 500,000 600,000

m Coating Cool Roof @ Metal Cool Roof  m Do Nothing

Figure 12. Life Cycle Costs for Building 09 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof -6,49 % 271 % -4,56 % -1,74 %
Coating Cool Roof 19,21 % 21,24 % 20,23 % 21,74 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban-scale application of cool roof can
significantly reduce the cooling load of a
new mid-rise apartment building during
the summer season .

+ In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of a new mid-rise apartment from
3.1-5.7 kWh/m? to 2.7-5.1 kWh/m2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.4-0.6 kWh/m?. This is equivalent to
approximately 8.3-11.7 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 1.5-2.2 kWh/m?
. This is equivalent to 36.9-49.5 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.6-0.9 kWh/m?) is
slightly lower than the annual cooling
load reduction (0.6-1.2 kWh/m?). As
calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 8.3-11.7 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between -0.1 and 0.5
kWh/m? (~-0.1to 1.1 %) (See Table 3 and
4).

*+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 19.4-31.1 °C
and 19.0-33.4 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.3 and 0.5 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 1.5 and
1.6 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

+ During a typical winter week and under
free floating condition, the indoor air
temperature is expected to slightly
decrease from a range between 112.6-
18.2 °C in reference scenario to a range
between 12.5-18.0 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 11.5-18.2 °C in reference
scenario to a range between 11.4-18.0
°C in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month
and under free floating condition,
the average maximum indoor air

temperature reduction by building-scale
application of cool roofs is predicted
to be just 0.1 °C for Frankston beach
and Coldstream stations. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
remain the same for both the reference
scenario and reference with cool roof
scenario (scenario 1) with 736-737 in
Frankston beach station. The estimations
for Coldstream stations also show a
slightly increase in total number of hours
below 19 °C from 738 hours in reference
scenario to 741 hours in reference with
cool roof scenario (scenario 1) (See Table
5).

+ During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C. As computed, the number of hours
above 26 °C is 125 hours under the
reference scenario in Frankston beach
station, which decreases to 108 and 64
hours under the reference with cool roof
scenario (scenario 1) and cool roof and
modified urban temperature scenario
(scenario 2), respectively.

The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
210 hours in reference scenario to 197
in reference with cool roof scenario
(scenario 1) and 133 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

+ As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing' approach
has a higher cost over the building's
life cycle compared to the coating cool
roof option, which leads to a reduction
of life cycle costs, that vary between
19,2 % for the low energy price scenario
for Frankston and 21,7 % for the high
energy scenario and for Coldstream
conditions, as it can be seen in Table
8. The metal cool roof is, due to its
higher initial investment cost and the
indifferent energy savings, clearly not
feasible. Building 09 is in that sense a
very interesting example of a mid-rise
residential building, where the energy
conservation potential is in practice
indifferent. However, given the need
to refurbish after a period the existing
roof, the application of a coating cool
technology emerges as a meaningful
investment.
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Floor area :624m?
Number of stories 18

Image source: Sunshine Gardens, City of
Fredericton.

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 10

NEW HIGH-RISE APARTMENT

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for a new high-rise apartment building for two summer months (i.e. January
and February) under three scenarios including reference scenario, reference with cool roof scenario
(scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with weather data
simulated by WRF for COP=1 for heating and cooling.

e Stations Reference Scenario 1 Scenario 2
The bU//d/ng-sca/e scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; ; Sensible  Total Sensible  Total Sensible  Total
Cf)O/lI’)g load Ofa n.em./ hlgh_ cooling cooling cooling cooling cooling cooling
rise apartment building (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
from 2.9-5.4 kWh/m? to Avalon airport 3.4 3.9 3.2 3.7 24 25
2.7-5.1 kWh/m?, Coldstream 48 5.4 4.4 5.1 33 35
Essendon 4.1 4.7 3.9 4.5 2.6 2.8
Frankston 23 2.9 22 2.7 1.4 15
beach
Melbourne 4.4 5.0 4.1 4.7 2.8 3.0
airport
Moorabbin o 29 24 2.9 16 17
airport
Olympic park 33 39 3.1 3.6 2.3 2.5

Table 2. Sensible and total cooling load saving for a new high-rise apartment building for reference scenario versus
reference with cool roof scenario (scenario 1), and reference scenario versus cool roof with modified
urban temperature scenario (scenario 2) for two summer months (i.e. January and February) with weather
data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
S io 2
around 0.2-0.4 kWh/m? S
which is equiva/ent to 5.2- Sensible cooling  Total cooling Sensible cooling  Total cooling
7.4 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalon airport 0.2 5.8 0.2 55 1.0 286 14 34.8
Coldstream 0.3 7.1 0.4 6.7 1.5 31.0 1.9 35.6
For Scenario 2, the total Essendon 0.2 5.6 0.3 5.3 1.4 35.2 1.9 41.4
cooling load saving is tF)reaa”C'r‘ftO” 02 77 02 74 09 396 14 473
around 1.4-2.0 kWh/m? Melbourme
which is equivalent to 34.8- airport 0.2 55 03 5.2 1.5 347 20 408
47.3 % total cooling load :
. J Moorabbin 02 72 02 69 10 397 15 473
reduction. airport

Olympic park 0.2 6.3 0.2 5.9 0.9 291 14 36.2




In the eleven weather
stations in Melbourne,
both building-scale and
the combined building-
scale and urban scale
application of cool roofs
can reduce the cooling
load of the new high-rise
apartment building during
the summer season.

Figure 1.

Overall, the simulation
results indicate that the
cooling load reductions
by cool roofs can be
significant if they are
implemented at an urban
scale.

Figure 2.

Figure 3.
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Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a new high-rise apartment building with weather data simulated by WRF for COP=1 for
heating and cooling.
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Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for a new high-rise apartment building with weather data simulated by
WRF for COP=1 for heating and cooling.

g

. Total Cooling

Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new high-rise apartment building with weather
data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a new high-rise apartment building for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng and scenario Reference with
heating simulation using cool roof scenario
annual measured weather Annual Annual Annual Annual
data illustrates that the cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

annual heating penalty
(0.4-0.5 kWh/m?) is slightly

Sensible Total Sensible Total Sensible Total Sensible Total

lower than the annual Avalon airport 4.6 55 26.7 40.2 4.4 53 271 40.6
cooling load reduction (0.2- Coldstream 7.1 8.7 27.6 42.4 6.7 8.3 28.0 42.9
0.6 kWh/m?). Essendon 6.8 8.0 250 376 65 7.6 253 380
Ereaa”cfm” 40 52 211 325 38 49 215 330
'a\’i'fgtc’)cr’t“me 6.5 7.4 278 415 59 6.8 281 419
Moorabbin 5.8 7.2 224 340 56 6.9 227 344
airport
Olympic park 7.1 8.8 19.1 29.5 6.7 8.4 19.5 29.9

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference scenario
versus reference with cool roof scenario (scenario 1) for a new high-rise apartment building using annual
measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 4' 7-8.6 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
; Avalon airport 02 43 02 44 03 04 01 -03 -01 -03
The annual total cooling valon airpor
and heatl'ng load saving by Coldstream 0.4 5.0 0.4 4.7 0.4 0.5 -0.1 -0.2 -0.1 -0.2
building-scale application Essendon 03 40 03 41 03 04 00 01 00 -0.1
of cool roofs ranges Frankston
03 67 03 65 03 05 -01 -03 -01 -03
between -0.3 and 0.8 kWh/ beach
2 [~ _ - 0
m? (~-0.1-05 %). Melbourne 45 g3 06 86 03 04 03 08 03 05
airport
Moorabbin 4, 45 03 42 03 04 00 02 -01 -02
airport
Olympic park 0.4 5.0 0.4 5.0 0.3 0.4 0.0 0.1 0.0 0.1




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FRE
FLOATING CONDITION DURING A

F-

TYPICAL WARM PERIOD UNDER THREE

SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new high-rise apartment building under free floating conditions during a typical summer

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new high-rise apartment building under free floating conditions during a typical summer

week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 19.4-30.9 °C and
19.0-33.1 °C in Frankston
beach and Coldstream
stations, respectively.

Reference scenario vs scenario 1
Reference scenario vs scenario 2

Indoor Air Temperature (°C)
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new high-rise apartment building under free-floating conditions during a typical summer week in
Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.2°Cand 0.3 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined

building- and urban-scale),

the maximum indoor
temperature reduction

increases up to 1.5 °C and

1.5°C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new high-rise apartment building under free-floating conditions during a typical summer week in
Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease slightly from
arange 12.7-18.1°Cin
reference scenario to
arange 12.7-18.0°Cin
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new high-rise apartment building under free-floating
condition during a typical winter week in Frankston beach station using annual measured weather data.

The indoor air temperature
is predicted to reduce
from a range 11.6-18.0

°C in reference scenario
toarange 11.5-17.9°Cin
scenario 1 in Coldstream
station.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new high-rise apartment building under free-floating
condition during a typical winter week in Coldstream station using annual measured weather data.
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For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted to
be just 0.1 °C in Frankston
beach and Coldstream
stations.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario

(scenario 1) for a new high-rise apartment building under free-floating conditions during a typical winter
month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a new high-rise apartment building under free-floating conditions during a typical winter
month in Coldstream station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient

temperatures in Melbourne (i.e. Frankston beach
and Coldstream) using annual measured weather

data.

5

NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING
A TYPICAL COLD PERIOD AND ABOVE

26°C DURING A TYPICAL WARM PERIOD®

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter

month using annual measured weather data.

During a typical winter
month, the total number
of hours with an indoor
air temperature (<19 °C)
is predicted to slightly
increase from 737 hours
in reference scenario to
738 hours, and remains
the same (743 hours) in
scenario 1 in Frankston
beach and Coldstream
stations, respectively.

Stations Reference Scenario 1
scenario Reference with
cool roof scenario
Frankston
beach 737 738
Coldstream 743 743

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer

month using weather data simulated by WRF.

During a typical summer
month, the total number
of hours with an indoor
air temperature (>26 °C) is
predicted to decrease from
114 hours in reference
scenario to 106 and 63
hours under scenario 1
and 2 in Frankston beach
station; and from 205
hours in reference scenario
to 198 and 132 hours
under scenario 1 and 2

in Coldstream station,
respectively.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban

temperature
scenario

Frankston

beach 114 106 63

Coldstream 205 198 132
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has a higher cost
over the building’s life cycle
compared to the coating
cool roof option.

The building and its energy performance

Building 10 is a new, high-rise apartment building, with a total air-conditioned area
of 4.992 m? distributed on six levels. The 624 m?roof is insulated, resulting in what is
probably the most unsuitable condition for applying cool roof techniques: the roof
is insulated, its impact on the whole building is limited, hence the overall energy
savings are, albeit to a very small degree, negative, since there is an increase in
heating requirements, that is in absolute terms higher than the reduction in cooling
loads. However, due to the different efficiencies of the HVAC equipment for heating
and cooling and due to the need to perform a mid-life refurbishment of the existing
roof after 15 years, the overall economic outcome is positive for the lower cost
cool coating roof. The main features of the building's energy performance both for
Frankston Beach and for Coldstream weather conditions, are presented in Table 7.

Table 7. Energy performance features of Building 10.

Building 10 is a highly
interesting example of a
new, high-rise residential
building, where the energy
conservation potential

is in practice indifferent.
However, given the need
to refurbish after a period
the existing roof, the
application of a coating
cool technology emerges
as a very meaningful
investment.

Energy performance features Frankston Beach Coldstream
Energy consumption prior cool roof (MWh) 753 102,0
Energy consumption after cool roof (MWh) 75,7 102,2
Energy savings (MWh) -0,4 -0,2
Energy savings (%) -0,53 % -0,20 %
Area (m?) 624 624
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
* A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in an energy requirements’
increase of 0,53% for the Frankston Beach weather conditions and of 0,20% for the
Coldstream conditions. Given the margin of error of simulations, in practice one can
deduce that the energy requirements remain practically unaltered. The metal roof
option has higher investment costs, but also a greater life expectancy, namely of
28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that
varies between 20,5%

for the low energy price
scenario for Frankston
and 22,4 % for the high
energy scenario and for
Coldstream condlitions
(Table 8).

The metal cool roof is,
due to its higher initial
investment cost and the
indifferent energy savings,
not feasible.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 10 Melbourne
Coldstream High Cnergy Price
Coldstream Low Energy Price

Frankston Beach High Energy Price

Frankston Beach Low Energy Price

0 200,000 400,000 600,000 800,000 1,000,000

B Coating Cool Roof B Metal Cool Roof B Do Nothing

Figure 12. Life Cycle Costs for Building 10 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof -3,95 % -1,52 % -231% -0,50 %
Coating Cool Roof 20,50 % 21,80 % 21,46 % 22,43 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban-scale application of cool roof can
significantly reduce the cooling load
of a new high-rise apartment building
during the summer season . Overall,
the simulation results indicate that the
cooling load reductions by cool roofs can
be significant if they are implemented at
an urban scale.

* In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of a new high-rise apartment from
2.9-5.4 kWh/m? to 2.7-5.1 kWh/m2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.2-0.4 kWh/m?. This is equivalent to
approximately 5.2-7.4 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 1.4-2.0 kWh/m?2.
This is equivalent to 34.8-47.3 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

* The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.4-0.5 kWh/m?) is
slightly lower than the annual cooling
load reduction (0.2-0.6 kWh/m?). As
calculated, the annual cooling load
saving by building-scale application
of cool roofs is around 4.1-8.6 %. The
annual total cooling and heating load

saving by building-scale application of
cool roofs ranges between -0.3 and 0.8
kWh/m? (~-0.1-05 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 19.4-30.9 °C
and 19.0-33.1 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.2 and 0.3 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 1.5 and
1.5 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

+ During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

+ During a typical winter week and under
free floating condition, the indoor air
temperature is expected to slightly
decrease from a range between 12.7-
18.1 °C in reference scenario to a range




between 12.7-18.0 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).
Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 11.6-18.0 °C in reference
scenario to a range between 11.5-17.9
°C in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month
and under free floating condition,
the average maximum indoor air

temperature reduction by building-scale
application of cool roofs is predicted
to be just 0.1 °C for Frankston beach
and Coldstream stations. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 737 hours
in reference scenario to 738 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
show that the total number of hours
below 19 °C (743 hours) remain the
same for the reference scenario and
the reference with cool roof scenario
(scenario 1) (See Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 114 hours under
the reference scenario in Frankston
beach station, which decreases to 106
and 63 hours under the reference with
cool roof scenario (scenario 1) and cool

roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
205 hours in reference scenario to 198
in reference with cool roof scenario
(scenario 1) and 132 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

+ As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing’ approach has
a higher cost over the building's life cycle
compared to the coating cool roof option,
which leads to a reduction of life cycle
costs, that varies between 20,5% for the
low energy price scenario for Frankston
and 22,4% for the high energy scenario
and for Coldstream conditions, as it can
be seen in Table 8. The metal cool roof
is, due to its higher initial investment
cost and the indifferent energy savings,
not feasible. Building 10 is in that sense
a highly interesting example of a new,
high-rise residential building, where
the energy conservation potential is
in practice indifferent. However, given
the need to refurbish after a period the
existing roof, the application of a coating
cool technology emerges as a very
meaningful investment.
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Floor area :242m?
Number of stories 01

Image source: https://www.newhomesguide.

com.au/builders/long-island-homes/homes/new-

BUILDING 11

EXISTING STANDALONE HOUSE

homes/moonbi-240

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for an existing stand-alone house for two summer months (i.e. January and
February) under three scenarios including reference scenario, reference with cool roof scenario (scenario
1), and cool roof with modified urban temperature scenario (scenario 2) with weather data simulated by
WREF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on Of cool I’OOfS cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
: fetl Sensible  Total Sensible  Total Sensible  Total
COO/mg load Of an €XISl'II’Ig cooling cooling cooling cooling cooling cooling
standalone house from (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
6.6-10.0 kWh/m? to 2.4-3.1 Avalon airport 6.9 7.5 3.0 2.6 2.4 2.4
kWh/m?, Coldstream 9.4 10.0 38 C 3.1 32
Essendon 8.0 8.6 3.6 2.5 2.7 2.7
Frankston 5.9 6.6 2.1 3.2 1.4 15
beach
Melbourne 8.3 8.9 3.8 2.4 2.8 2.9
airport
Moorabbin 6.2 6.9 2.3 3.1 16 17
airport
Olympic park 7.0 7.7 2.9 2.8 2.3 2.4

Table 2. Sensible and total cooling load saving for an existing stand-alone house for reference scenario versus
reference with cool roof scenario (scenario 1), and reference scenario versus cool roof with modified
urban temperature scenario (scenario 2) for two summer months (i.e. January and February) with weather
data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving is scenario (Scenario 1) temperature scenario
S io 2
around 3.4-7.5 kWh/m? S
which is equiva/ent to 51.9- Sensible cooling  Total cooling Sensible cooling  Total cooling
75.3 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalon airport 4.0 571 49 652 4.6 66.1 5.1 67.4
Coldstream 5.6 59.2 7.5 75.3 6.4 67.4 6.8 68.2
For Scenario 2, the total Essendon 4.4 55.1 6.1 71.4 5.4 66.8 5.9 68.3
cooling load saving is tF)reaa”C'r‘ftO” 3.9 652 34 519 45 759 5. 77.4
around 5.1-6.8 kWh/m? Melbourne
which is equiva/ent to 67.4- airport 4.5 54.4 6.5 73.4 5.5 66.1 6.0 67.6
77.4 % total cooling load :
: Moorabbin
. . . 2. . . 4.6 73.6 5.2 75.
reduction. airport > 628 38 >>3 >

Olympic park 4.1 58.9 4.9 63.9 4.7 67.5 5.3 68.9




In the eleven weather
stations in Melbourne,
both building-scale and
the combined building-
scale and urban scale
application of cool roofs

can reduce the cooling load

of the existing standalone
house during the summer
season.

(AT
Total Cooling

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a typical existing stand-alone house with weather data simulated by WRF for COP=1 for
heating and cooling.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for a typical existing stand-alone house with weather data simulated by
WREF for COP=1 for heating and cooling.

T
Total Cooling

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a typical existing stand-alone house with weather
data simulated by WRF for COP=1 for heating and cooling.
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et UNDER TWO SCENARIOS?

Table 3. Annual cooling and heating loads for an existing stand-alone house for two scenarios including reference
scenario and reference with cool roof scenario (scenario 1) using annual measured weather data for
COP=1 for heating and cooling.

. tations eference cenario
Stati Ref S io 1

The annual COO//ng scenario Reference with

and heating simulation cool roof scenario

usmg GI’)HUG/ measured Annual Annual Annual Annual

weather data illustrates cooling load heating load cooling load heating load

that the annual heating (KWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

penalty (6.8—7.9 kWh/ Sensible Total Sensible Total Sensible Total Sensible Total

mz) iS re/ative/}/ S/'m/'/ar to Avalon airport 9.1 10.6 33.1 39.5 4.2 49 39.7 46.7

the annual coo//'ng load Coldstream 14.0 15.8 34.6 41.5 6.5 7.6 425 50.0

reduction (5.6-8.3 kWh/m?). Essendon 118 131 318 379 58 6.6 382 4458
Ereaa”cfm” 8.6 104 296 351 3.0 3.8 366  43.0
'a\’i'fgtc’)cr’t“me 110 121 338 403 55 6.2 404 475
g’i'ro;orftbbi” 104 122 303 360 5.0 6.0 365 428

Olympic park 13.0 15.0 28.0 33.2 5.6 6.7 34.5 40.3

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for an existing stand-alone house using
annual measured weather data for COP=1 for heating and cooling.

Stations Annual Annual Annual total

The.annual C.OO./ing load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 48. 8-63.5 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % KWh/m? % KWh/m? kWh/m? % kWh/m? %

. Avalonairport 49 541 56 532 66 72 17 40 1.6 -3
The annual total cooling valon airpor

and heatl'ng /Oad saving by Coldstream 7.6 54.0 8.2 519 7.8 8.5 -0.3 -0.5 -0.3 -0.5
building-scale application Essendon 59 504 65 494 64 70 05 -1.0 -05 -0.9
of cool roofs ranges Frankston
55 647 66 635 70 79 15 39 -13 -28
between -1.6 and 1.2 kWh/ beach
2 [~ _ . 0,
m? (~-3.1-2.5 %). Melbourne 5o 499 59 488 66 72 11 24 13 25
airport
Moorabbin 5, 53 62 509 62 68 08 -19 06 -13
airport

Olympic park 7.4 569 83 554 6.5 7.1 1.0 23 1.2 2.5




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FRE
FLOATING CONDITION DURING A

F-

TYPICAL WARM PERIOD UNDER THREE

SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing stand-alone house under free floating conditions during a typical summer week

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing stand-alone house under free floating conditions during a typical summer week

in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 18.5-34.3 °C and
18.0- 37.4.°C in Frankston
beach and Coldstream
stations, respectively.

Indoor Air Temperature (°C)

Reference scenario vs scenario 1

Reference scenario vs scenario 2
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a existing stand-alone house under free-floating conditions during a typical summer week in

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 4.2°Cand 4.7 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 5.0 °C and
5.6 °C in Frankston beach
and Coldstream stations,
respectively.

Frankston beach station using weather data simulated by WRF.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a existing stand-alone house under free-floating conditions during a typical summer week in
Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual

measured weather data.

TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected

10.5-19.4 °C in reference

17.5°Cin scenario 1 in
Frankston beach station.

to decrease from a range

scenario to a range 10.4-
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a typical existing stand-alone house under free-floating
condition during a winter week in Frankston beach station using annual measured weather data.

is predicted to reduce
from a range 8.7-20.1

°C in reference scenario
to a range 8.4-17.9°Cin
scenario 1 in Coldstream
station.

The indoor air temperature
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a typical existing stand-alone house under free-floating
condition during a winter week in Coldstream station using annual measured weather data.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a existing stand-alone house under free-floating conditions during a typical winter month
in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for a existing stand-alone house under free-floating conditions during a typical winter month
in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typiCCl/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor

air temperature (<19 °C) is Frankston 717 743

predicted to considerably

increase from 717 hours Coldstream 7 (e

in reference scenario to
743 hours; and from 708
to 735 hours in scenario
1in Frankston beach
and Coldstream stations,

respectively.
Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

: . Stations Reference Scenario 1 Scenario 2
During a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor temperature

. . scenario
air temperature (>26 °C) is
predicted to significantly Frankston 100 o6 o
decrease from 192 hours beach
in reference scenario to Coldstream 250 151 121
96 and 62 hours under

scenario 1 and 2 in
Frankston beach station;
and from 250 hours

in reference scenario

to 1571 and 121 hours
under scenario 1 and 2
in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has a higher cost
over the building’s life cycle
compared to the coating
cool roof option.

Table 7.

Building 11 is an
interesting example

of a new, stand-alone
residential building, with

a single floor and an
insulated roof, where

the energy conservation
potential is at best
indifferent. However, given
the higher cost of cooling
than heating and the

need to refurbish after a
period the existing roof,

the application of a coating
cool technology emerges as
a meaningful investment.

The building and its energy performance

Building 11 is an existing, stand-alone residential building, with a total air-
conditioned area of 242 m? distributed on one level. The 242 m? roof is insulated,
resulting in a very limited energy conservation potential, despite the roof's impact
on the building’s energy balance. The overall energy savings are, albeit to a very
small degree, negative, since there is an increase in heating requirements, that is
in absolute terms higher than the reduction in cooling loads. However, due to the
different efficiencies of the HVAC equipment for heating and cooling and due to the
need to perform a mid-life refurbishment of the existing roof after 15 years, the
overall economic outcome is positive for the lower cost cool coating roof. The main
features of the building’s energy performance both for Frankston Beach and for
Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 11.

Energy performance features Frankston Beach Coldstream
Energy consumption prior cool roof (MWh) 4,4 5,5
Energy consumption after cool roof (MWh) 4,5 5,6
Energy savings (MWh) -0,1 -0,1
Energy savings (%) 2,27 % -1,82%
Area (m?) 242 242
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in an energy requirements’
increase of 2,27 % for the Frankston Beach weather conditions and of 1,82 % for
the Coldstream conditions. The metal roof option has higher investment costs, but
also a greater life expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a moderate
reduction of life cycle costs,
that varies between 5,6 %
for the low energy price
scenario for Frankston

and 15,0 % for the high
energy scenario and for
Coldstream condlitions
(Table 8).

The metal cool roof is,
due to its higher initial
investment cost and the
indifferent energy savings,
not feasible.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 11 Melbourne

Caldstream High Energy Price
Coldstream Low Energy Price
Frankston Beach High Fnergy Price

Frankston Beach Low Energy Price

0 10,000 20,000 30,000 40,000 50,000 60,000

B Coating Coal Roof B Metal Conl Roof B Do Nathing

Figure 12. Life Cycle Costs for Building 11 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof -31,04 % 17,21 % -25,08 % -13,62 %
Coating Cool Roof 5,58 % 12,98 % 8,87 % 15,01 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban-scale application of cool roof can
significantly reduce the cooling load of
an existing standalone house during the
summer season.

+ In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of a new high-rise apartment from
6.6-10.0 kWh/m? to 2.4-3.1 kWh/m?. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
3.4-7.5 kWh/m2. This is equivalent to
approximately 51.9-75.3 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

« In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 5.1-6.8 kWh/m?2.
This is equivalent to 67.4-77.4 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (6.8-7.9 kWh/m2) is
relatively similar to the annual cooling
load reduction (5.6-8.3 kWh/m2). As
calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 48.8-63.5 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between -1.6 and 1.2
kWh/m? (~ -3.1-2.5 %) (See Table 3 and
4).

*+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 18.5-34.3 °C
and 18.0- 37.4 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 4.2 and 4.7 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 5.0 and
5.6 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

+ During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

+ During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
from a range between 10.5-19.4 °C in
reference scenario to a range between
10.4-17.5 °C in reference with cool roof
scenario (scenario 1) in Frankston beach
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 8.7-20.1 °C in reference
scenario to a range between 8.4-17.9
°C in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month
and under free floating condition,
the average maximum indoor air
temperature reduction by building-scale
application of cool roofs is predicted to
be just 1.2 and 1.4 °Cfor Frankston beach
and Coldstream stations, respectively.
Positively, ~ temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figures
10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted to
considerably increase from 717 hours
in reference scenario to 743 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
also show a slightly increase in total
number of hours below 19 °C from 708
hours in reference scenario to 735 hours
in reference with cool roof scenario
(scenario 1) (See Table 5).

+ During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C. As computed, the number of hours
above 26 °C is 192 hours under the
reference scenario in Frankston beach
station, which significantly decreases to
96 and 62 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.

The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
250 hours in reference scenario to
151in reference with cool roof scenario
(scenario 1) and 121 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

* Asit can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing' approach
has a higher cost over the building's
life cycle compared to the coating cool
roof option, which leads to a moderate
reduction of life cycle costs, that varies
between 5,6% for the low energy price
scenario for Frankston and 15,0% for the
high energy scenario and for Coldstream
conditions, as it can be seen in Table8 .
The metal cool roof is, due to its higher
initial investment cost and the indifferent
energy savings, not feasible. Building 11
is in that sense an interesting example of
a new, stand-alone residential building,
with a single floor and an insulated roof,
where the energy conservation potential
is at best indifferent. However, given
the higher cost of cooling than heating
and the need to refurbish after a period
the existing roof, the application of a
coating cool technology emerges as a
meaningful investment.
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Floor area :1100m?
Number of stories 13

Image source: Pavia National High School,
Evangelista St., Pavia, lloilo

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 12

EXISTING SCHOOL

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
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9 Reference scenario, scenario 1, and scenario

2; estimated for eleven weather stations in

Melbourne using weather data simulated by WRF.

1

SENSIBLE AND TOTAL COOLING LOAD
FOR TWO SUMMER MONTHS UNDER
THREE SCENARIOS®

Table 1.

Sensible and total cooling load for an existing school for two summer months (i.e. January and February)
under three scenarios including reference scenario, reference with cool roof scenario (scenario 1), and
cool roof with modified urban temperature scenario (scenario 2) with weather data simulated by WRF for
COP=1 for heating and cooling.

The building-scale
application of cool roofs
can decrease the two
summer months total

cooling load of an existing
school from 9.3-13.7 kWh/

m?to 8.8-13.1 kWh/m?.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof modified urban
scenario temperature
scenario
Sensible  Total Sensible  Total Sensible  Total
cooling cooling cooling cooling cooling cooling
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)
Avalon airport  11.8 12.1 1.3 11.6 9.2 9.3
Coldstream 13.0 13.4 12.3 12.6 10.3 10.3
Essendon 13.0 13.3 12.4 12.8 9.5 9.5
Frankston 8.9 9.3 8.4 8.8 6.2 6.3
beach
Melbourne 133 13.7 12.8 13.1 9.8 9.8
airport
Moorabbin 9.7 10.1 9.2 9.6 6.9 6.9
airport
Olympic park 11.2 1.6 10.7 1.1 8.7 8.7

Table 2. Sensible and total cooling load saving for an existing school for reference scenario versus reference with
cool roof scenario (scenario 1), and reference scenario versus cool roof with modified urban temperature
scenario (scenario 2) for two summer months (i.e. January and February) with weather data simulated by
WREF for COP=1 for heating and cooling.

For Scenario 1, the total
cooling load saving is
around 0.5-0.7 kWh/m?
which is equivalent to 4.1-
5.6 % of total cooling load
reduction.

For Scenario 2, the total
cooling load saving is
around 2.9-3.9 kWh/m?

which is equivalent to 22.6-

32.4 % total cooling load
reduction.

Stations

Reference scenario versus
Reference with cool roof
scenario (Scenario 1)

Reference scenario versus
Cool roof with modified urban
temperature scenario
(Scenario 2)

Sensible cooling  Total cooling

Sensible cooling  Total cooling

kWh/m? % kWh/m? % KWh/m? % kWh/m? %
Avalon airport 0.5 3.9 0.5 4.1 2.5 21.5 2.9 23.6
Coldstream 0.7 5.1 0.7 5.6 2.7 206 3.0 226
Essendon 0.5 3.9 0.6 42 3.4 264 38 285
Frankston 0.4 5.0 0.5 55 2.6 297 3.0 324
beach

Melbourne 0.5 3.9 0.6 42 3.5 262 3.9 28.2
airport

Moorabbin

airport 0.4 46 0.5 5.1 2.8 287 32 316
Olympicpark 05 42 0.5 47 2.5 225 29 25.0
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In the eleven weather
stations in Melbourne,
both building-scale and
the combined building-
scale and urban scale
application of cool roofs

can reduce the cooling load
of an existing school during

the summer season.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for aan existing school with weather data simulated by WRF for COP=1 for heating and cooling.

Overall, the simulation
results indicate that the
cooling load reductions
by cool roofs can be
significant if they are
implemented at an urban
scale.
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Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for an existing school with weather data simulated by WRF for COP=1
for heating and cooling.
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Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for an existing school with weather data simulated
by WRF for COP=1 for heating and cooling.
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et UNDER TWO SCENARIOS?

Table 3. Annual cooling and heating loads for an existing school for two scenarios including reference scenario
and reference with cool roof scenario (scenario 1) using annual measured weather data for COP=1 for
heating and cooling.

. Stations Reference Scenario 1

The annual COO//ng and scenario Reference with

heating simulation using cool roof scenario

GI’)HUQ/ measured weather Annual Annual Annual Annual

data illustrates that the cooling load heating load cooling load heating load

Gnnual heat/ngpenalty (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

(0.5—0.8 kWh/mZ) is slower Sensible Total Sensible Total Sensible Total Sensible Total

than the annual Cooling Avalon airport 18.6 19.4 52 31.0 17.9 18.6 53 315

load reduction (0.8-1.1 Coldstream 23.0 244 6.1 364 221 230 6.2 37.2

kWh/m?). Essendon 228 236 47 293 220 227 48 29.8
Ereaa”cfm” 17 125 36 257 110 116 37 264
'a\’i'fgtc’)cr’t“me 220 226 5.1 322 213 218 52 32.8
Moorabbin

. 19.7 20.6 4.2 25.8 19.0 19.7 4.3 26.3
airport

Olympic park 21.3 225 3.8 23.6 20.3 213 3.9 24.1

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference scenario
versus reference with cool roof scenario (scenario 1) for an existing school using annual measured
weather data for COP=1 for heating and cooling.

Stations Annual Annual Annual total

The.annual C.OO./ing load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 3'4_7'0 %. Sensible Total Sens. Total Sensible Total
kWh/m? % KWh/m? % KWh/m? kWh/m? % kWh/m? %

. Avalonairport 07 36 08 40 01 05 06 25 02 05
The annual total cooling valon airpor

and heatl'ng /Oad saving by Coldstream 0.9 4.1 1.1 4.7 0.1 0.8 0.8 2.7 0.4 0.6
building-scale application Essendon 08 33 09 36 01 05 07 25 03 06
of cool roofs ranges Frankston
07 59 09 70 01 07 06 40 02 05
between 0.2-0.6 kWh/m? beach
~ _ 0,
(~0.4-1.3 %). Melbourne 47 35 03 34 01 05 06 22 02 04
airport
Moorabbin 47 35 09 42 01 05 06 26 04 08
airport

Olympic park 0.9 4.3 1.1 5.0 0.1 0.5 0.8 3.4 0.6 1.3




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FRE
FLOATING CONDITION DURING A

F-

TYPICAL WARM PERIOD UNDER THREE

SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing school under free floating conditions during a typical summer week in Frankston

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing school under free floating conditions during a typical summer week in

Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 18.2-33.2 °C and
16.9-34.4 °C in Frankston
beach and Coldstream
stations, respectively.
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing school under free-floating conditions during a typical summer week in Frankston beach
station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.6 °Cand 0.7 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined

building- and urban-scale),

the maximum indoor
temperature reduction
increases up to 1.8 °C and
1.7 °C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing school under free-floating conditions during a typical summer week in Coldstream station
using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease from a range
11.3-20.2 °C in reference
scenario to a range 11.2-
20.2°Cin scenario 1 in
Frankston beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing school under free-floating condition during a

The indoor air temperature
is predicted to reduce
from a range 8.8-20.7

°C in reference scenario

to a range 8.7-20.6 °C in
scenario 1 in Coldstream
station.

typical winter week in Frankston beach station using annual measured weather data.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing school under free-floating condition during a

typical winter week in Coldstream station using annual measured weather data.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing school under free-floating conditions during a typical winter month in Frankston
beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing school under free-floating conditions during a typical winter month in
Coldstream station using annual measured weather data.



5

NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

. . . Stations Reference Scenario 1
Dur/ng a typlCG/ winter scenario Reference with
month, the total number cool roof scenario
Of hours with an indoor Operational Operational
air temperature (<19 °C) houre® Total iyl Total

ours hours

is predicted to slightly Frankston 2o can o o
increase from 684 hours beach
in reference scenario to Coldstream 186 664 190 672
688 hours; and from 664
to 672 hours in scenario * Operational hours of the building: Monday to Friday, 7 am-6 pm.

1 in Frankston beach
and Coldstream stations,
respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
206 hours in reference
scenario to 210 hours; and
from 186 to 190 hours in
scenario 1 in Frankston
beach and Coldstream
stations, respectively.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
During a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor temperature

: scenario
air temperature (>26 °C)
is predicted to slightly Frankston 156 14 10
decrease from 159 hours beach
in reference scenario Coldstream 226 211 173

to 154 and 120 hours
under scenario 1 and

2, in Frankston beach
station; and from 226
hours in reference scenario
to 211 and 173 hours
under scenario 1 and 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has a higher cost
over the building’s life cycle
compared to the coating
cool roof option.

Table 7.

Building 12 is a good
example of a new,
mid-rise educational
building, where the energy
conservation potential

is very limited. However,
even so and given the
need to refurbish after a
period the existing roof,
the application of a coating
cool technology emerges
as a very meaningful
investment.

The building and its energy performance

Building 12 is a new, mid-rise apartment building, with a total air-conditioned area
of 3.300 m? distributed on three levels. The 1.100 m? roof is insulated, resulting in a
rather unfavourable situation for applying cool roof techniques: the overall energy
savings are very small indeed. However, due to the expected need to perform a
mid-life refurbishment of the existing roof after 15 years, the overall economic
outcome is positive for the lower cost cool coating roof. The main features of
the building’s energy performance both for Frankston Beach and for Coldstream
weather conditions, are presented in Table 7.

Energy performance features of Building 12.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 50,4 79,9
Energy consumption after cool roof (MWh) 50,2 79,5
Energy savings (MWh) 0,2 0,4
Energy savings (%) 0,40% 0,50%
Area (m?) 1.100 1.100
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in an energy requirements’
increase of 0,40 % for the Frankston Beach weather conditions and of 0,50 % for the
Coldstream conditions. Given the margin of error of simulations, in practice one can
deduce that the energy requirements remain practically unaltered. The metal roof
option has higher investment costs, but also a greater life expectancy, namely of
28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that
varies between 16,9 %

for the low energy price
scenario for Frankston
and 21,7% for the high
energy scenario and for
Coldstream condlitions
(Table 8).

The metal cool roof is,
due to its higher initial
investment cost and the
indifferent energy savings,
only for the high energy
prices scenario and for
Coldstream weather
conditions feasible.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 12 Melbourne

Coldstream High Energy Price
Coldstream Low Encrgy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

!

200, (O 400,000 600,000 BOO,000

W Coating Cool Root  ® Metal Cool Roof Do Mothing

Figure 12. Life Cycle Costs for Building 12 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof -10,98 % -4,84 % -6,21 % 9,54 %
Coating Cool Roof 16,94 % 20,24 % 19,53 % 21,67 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban scale application of cool roof can
significantly reduce the cooling load of
the typical existing school during the
summer season. Overall, the simulation
results indicate that the cooling
load reductions by cool roofs can be
significant if they are implemented at an
urban scale.

* In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the existing school from 9.3-
13.7 kWh/m2 to 8.8-13.1 kWh/m2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.5-0.7 kWh/m2. This is equivalent to
approximately 4.1-5.6 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 2.9-3.9 kWh/
m2. This is equivalent to 2.6-32.4 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.5-0.8 kWh/m?) is
significantly lower than the annual
cooling load reduction (0.8-1.1 kWh/
m?2). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 3.4-7.0 %. The
annual total cooling and heating load

saving by building-scale application of
cool roofs ranges between 0.2-0.6 kWh/
m? (~0.4-1.3 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 18.2-33.2 °C
and 16.9-34.4 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.6 and 0.7 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 1.8 and
1.7 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

+ During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

« During a typical winter week and
under free floating condition, the
indoor air temperature is expected
to decrease slightly from a range
between 11.3-20.2 °C in reference




scenario to a range between 11.2-20.2
°C in reference with cool roof scenario
(scenario 1) in Frankston beach station
(See Figure 8). Similarly, the indoor air
temperature is predicted to reduce from
arange between 8.8-20.7 °C in reference
scenario to a range between 8.7-20.6°C
in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month
and under free floating condition,
the average maximum indoor air

temperature reduction by building-scale
application of cool roofs is predicted
to be just 0.1 °C in Frankston beach
and Coldstream stations. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 684 hours
in reference scenario to 688 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
also show a slight increase in total
number of hours below 19 °C from 664
hours in reference scenario to 672 hours
in reference with cool roof scenario
(scenario 1). The results show less
increase in total number hours below
19 °C between the two scenarios (i.e.
reference scenario and reference with
cool roof scenario (scenario 1)) during
operational hours of the building. The
number of hours below 19 °C during
operational hours of the building
(i.e. Monday to Friday, 7 am-6 pm) is
expected to slightly increase from 206
hours in reference scenario to 210 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
Similarly, the calculation in Coldstream

station shows a slightincrease of number
of hours below 19 °C from 186 hours to
190 hours during the operational hours.

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C. As computed, the number of hours
above 26 °C is 159 hours under the
reference scenario in Frankston beach
station, which slightly decreases to 154
and 120 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
226 hours in reference scenario to 211
in reference with cool roof scenario
(scenario 1) and 173 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

+ As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing’ approach has
a higher cost over the building's life cycle
compared to the coating cool roof option,
which leads to a reduction of life cycle
costs, that varies between 16,9% for the
low energy price scenario for Frankston
and 21,7% for the high energy scenario
and for Coldstream conditions, as it can
be seen in Table 8. The metal cool roof
is, due to its higher initial investment
cost and the indifferent energy savings,
only for the high energy prices scenario
and for Coldstream weather conditions
feasible. Building 12 is i a good example
of a new, mid-rise educational building,
where the energy conservation potential
is very limited. However, even so and
given the need to refurbish after a
period the existing roof, the application
of a coating cool technology emerges as
a very meaningful investment.
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Floor area :1200m?
Number of stories 12

Image source: Ecipark Office Building. https://
jnmrad.com/21-delightful-two-story-building/
ecipark-office-building-two-story/

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 13

EXISTING LOW-RISE OFFICE BUILDING
WITH ROOF INSULATION
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Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.
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Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for an existing low-rise office building with roof insulation for two summer
months (i.e. January and February) under three scenarios including reference scenario, reference with
cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with

weather data simulated by WRF for COP=1 for heating and cooling.
The building-scale - . g
Ji . / Stations Reference Scenario 1 Scenario 2
app Ication Of coo I’OOfS scenario Reference with Cool roof with
can decrease the two cool roof modified urban
scenario temperature
summer months total Bt et
cooling load of the existing
; . A Sensible  Total Sensible  Total Sensible  Total
loyv—r/se OJ.TIC@ bq//d/ng cooling cooling cooling cooling cooling cooling
with roof insulation from (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
9.4-13.3 kWh/m? to 6.5-8.9 Avalon airport  10.7 11.4 7.4 8.0 6.0 6.2
kWh/m?. Coldstream 12.7 133 8.0 8.5 6.8 6.9
Essendon 11.8 12.5 8.1 8.7 6.3 6.4
Frankston 8.5 9.4 5.7 6.5 43 45
beach
Melbourne 121 12.8 83 8.9 6.5 6.5
airport
Moorabbin 9.1 10.0 6.2 6.9 438 49
airport
Olympic park 10.2 1.1 7.0 7.7 5.9 6.1

Table 2. Sensible and total cooling load saving for an existing low-rise office building with roof insulation for
reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving is scenario (Scenario 1) temperature scenario
S io2
around 2.9-4.8 kWh/m? G
which is equiva/ent to 29.4- Sensible cooling  Total cooling Sensible cooling  Total cooling
36.0 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. Avalon airport 3.3 305 33 294 47 436 5.1 452
Coldstream 4.7 37.0 4.8 36.0 5.9 46.7 6.4 48.4
For Scenario 2. the total Essendon 3.7 31.3 3.8 30.2 5.4 46.3 6.0 48.6
4
cooling load saving is tF)reaa”C'r‘ftO” 28 329 29 311 42 492 49 52.4
around 4.9-6.4 kWh/m? Melbourne
which is equiva/ent to 45.2- airport 3.8 31.5 3.9 30.4 5.6 46.5 6.3 48.8
0 .
52:4% of total cooling Joad Moorabbin 29 321 30 304 43 473 50 506
reduction. airport ' ' ' ' ' ‘ ‘ '

Olympic park 33 31.9 3.4 30.4 4.4 42.6 5.0 45.2




In the eleven weather
stations in Melbourne,
both building-scale and
combined building-

scale and urban scale
application of cool roof
can significantly reduce the
cooling load of the existing
low-rise office building with
roof insulation during the
summer season.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for an existing low-rise office building with roof insulation with weather data simulated by WRF
for COP=1 for heating and cooling.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. Januray and February) for an existing low-rise office building with roof insulation with weather
data simulated by WRF for COP=1 for heating and cooling.

. Total Cooling

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for an existing low-rise office building with roof
insulation with weather data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for an existing low-rise office building with roof insulation for two
scenarios including reference scenario and reference with cool roof scenario (scenario 1) using annual
measured weather data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (1.0-1.7 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantl)/ lower than Avalon airport 15.2 16.8 34 7.4 11.3 12.6 4.0 8.6
the annual coo//'ng load Coldstream 21.2 233 3.8 8.4 14.9 16.6 4.7 10.2
reduction (4.1-6.6 kWh/m?). Essendon 197 213 32 6.9 147 161 3.7 8.0
Frankston
beath 113 126 24 5.2 7.4 8.6 2.9 6.3
Melbourne 191 204 35 7.6 144 157 41 8.8
airport
Moorabbin 169 186 2.8 6.0 124 139 33 7.0
airport
Olympic park 18.8 20.5 2.6 5.5 13.2 14.7 3.1 6.6

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for an existing low-rise office building with
roof insulation using annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 23'4_32'2 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Avalon airport 40 261 42 249 06 12 34 181 30 124
The annual total cooling valon airpor
and heatl'ng /Oad saving by Coldstream 6.4 30.0 6.6 285 09 1.7 5.5 219 49 15.4
building-scale application Essendon 49 251 51 241 06 12 44 191 40 141
of cool roofs ranges Frankston
39 344 41 322 05 12 34 245 29 164
between 2.9-4.9 beach
2 [~ _ 0
kWh/m? (~12.4-18.2 %). Melbourne 4o 543 48 234 06 12 40 178 35 126
airport
Moorabbin ;5 66 47 254 05 10 40 202 37 150
airport
Olympic park 5.6 300 538 284 0.6 1.1 5.1 238 47 18.2




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing low-rise office building with roof insulation under free floating conditions during
a typical summer week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing low-rise office building with roof insulation under free floating conditions during
a typical summer week in Coldstream station using weather data simulated by WRF.



During a typica/ summer Reference scenario vs scenario 1

Week, the indoor air 6 Reference scenario vs scenario 2
temperature of the
reference scenario ranges
between 20.1-39.0 °C and
19.5-41.0 °C in Frankston

Indoor Air Temperature (°C)

beach and Coldstream 44
stations, respectively.
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing low-rise office building with roof insulation under free-floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building- 8
scale), the maximum
indoor temperature 4/~ Reference scenario vs scenario 2
reduction is estimated
to be 4.3°Cand 5.4 °C
in Frankston beach and
Coldstream stations,
respectively.

Reference scenario vs scenario 1

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 5.4 and
6.0 °C in Frankston beach '
and Coldstream stations,
respectively. 0 .
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing low-rise office building with roof insulation under free-floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.
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d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND

AMBIENT

TEMPERATURE FOR FREE-

FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air

30|

Indoor air temp-Reference scenario
Indoor air temp-Scenario 1

Ambient temp.

temperature is expected :
to decrease slightly from
a range between 13.0
and 23.4 °C in reference
scenario to a range
between 12.7 and 22.2 °C
in scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing low-rise office building with roof insulation
under free-floating condition during a typical winter week in Frankston beach station using annual
measured weather data.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing low-rise office building with roof insulation
under free-floating condition during a typical winter week in Coldstream station using annual measured
weather data.
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For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.9 °Cand 1.1
°C in Frankston beach

and Coldstream stations,
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing low-rise office building with roof insulation under free-floating conditions
during a typical winter month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing low-rise office building with roof insulation under free-floating conditions
during a typical winter month in Coldstream station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient

temperatures in Melbourne (i.e. Frankston beach
and Coldstream) using annual measured weather

data.

5

NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING
A TYPICAL COLD PERIOD AND ABOVE

26°C DURING A TYPICAL WARM PERIOD®

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter

month using annual measured weather data.

During a typical winter
month, the total number
of hours with an indoor
air temperature (<19 °C) is
predicted to increase from
520 hours in reference
scenario to 556 and hours
and from 558 to 595 hours
in scenario 1 in Frankston
beach and Coldstream
stations, respectively.

Stations Reference Scenario 1

scenario Reference with

cool roof scenario

Operational Operational

hours* Total hours* Total
Frankston
beach 179 520 200 556
Coldstream 200 558 229 595

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
179 hours in reference
scenario to 200 hours; and
from 200 to 229 hours in
scenario 1 in Frankston
beach and Coldstream
stations, respectively.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer

month using weather data simulated by WRF.

During a typical summer
month, the total number
of hours with an indoor
air temperature (>26 °C) is
predicted to significantly
decrease from 340 hours
in reference scenario

to 236 and 185 hours
under scenario 1 and

2, in Frankston beach
station; and from 393
hours in reference scenario
to 276 and 240 hours
under scenario 1 and 2

in Coldstream station,
respectively.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban

temperature
scenario

Frankston

beach 340 236 185

Coldstream 393 276 240
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the fact that it is a
low-rise building with roof
insulation, the ‘Do Nothing’
approach has the higher
costs over the building’s
life cycle, compared to the
coating cool roof option.

Table 7.

Building 13 is a good
example of an existing,
low-rise office building,
with a moderate energy
conservation potential,
where the coating cool
roof is clearly a feasible
investment under all
conditions and the metal
cool roof is feasible for
high energy prices and for
hotter weather conditions.

The building and its energy performance

Building 13 is an existing, low-rise building, with a total air-conditioned area of 2.400
m? distributed on two levels. The 1.200 m? roof is insulated, but since it has a direct
impact on half the air-conditioned area, it eventually results in moderate energy
losses and, consequently, in a respective energy saving potential. The main features
of the building's energy performance both for Frankston Beach and for Coldstream
weather conditions, are presented in Table 7.

Energy performance features of Building 13.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 17,1 30,4
Energy consumption after cool roof (MWh) 14,3 25,7
Energy savings (MWh) 2,8 4,7
Energy savings (%) 16,37 % 15,46 %
Area (m?) 1.200 1.200
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 16,37
% for the Frankston Beach weather conditions and of 15,46 % for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater life
expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that vary
between 14,3 % for the low
energy price scenario for
Frankston and 28,6 % for
the high energy scenario
and for Coldstream
conditions (Table 8).

The metal cool roof is

due to its higher initial
investment cost only
feasible for the high energy
prices and the Coldstream
conditions.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 13 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Besch Low Energy Price

o 50,000 1000, (00 150,000 200,000 250,000 300,000

m Coating Cool Roof m nMetal Coal Roof m Do Mathing

Figure 12. Life Cycle Costs for Building 13 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -22,16 % -4,19 % -6,82 % 4,24 %
Coating Cool Roof 14,29 % 24,18 % 22,54 % 28,62 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban scale ap-plication of cool roof
can significantly reduce the cooling load
of the existing low-rise office building
with roof insulation during the summer
season.

* In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the existing low-rise office
building with roof insulation from 9.4-
13.3 kWh/m? to 6.5-8.9 kWh/m? . As
computed, the two sum-mer months
total cooling load saving by building-
scale application of cool roofs is around
2.9-4.8 kWh/m2. This is equivalent to
approximately 29.4-36.0 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 4.9-6.4 kWh/m?.
This is equivalent to 45.2-52.4 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the ref-erence
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illus-trate that the annual
heating penalty (1.0-1.7 kWh/m?) is
significantly lower than the annual
cooling load reduction (4.1-6.6 kWh/m2).
As calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 23.4-32.2 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 2.9-4.9 kWh/

m? (~12.4-18.2%) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 20.1-39.0 °C
and 19.5-41.0 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 4.3 and 5.4 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction
is foreseen to increase further to 5.4
and 6.0 °C by com-bined building-scale
and urban-scale application of cool
roofs (scenario 2) in Observato-ry and
Coldstream stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 13.0 and
23.4 °C in reference scenario to a range
between 12.7 and 22.2 °C in reference
with cool roof scenario (scenario 1) in




Frankston beach station (See Figure 8).
Similarly, the indoor air temperature
is predicted to reduce from a range
between 10.5 and 24.3 °C in reference
scenario to a range between 10.0 and
22.8 °C in reference with cool roof
scenario (scenario 1) in Coldstream
station (See Figures 8 and 9).

* During a typical winter month and
under free floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just
0.9 °C and 1.1 °C in Frankston beach
and Coldstream stations, respectively.
Positively, temperature decrease
happens mainly during the non-heating
period when in-door temperature is
higher than the threshold (See Figures
10and 11).

*During a typical winter month and under
free floating condition, the total number
of hours with an indoor air temperature
below 19 °C is predicted to increase
from 520 hours in reference scenario
to 556 hours in reference with cool roof
scenario (scenario 1) in Frankston beach
station. The estimations for Coldstream
stations also show a slight in-crease
in total number of hours below 19 °C
from 558 hours in reference scenario
to 595 hours in reference with cool roof
scenario (scenario 1). The results show
less in-crease in total number hours
below 19 °C between the two scenarios
(i.e. reference scenario and reference
with cool roof scenario (scenario 1))
during operational hours of the building.
The number of hours below 19 °C during
operational hours of the building (i.e.
Monday to Friday, 7am-6 pm) is expected
to increase from 179 hours in reference
scenario to 200 hours in reference
with cool roof scenario (scenario 1) in
Frankston beach station. Similarly, the
calculation in Coldstream station shows
a slight increase of number of hours

below 19 °C from 200 hours to 229 hours
during the operational hours (Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 340 hours under
the reference scenario in Observa-
tory  station, which  significantly
decreases to 236 and 185 hours under
the reference with cool roof scenario
(scenario 1) and cool roof and modified
urban temperature scenario (scenario
2), respectively. The simulations in
Coldstream station also illustrate a
significant reduc-tion in number of
hours above 26 °C from 393 hours in
reference scenario to 276 in ref-erence
with cool roof scenario (scenario 1) and
240 hours in cool roof and modified ur-
ban temperature scenario (scenario 2),
respectively (See Table 6).

* As it can be deduced from the feasibility
analysis, given the fact that it is a low-
rise building with roof insulation, the ‘Do
Nothing’ approach has the higher costs
over the building’s life cycle, compared
to the coating cool roof option, which
leads to a reduction of life cycle costs,
that vary between 14,3% for the low
energy price scenario for Frankston and
28,6% for the high energy scenario and
for Coldstream conditions, as it can be
seen in Table 8. The metal cool roof is
due to its higher initial investment cost
only feasible for the high energy prices
and the Coldstream conditions. Building
13 is in that sense a good example of
an existing, low-rise office building,
with a moderate energy conservation
potential, where the coating cool roof
is clearly a feasible investment under
all conditions and the metal cool roof is
feasible for high energy prices and for
hotter weather conditions.
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Floor area :1200m?
Number of stories 210

Image source: Ecipark Office Building. https://
jerseydigs.com/bayonne-city-council-approves-
10-story-building-975-broadway/

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 14

EXISTING HIGH-RISE OFFICE BUILDING
WITH ROOF INSULATION

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for an existing high-rise office building with roof insulation for two summer
months (i.e. January and February) under three scenarios including reference scenario, reference with
cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with

weather data simulated by WRF for COP=1 for heating and cooling.
The building-scale - . g
Ji . / Stations Reference Scenario 1 Scenario 2
app Ication Of coo I’OOfS scenario Reference with Cool roof with
can decrease the two cool roof modified urban
scenario temperature
summer months total Bt et
cooling load of the existing
; : : A Sensible  Total Sensible  Total Sensible  Total
hlgh_”se O_ﬁlce bw/dmg cooling cooling cooling cooling cooling cooling
with roof insulation from (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
7.4-10.1 kWh/m? to 6.9-9.4 Avalon airport 8.4 9.1 7.8 8.5 6.4 6.6
kWh/m?. Coldstream 9.4 10.0 8.5 9.0 7.1 7.2
Essendon 9.2 9.8 8.5 9.1 6.6 6.7
Frankston 6.6 7.4 6.0 6.9 46 47
beach
Melbourne 9.4 10.1 8.7 9.4 6.8 6.9
airport
Moorabbin 7.0 7.9 6.5 7.3 5.0 5.2
airport
Olympic park 7.9 8.7 7.3 8.1 6.2 6.4

Table 2. Sensible and total cooling load saving for an existing high-rise office building with roof insulation for
reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
S io 2
around 0.5-0.9 kWh/m? S
which is equiva/ent to 6.5- Sensible cooling  Total cooling Sensible cooling  Total cooling
9.4 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. Avalon airport 0.6 6.8 0.6 6.5 2.0 240 25 27.1
Coldstream 0.9 9.8 0.9 9.4 2.3 24.4 2.7 27.6
For Scenario 2, the total Essendon 0.7 7.2 0.7 6.9 2.5 27.7 3.1 31.6
cooling load saving is tF)reaa”C'r‘ftO” 05 77 05 72 20 303 27 359
around 2.3-3.2 kWh/m? Melbourme
which is equivalent to 26.5- airport 07 73 07 70 26 281 32 320
35.9 % of total cooling load :
of g Moorabbin 05 75 05 70 20 284 27 341
reduction. airport

Olympic park 0.6 7.4 0.6 6.9 1.7 218 23 26.5




In the eleven weather
stations in Sydney, the
combined building-

scale and urban scale
application of cool roofs
can reduce the cooling
load of the existing high-
rise office building with
roof insulation during the
summer season.

s

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for an existing high-rise office building with insulation with weather data simulated by WRF for
COP=1 for heating and cooling.

<7 e N
Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. Januray and February) for an existing high-rise office building with insulation with weather

data simulated by WRF for COP=1 for heating and cooling.

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for an existing high-rise office building with insulation
with weather data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario aljd chnar\o 1; esumat.ed AN N UAL CO O |_| N G AN D H EAT| N G LOA D
et UNDER TWO SCENARIOS?

Table 3. Annual cooling and heating loads for an existing high-rise office building with roof insulation for two
scenarios including reference scenario and reference with cool roof scenario (scenario 1) using annual
measured weather data for COP=1 for heating and cooling.

. Stations Reference Scenario 1

The annual COO//ng scenario Reference with

and heating simulation cool roof scenario

usmg GI’)HUG/ measured Annual Annual Annual Annual

weather data illustrates cooling load heating load cooling load heating load

that the Gnnual heat/ng (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

penalty (0_2_0.3 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total

is significantl)/ lower than Avalon airport 12.2 13.6 2.3 55 11.6 12.9 2.4 5.7

the annual coo//'ng load Coldstream 16.3 18.1 2.7 6.7 15.2 17.0 2.9 7.0

reduction (0.7-1.2 kWh/m?). Essendon 161 176 1.9 4.7 153 167 20 4.9
Ereaa”cfm” 85 97 12 31 78 90 13 33
'a\’i'fgtc’)cr’t“me 157 169 22 5.4 149 161 2.3 5.6
g’i'ro;orftbbi” 137 152 1.6 3.9 129 145 1.7 4.1

Olympic park 14.8 16.4 1.3 3.4 13.8 15.4 1.4 3.6

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for an existing high-rise office building with
roof insulation using annual measured weather data for COP=1 for heating and cooling.

Stations Annual Annual Annual total

The.annual COO/ing load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 4' 7-7.5 %. Sensible Total Sens. Total Sensible Total
kWh/m? % KWh/m? % KWh/m? kWh/m? % kWh/m? %

. Avalonairport 07 54 07 51 01 02 05 38 05 25
The annual total cooling valon airpor

and heatl'ng /Oad saving by Coldstream 1.1 6.8 1.2 6.4 0.2 0.3 0.9 4.9 0.8 3.3
building-scale application Essendon 08 51 09 49 01 02 07 40 06 29
of cool roofs ranges Frankston
07 82 07 75 01 02 06 64 05 41
between 0.5-0.8 beach
2 [~ - 0,
kWh/m? (~2.5-4.1 %). Melbourne  4g 49 08 47 01 02 07 37 06 26
airport
Moorabbin  4g 55 08 52 04 02 07 44 06 32
airport

Olympic park 1.0 6.5 1.0 6.2 0.1 0.2 0.9 5.4 0.8 4.1




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing high-rise office building with insulation under free floating conditions during a
typical summer week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,

reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing high-rise office building with insulation under free floating conditions during a
typical summer week in Coldstream station using weather data simulated by WRF.



During a typical summer Reference scenario vs scenario 1
week, the indoor air Reference scenario vs scenario 2
temperature of the O
reference scenario ranges e
between 21.8-36.2 °C and 5
21.1-37.5°C in Frankston ©
beach and Coldstream 8
stations, respectively. £
-
E .
S
[e]
p=]
L=
0 = I H I 7 I 4 I 2 1 :
8 Feb 9 Feb 10 Feb 11 Feb 12 Feb 13 Feb 14 Feb
Date

Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing high-rise office building with insulation under free-floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 0.8°Cand 1.2 °C
in Frankston beach and
Coldstream stations,
respectively.

Reference scenario vs scenario 1

Reference scenario vs scenario 2

]
1

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.0 and
2.1 °C in Frankston beach
and Coldstream stations,

respectively. 0 —
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing high-rise office building with insulation under free-floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.

Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected to
remain almost the same
in reference scenario

and reference with cool
roof scenario (scenario

1) in Frankston beach

and Coldstream stations,
respectively.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing high-rise office building with insulation under
free-floating condition during a typical winter week in Frankston beach station using annual measured

weather data.

Indoor air temp-Reference scenario
Indoor air temp-Scenario 1

Ambient temp.

30|
25 |

o

<

o 207

=

©

& 154

o

5

= 104
5_
0
o

3 L S s
Date

aB W

9 A0

Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing high-rise office building with insulation under
free-floating condition during a typical winter week in Coldstream station using annual measured weather

data.



0.5
For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted to
be just 0.2 °C in Frankston
beach and Coldstream
stations.

Indoor temp reduction-Reference scenario vs scenario 1 (°C)

0.0

Indoor temp-Reference scenario (°C)

Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing high-rise office building without insulation under free-floating conditions during
a typical winter month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing high-rise office building without insulation under free-floating conditions during
a typical winter month in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

. . . Stations Reference Scenario 1

Dur/ng a typlCG/ winter scenario Reference with
month, the total number cool roof scenario
Of hours with an indoor Operational Operational

i <19 0°C p s Total p s Total
air temperature ( ) hours hours
is predicted to slightly _ Frankston . so5 0 105
increase from 398 hours in beach
reference scenario to 405 Coldstream 175 488 179 501
and hours and from 488
to 501 hours in scenario * Operational hours of the building: Monday to Friday, 7 am-6 pm.

1 in Frankston beach
and Coldstream stations,
respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
137 hours in reference
scenario to 140 hours; and
from 175 to 179 hours in
scenario 1 in Frankston
beach and Coldstream
stations, respectively.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

Stations Reference Scenario 1 Scenario 2

During a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor LU CLELG
. scenario
air temperature (>26 °C)
is predicted to slightl
P gntly Frankston 375 341 262
decrease from 375 hours beach
in reference scenario Coldstream 424 395 332

to 341 and 262 hours
under scenario 1 and

2, in Frankston beach
station; and from 424
hours in reference scenario
to 395 and 332 hours
under scenario 1 and 2

in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the fact that it is a
high-rise office building
with roof insulation, the
‘Do Nothing’ approach
has the higher cost over
the building’s life cycle,
compared to the coating
cool roof option.

Table 7.

Building 14 is a good
example of an existing,
insulated, high-rise office
building, with a limited
energy conservation
potential, where the
coating cool roof is clearly
a feasible investment under
all conditions and the
metal cool roof is feasible
only for high energy prices
and for hotter weather
conditions.

The building and its energy performance

Building 14 is an existing, high-rise office building, with a total air-conditioned area
of 12.000 m? distributed on ten levels. The 1.200 m? roof is insulated and, since
it has a direct impact only on the last floor, it eventually results in limited energy
losses and, consequently, in a respectively limited energy saving potential. The main
features of the building’'s energy performance both for Frankston Beach and for
Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 14.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 61,4 119,0
Energy consumption after cool roof (MWh) 59,0 115,2
Energy savings (MWh) 24 3.8
Energy savings (%) 3,91 % 3,19 %
Area (m?) 1.200 1.200
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
* A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 3,91
% for the Frankston Beach weather conditions and of 3,19 % for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater life
expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that
varies between 20,3 %

for the low energy price
scenario for Frankston
and 24,4 % for the high
energy scenario and for
Coldstream condlitions
(Table 8).

The metal cool roof is

due to its higher initial
investment cost only
feasible for the high energy
prices and the Coldstream
conditions.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 14 Melbourne

Coldstream High Energy Price
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

0 200,000 400,000 600,000 BO0,000 1,000,000 1,200,000

B Coating Cool Roof B Metal Cool Roof  ® Do Nothing

Figure 12. Life Cycle Costs for Building 14 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -6,30 % -0,70 % -1,38% 1,59 %
Coating Cool Roof 20,27 % 23,30 % 22,76 % 24,37 %
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CONCLUSIONS

* It is estimated that the combined
building-scale  and  urban  scale
application of cool roofs can reduce the
cooling load of the existing high-rise
office building with insulation during the
summer season.

* In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease the
two summer months total cooling load
of the existing high-rise office building
from 7.4-10.1 kWh/m?to 6.9-9.4 kWh/m?.
As computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.5-0.9 kWh/m?. This is equivalent to
approximately 6.5-9.4 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 2.3-3.2 kWh/m?2.
This is equivalent to 26.5-35.9 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.2-0.3 kWh/m?) is
significantly lower than the annual
cooling load reduction (0.7-1.2 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 4.7-7.5 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 0.5-0.8kWh/
m? (~2.5-4.1 %) (See Table 3 and 4).

* During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 21.8-36.2 °C
and 21.1-37.5 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.8 and 1.2 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 2.0 and
2.1 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free floating condition, the indoor air
temperature is expected to remain
almost the same in reference scenario
and reference with cool roof scenario
(scenario 1) in Frankston beach and
Coldstream stations, respectively (See
Figures 8 and 9).




+ During a typical winter month
and under free floating condition,
the average maximum indoor air

temperature reduction by building-scale
application of cool roofs is predicted
to be just 0.2 °C in Frankston beach
and Coldstream stations. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 398 hours
in reference scenario to 405 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
also show a slight increase in total
number of hours below 19 °C from 488
hours in reference scenario to 501 hours
in reference with cool roof scenario
(scenario 1). The results show less
increase in total number hours below
19 °C between the two scenarios (i.e.
reference scenario and reference with
cool roof scenario (scenario 1)) during
operational hours of the building. The
number of hours below 19 °C during
operational hours of the building (i.e.
Monday to Friday, 7am-6 pm) is expected
to increase from 137 hours in reference
scenario to 140 hours in reference
with cool roof scenario (scenario 1) in
Frankston beach station. Similarly, the
calculation in Coldstream station shows
a slight increase of number of hours
below 19°C from 175 hours to 179 hours
during the operational hours (See Table
5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C.

As computed, the number of hours
above 26 °C is 375 hours under the
reference scenario in Frankston beach
station, which decreases to 341 and
262 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
424 hours in reference scenario to 395
in reference with cool roof scenario
(scenario 1) and 332 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

* As it can be deduced from the feasibility
analysis, given the fact that it is a high-
rise office building with roof insulation,
the ‘Do Nothing' approach has the
higher cost over the building's life cycle,
compared to the coating cool roof
option, which leads to a reduction of life
cycle costs, that varies between 20,3%
for the low energy price scenario for
Frankston and 24,4% for the high energy
scenario and for Coldstream conditions,
as it can be seen in Table 8. The metal
cool roof is due to its higher initial
investment cost only feasible for the
high energy prices and the Coldstream
conditions. Building 14 is in that sense a
good example of an existing, insulated,
high-rise office building, with a limited
energy conservation potential, where
the coating cool roof is clearly a feasible
investment under all conditions and the
metal cool roof is feasible only for high
energy prices and for hotter weather
conditions.
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Floor area :1100m?
Number of stories 12

Image source: Westfield Tea Tree Plaza, Tea Tree

Plaza 976 North East Rd, Modbury, Tea Tree Gully,

South Australia 5092, Australia

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 15

EXISTING LOW-RISE SHOPPING MALL

CENTRE

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for an existing low-rise shopping mall centre without roof insulation for two
summer months (i.e. January and February) under three scenarios including reference scenario, reference
with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2)
with weather data simulated by WRF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
: gl Sensible  Total Sensible  Total Sensible  Total
COO/H?g load Ofthe eX/st/ng cooling cooling cooling cooling cooling cooling
low-rise shopping mall (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
centre from 44.7-52.9 kWh/ Avalon airport  44.2 47.1 37.3 40.2 340 35.0
m?to 37.3-43.0 kWh/m?. Coldstream 50.1 52.9 40.4 430 36.3 373
Essendon 46.8 49.7 39.4 42.3 34.6 35.3
Frankston 40.6 44.7 335 373 29.1 30.2
beach
Melbourne 47.5 50.4 40.0 42.9 35.2 35.9
airport
Moorabbin 416 45.6 345 383 30.0 31.1
airport
Olympic park 44.0 47.5 36.8 40.2 335 34.6

Table 2. Sensible and total cooling load saving for an existing low-rise shopping mall centre without roof insulation
for reference scenario versus reference with cool roof scenario (scenario 1), and reference scenario versus
cool roof with modified urban temperature scenario (scenario 2) for two summer months (i.e. January and
February) with weather data simulated by WRF for COP=1 for heating and cooling.

. h / Stations Reference scenario versus Reference scenario versus
For Scenario 1, the tota Reference with cool roof Cool roof with modified urban
coo/ing load saving is scenario (Scenario 1) tgmper_atlire scenario
cenario
around 6.9-9.8 kWh/m? ( )
j i j - Sensible cooling  Total cooling Sensible cooling  Total cooling
which is equivalent to 14.7
18.6 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. Avalonairport 68 154 69 147 101 230 122 258
Coldstream 9.7 19.4 9.8 18.6 13.8 27.5 15.6 29.4
For Scenario 2. the total Essendon 7.4 15.7 7.5 15.0 12.2 26.0 14.4 29.0
4
cooling load saving is tF)reaa”C'r‘ftO” 7.2 177 74 165 115 283 145 324
around 12.2-15.6 kWh/m? Vel
. . elbourne
which is equ/va/ent to 25.8- airport 7.5 15.7 7.6 15.1 12.3 25.9 14.5 28.8
0 .
fezaflc/;)iéztal cooling Joad g’i';’gftbbi” 7.1 171 73 160 11,6 278 146 319

Olympic park 7.2 16.3 7.3 15.4 10.5 23.8 12.9 27.1
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In the eleven weather
stations in Melbourne,
the combined building-
scale and urban-scale
application of cool roofs
can reduce the cooling
load of the existing low-
rise shopping mall centre
with insulation during the
summer season.

. 4 Total Cooling
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;

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for an existing low-rise shopping mall centre with weather data simulated by WRF for COP=1
for heating and cooling.
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Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for an existing low-rise shopping mall centre with weather data
simulated by WRF for COP=1 for heating and cooling.

_ Total ooling
e

2 Ros: 1:0.623
© KWhimz

;\Muc
| High : 43

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for an existing low-rise shopping mall centre with
weather data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for an existing low-rise shopping mall centre for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (0.4-0.9 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantb/ lower than Avalon airport 99.0 111.6 3.1 9.7 83.5 95.5 3.3 10.3
the annual Coo/ing load Coldstream 113 1228 3.8 11.9 90.8 101.7 4.1 12.8
reduction (15.5-22.1 kWh/ Essendon 107.0 1173 26 8.2 90.7 1007 2.8 8.7
2
). Ereaa”cfm” 893 1029 16 47 702 81 17 51
Melbourne 1021 1101 29 9.3 869 946 3.1 9.9
airport
Moorabbin 1032 1154 2.3 6.9 86.8 986 24 7.3
airport
Olympic park 116.0 1284 2.0 6.0 94.5 1063 2.1 6.5

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference scenario
versus reference with cool roof scenario (scenario 1) for an existing low-rise shopping mall centre using
annual measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total

The.annual CQO/’ng load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 74' 1- 79'2 0/0. Sensible Total Sens. Total Sensible Total

kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %

The annual total coo/ing Avalon airport 154 156 16.0 144 0.2 0.6 153 149 155 127

and heating load saving by Coldstream 205 184 210 171 03 09 202 176 201 149

building-scale application Essendon 162 152 166 142 02 05 161 147 161 129

of cool roofs ranges

b]; tween 1 g 0-27g6 KWh/m? E;aa”c‘;fton 191 214 198 192 01 04 189 208 194 180

~ _ 0

(~12.5-18.0 %). x%&’)‘r’#me 152 149 155 141 02 05 151 143 150 125
progibbi” 164 159 168 146 01 04 162 154 164 134
Olympicpark 216 186 221 172 0.1 0.4 214 181 216 16.1




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-

FLOATING

CONDITION DURING A

TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.9-2.5 °C compared to
the reference scenario in
Frankston beach station.

Temperature (°C)

= Indoor air iemp-Relerence scenario
— Indoar air temp-Scenaria 1
= Indoor air temp-Scenaria 2
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing low-rise shopping mall centre under free floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing low-rise shopping mall centre under free floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 20.4-42.7 °C and
19.3-46.7 °C in Frankston
beach and Coldstream
stations, respectively.

Reference scenario vs scenario 1

Reference scenario vs scenario 2
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 2.1°Cand 2.7 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 3.1 °C and
3.7 °Cin Frankston beach
and Coldstream stations,
respectively.

(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing low-rise shopping mall centre under free-floating conditions during a typical summer
week in Frankston beach station using weather data simulated by WRF.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario

(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) an existing new low-rise shopping mall centre under free-floating conditions during a typical summer
week in Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.

Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A
TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to decrease slightly from
arange 12.2-26.3°Cin
reference scenario to
arange 12.2-25.2°Cin
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing low-rise shopping mall centre under free-

The indoor air temperature
is predicted to reduce
from a range 10.6-27.6

°C in reference scenario

to a range 10.4-26.6 °Cin
scenario 1 in Coldstream
station.

floating condition during a typical winter week in Frankston beach station using annual me
data.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and

reference with cool roof scenario (scenario 1) for an existing low-rise shopping mall ce

ntre under free-

floating condition during a typical winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.6 °C and 0.7

°C in Frankston beach

and Coldstream stations,
respectively.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing low-rise shopping mall centre under free-floating conditions during a typical

Temperature decrease
mainly happens during the
non-heating period when
indoor temperature is
higher than the threshold.

winter month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing low-rise shopping mall centre under free-floating conditions during a typical

winter month in Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typica/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor . .

. Operational Total Operational Total
air temperature (<19 °C) hours* hours*
is predicted to slightly Frankston 4s o o “es
increase from 350 hours beach
in reference scenario to Coldstream 84 407 86 412
364 hours, and from 407
to 412 hours in scenario * Operational hours of the building: Monday to Friday, 7 am-6 pm.

1 in Frankston beach
and Coldstream stations,
respectively.

The number operational
hours with air temperature
<19 °C during slightly
increase from 48 hours

in reference scenario
compared to 54 hours in
scenario 1 in Frankston
beach; and from 84 to

86 hours in Coldstream

station.
Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
During a typical summer scenario Reference with Cool roof with
month, the total number cool roof scenario  modified urban
of hours with an indoor LU CLELG

. scenario
air temperature (>26 °C)
is predicted to slightly Frankston 201 78 233
decrease from 401 hours beach
in reference scenario Coldstream 436 401 364
to 378 and 333 hours

under scenario 1 and 2 in
Frankston beach station;
and from 436 hours in
reference scenario to
6401 and 364 hours
under scenario 1 and 2
in Coldstream station,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the fact that it is a
high-rise office building
with roof insulation, the
‘Do Nothing’ approach
has the higher cost over
the building’s life cycle,
compared to the coating
cool roof option.

Table 7.

Building 14 is a good
example of an existing,
insulated, high-rise office
building, with a limited
energy conservation
potential, where the
coating cool roof is clearly
a feasible investment under
all conditions and the
metal cool roof is feasible
only for high energy prices
and for hotter weather
conditions.

The building and its energy performance

Building 15 is an existing, low-rise commercial building, with a total air-conditioned
area of 2.200 m? distributed on two levels. The 1.100 m? roof is insulated, but given
its impact on half of the building’s air-conditioned space, there are moderate to
significant energy losses and, consequently, an important energy saving potential.
The main features of the building’s energy performance both for Frankston Beach
and for Coldstream weather conditions, are presented in Table 7.

Energy performance features of Building 15.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 94,7 118,5
Energy consumption after cool roof (MWh) 77,6 100,8
Energy savings (MWh) 17,1 17,7
Energy savings (%) 18,06 % 14,94 %
Area (m?) 1.100 1.100
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
* A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 18,06
% for the Frankston Beach weather conditions and of 14,94 % for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater life
expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a reduction
of life cycle costs, that
varies between 20,3 %

for the low energy price
scenario for Frankston
and 24,4 % for the high
energy scenario and for
Coldstream condlitions
(Table 8).

The metal cool roof is

due to its higher initial
investment cost only
feasible for the high energy
prices and the Coldstream
conditions.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 15 Melbourne

Coldstream High Energy Frice
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000

m Coating Cool Roof ® hetal Cool Roof = Do Nothing

Figure 12. Life Cycle Costs for Building 15 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof 12,19 % 15,78 % 10,61 % 13,47 %
Coating Cool Roof 33,57 % 35,55 % 32,01 % 33,58 %

12



CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban scale application of cool roof can
significantly reduce the cooling load
of the existing low-rise shopping mall
centre during the summer season.

* In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the existing low-rise shopping
mall centre from 44.7-52.9 kWh/m? to
37.3-43.0 kWh/m?. As computed, the
two summer months total cooling load
saving by building-scale application
of cool roofs is around 6.9-9.8 kWh/
m2. This is equivalent to approximately
14.7-18.6 % total cooling load reduction
in reference with cool roof scenario
(scenario 1) compared to the reference
case scenario (See Table 1 and 2 and
Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 12.2-15.6 kWh/
m?. This is equivalent to 25.8-32.4 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

* The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.4-0.9 kWh/m?) is
significantly lower than the annual
cooling load reduction (15.5-22.1 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 14.1-19.2 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 15.0-21.6
kWh/m? (~12.5-18.0 %) (Table 3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 20.4-42.7 °C
and 19.3-46.7 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 2.1 and 2.7 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 3.1and
3.7 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

* During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 12.2-
26.3 °C in reference scenario to a range
between 12.2-25.2 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 10.6-27.6 °C in reference
scenario to a range between 10.4-26.6°C
in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month and
under free floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just
0.6 °C and 0.7 °C in Frankston beach
and Coldstream stations, respectively.
Positively, ~ temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figures
10and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 350 hours
in reference scenario to 354 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
also show a slight increase in total
number of hours below 19 °C from 407
hours in reference scenario to 412 hours
in reference with cool roof scenario
(scenario 1). The results show less
increase in total number hours below
19 °C between the two scenarios (i.e.
reference scenario and reference with
cool roof scenario (scenario 1)) during
operational hours of the building. The
number of hours below 19 °C during
operational hours of the building (i.e.
7 am-6 pm) is expected to increase
from 48 hours in reference scenario
to 54 hours in reference with cool roof
scenario (scenario 1) in Frankston
beach station. Similarly, the calculation
in Coldstream station shows a slight

increase of number of hours below 19
°C from 84 hours to 86 hours during the
operational hours (See Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 401 hours under
the reference scenario in Frankston
beach station, which decreases to 378
and 333 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
436hours in reference scenario to
401in reference with cool roof scenario
(scenario 1) and 364 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

* As it can be deduced from the feasibility
analysis, given the building's typology,
the ‘Do Nothing' approach has the
highest cost over the building's life cycle
compared to both cool roof techniques,
which lead to a significant reduction of
life cycle costs over the building's life
cycle, that varies between 10,6 % for
the metal roof, the low energy price
scenario and for Coldstream conditions
and 35,5 % for the cool coating, the
high energy scenario and for Frankston
Beach conditions, as it can be seen in
Table 8. Building 15 is in that sense a
very good example of a how in a low-rise
building, even if its roof is insulated, the
energy conservation potential makes the
use of cool roof techniques a feasible
investment over the building's life cycle.
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Floor area :1100m?
Number of stories 16

Image source: Mall of America, Minneapolis

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 16

EXISTING HIGH-RISE SHOPPING MALL

CENTRE

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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9 Reference scenario, scenario 1, and scenario
2; estimated for eleven weather stations in
Melbourne using weather data simulated by WRF.

1

SENSIBLE AND TOTAL COOLING LOAD
FOR TWO SUMMER MONTHS UNDER
THREE SCENARIOS®

Table 1.

Sensible and total cooling load for an existing high-rise shopping mall centre for two summer months
(i.e. January and February) under three scenarios including reference scenario, reference with cool roof
scenario (scenario 1), and cool roof with modified urban temperature scenario (scenario 2) with weather
data simulated by WRF for COP=1 for heating and cooling.

The building-scale
application of cool roofs
can decrease the two
summer months total
cooling load of an existing
high-rise shopping mall
centre from 40.2-46.8 kWh/
m? to 38.0-43.7 kWh/m?.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof modified urban
scenario temperature
scenario
Sensible  Total Sensible  Total Sensible  Total
cooling cooling cooling cooling cooling cooling
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)
Avalon airport  39.9 42.9 37.9 40.8 34.4 354
Coldstream 441 46.8 41.0 437 36.7 37.7
Essendon 42.0 45.0 39.8 42.7 34.8 35.6
Frankston 36.2 40.2 34.1 38.0 29.6 30.7
beach
Melbourne 427 45.6 40.5 433 35.4 36.2
airport
Moorabbin 37.1 41.1 35.0 39.0 30.4 31.5
airport
Olympic park 39.4 43.0 37.3 40.8 33.9 35.1

Table 2. Sensible and total cooling load saving for an existing high-rise shopping mall centre for reference scenario
versus reference with cool roof scenario (scenario 1), and reference scenario versus cool roof with
modified urban temperature scenario (scenario 2) for two summer months (i.e. January and February)
with weather data simulated by WRF for COP=1 for heating and cooling.

For Scenario 1, the total
cooling load saving is
around 2.1-3.2 kWh/m?
which is equivalent to 4.8-
6.8 % of total cooling load
reduction.

For Scenario 2, the total
cooling load saving is
around 7.5-9.7 kWh/m?
which is equivalent to 17.4-
23.7 % total cooling load
reduction.

Stations

Reference scenario versus
Reference with cool roof

scenario (Scenario 1) tempera

Reference scenario versus
Cool roof with modified urban

ture scenario

(Scenario 2)

Sensible cooling  Total cooling Sensible cooling  Total cooling
kWh/m? % kWh/m? % kWh/m? % kWh/m? %
Avalon airport 2.0 5.1 2.1 4.8 5.5 13.7 7.5 17.4
Coldstream 3.1 7.1 3.2 6.8 7.4 16.8 9.1 19.5
Essendon 2.2 5.2 2.2 5.0 7.2 171 9.4 20.9
Frankston 2.2 5.9 2.2 55 6.7 184 96 237
beach
Melbourne 2.3 5.3 2.3 5.0 7.3 171 95 20.7
airport
Moorabbin
airport 2.1 5.7 2.2 5.3 6.8 18.2 9.7 23.6
Olympic park 2.1 5.4 2.2 5.1 5.5 140 7.9 18.3




In the eleven weather
stations in Melbourne,
the combined building-
scale and urban-scale
application of cool roofs

can significantly reduce the

cooling load of an existing
high-rise shopping mall
centre during the summer
season.

;. KWW im2
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Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for an existing high-rise shopping mall centre with weather data simulated by WRF for COP=1
for heating and cooling.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for an existing high-rise shopping mall centre with weather data
simulated by WRF for COP=1 for heating and cooling.
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Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for an existing high-rise shopping mall centre with
weather data simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for an existing high-rise shopping mall centre for two scenarios including
reference scenario and reference with cool roof scenario (scenario 1) using annual measured weather
data for COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (0.1-0.3 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantb/ lower than Avalon airport 89.7 102.2 2.4 7.9 85.4 97.8 2.4 8.1
the annual cooling load Coldstream 98.0  109.4 3.1 102 921 1033 32 10.5
reduction (4.3-6.1 kWh/m?). Essendon 97.8 1083 1.9 6.3 933 1036 1.9 6.5
Ereaa”cfm” 796 931 10 3.1 740 873 10 33
Melbourne 930  101.0 22 7.4 887 967 22 7.6
airport
Moorabbin 944 1066 1.6 5.1 89.9 1020 1.6 5.2
airport
Olympic park 1045 1168 1.3 4.2 98.3 1105 1.3 4.4

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference scenario
versus reference with cool roof scenario (scenario 1) for a new high-rise shopping mall centre using annual
measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 4' 3-6.2 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
; Avalon airport 43 48 44 43 01 02 42 46 43 39
The annual total cooling valon airpor
and heatl'ng load saving by Coldstream 6.0 6.1 6.1 5.6 0.1 0.3 5.9 5.8 5.8 49
building-scale application Essendon 45 46 47 43 00 02 45 45 45 39
of cool roofs ranges Frankston
55 70 58 62 00 01 55 68 57 59
between 4.2-6.2 kWh/m? beach
~ _ 0,
(~3.9-5.9 %). Melbourne > 46 43 43 00 02 42 44 42 38
airport
Moorabbin = ,5 48 47 44 00 01 45 47 45 41
airport
Olympic park 6.2 5.9 6.4 5.4 0.0 0.1 6.2 5.8 6.2 5.1
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing high-rise shopping mall centre under free floating conditions during a typical
summer week in Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for an existing high-rise shopping mall centre under free floating conditions during a typical
summer week in Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.6-41.7 °C and
20.6-45.45 °C in Frankston
beach and Coldstream
stations, respectively.

Indoor Air Temperature (°C)

Reference scenario vs scenario 1

Reference scenario vs scenario 2
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing high-rise shopping mall centre under free-floating conditions during a typical summer
week in Frankston beach station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.7 °C and 0.9 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.0 °C and
2.1 °C in Frankston beach
and Coldstream stations,
respectively.
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Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for an existing highrise shopping mall centre under free-floating conditions during a typical summer

week in Coldstream station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.

Frankston beach and Coldstream) using annual
measured weather data.

4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

TYPICAL COLD PERIOD UNDER TWO

SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected
to slightly decrease from
a range 13.9-25.9°Cin
reference scenario to

a range 13.9-25.7 °Cin
scenario 1 in Frankston
beach station.
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing high-rise shopping mall centre under free-
floating condition during a typical winter week in Frankston beach station using annual measured weather

The indoor air temperature
is predicted to reduce
from a range 12.6-27.0

°C in reference scenario
toarange 12.5-26.8°Cin
scenario 1 in Coldstream
station.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for an existing high-rise shopping mall centre under free-
floating condition during a typical winter week in Coldstream station using annual measured weather data.



0.5

For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted to
be just 0.2 °C in Frankston
beach and Coldstream
stations.
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Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing high-rise shopping mall centre under free-floating conditions during a typical
winter month in Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) for an existing high-rise shopping mall centre under free-floating conditions during a typical
winter month in Coldstream station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient

temperatures in Melbourne (i.e. Frankston beach
and Coldstream) using annual measured weather

data.

5

NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING
A TYPICAL COLD PERIOD AND ABOVE

26°C DURING A TYPICAL WARM PERIOD®

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter

month using annual measured weather data.

During a typical winter
month, the total number
of hours with an indoor
air temperature (<19 °C)
is predicted to increase
slightly from 269 in the
reference scenario to
275 hours in Scenario 1
in Frankston beach,; and
from 349 to 354 hours
in Coldstream stations,
respectively.

Stations Reference Scenario 1

scenario Reference with

cool roof scenario

Operational Operational

hours* Total hours* Total
Frankston
beach 36 269 38 275
Coldstream 71 349 72 354

The number operational
hours with air temperature
<19 °C during slightly
increase from 36 hours

in reference scenario
compared to 38 hours in
scenario 1 in Frankston
beach; and from 71 to

72 hours in Coldstream
station.

* Operational hours of the building: Monday to Friday, 7 am-6 pm.

month using weather data simulated by WRF.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer

During a typical summer
month, the total number
of hours with an indoor
air temperature (>26 °C)
is predicted to slightly
decreased from 448 hours
in reference scenario

to 440 and 383 hours
under scenario 1 and 2 in
Frankston beach station;
and from 474 hours in
reference scenario to 465
and 416 hours under
scenario 2 in Coldstream
station, respectively.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban

temperature
scenario

Frankston

beach 448 440 383

Coldstream 474 465 416
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s
typology, the ‘Do Nothing’
approach has the highest
cost over the building’s life
cycle compared to both
cool roof techniques

Table 7.

Building 16 is a good
example of an existing,
insulated, high-rise
commercial building
where, despite the

rather moderate energy
conservation potential,
the coating cool roof is a
highly feasible investment
over the building’s life
cycle. Due to its typology
and operational patterns,
the impact of the different
weather conditions is
negligible.

The building and its energy performance

Building 16 is an existing, high-rise commercial building, with a total air-conditioned
area of 6.600 m? distributed on six levels. The 1.100 m? roof is not insulated,
resulting in energy losses which have a direct impact on the building’s last floor
and, consequently lead to a moderate energy saving potential. The main features
of the building’s energy performance both for Frankston Beach and for Coldstream
weather conditions, are presented in Table 7.

Energy performance features of Building 16.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 254,0 315,7
Energy consumption after cool roof (MWh) 239,2 300,4
Energy savings (MWh) 14,8 15,3
Energy savings (%) 5,83% 4,85%
Area (m?) 1.100 1.100
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
+ A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in energy savings of 5,83
% for the Frankston Beach weather conditions and of 4,85 % for the Coldstream
conditions. The metal roof option has higher investment costs, but also a greater life
expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads lead to a
significant reduction of
life cycle costs over the
building’s life cycle, that
varies between 26,2%
for the low energy price
scenario for Coldstream
and 26,8% for the

high energy scenario
for Frankston Beach
conditions (Table 8).

The metal cool roof also
shows a positive feasibility,
but due to its higher initial
investment cost it is less
appealing than the coating
cool roof.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 16 Melbourne
Coldstream High Encergy Price
Coldstream Low Energy Price

Frankston Beach High Energy Price

Frankston Beach Low Energy Price

o S00,000 1,000,000 1,500,000 2,000,000 2,500,000

m Coating Cool Roof ® Metal Cool Roof B Do Mothing

Figure 12. Life Cycle Costs for Building 16 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof 4,75 % 531 % 4,31 % 4,38 %
Coating Cool Roof 26,70 % 26,83 % 26,23 % 26,31 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban scale application of cool roof can
significantly reduce the cooling load
of an existing high-rise shopping mall
centre during the summer season.

+ In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of the low-rise office building from
40.2-46.8 kWh/m? to 38.0-43.7 kWh/m?.
As computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
2.1-3.2 kWh/m2. This is equivalent to
approximately 4.8-6.8 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

* In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 7.5-9.7 kWh/m?2.
This is equivalent to 17.4-23.7 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (0.1-0.3 kWh/m?) is
significantly lower than the annual
cooling load reduction (4.3-6.1 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 4.3-6.2 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 4.2-6.2 kWh/
m2 (~3.9-5.9 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 21.6-41.7 °C
and 20.6-45.45 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 0.7 and 0.9 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 2.0 and
2.1 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

+ During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

+ During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
slightly from a range between 13.9-
25.9 °C in reference scenario to a range
between 13.9-25.7 °C in reference
with cool roof scenario (scenario 1) in
Frankston beach station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 12.6-27.0 °C in reference
scenario to a range between 12.5-26.8
°C in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month
and under free floating condition,
the average maximum indoor air

temperature reduction by building-scale
application of cool roofs is predicted
to be just 0.2 °C in Frankston beach
and Coldstream stations. Positively,
temperature decrease happens mainly
during the non-heating period when
indoor temperature is higher than the
threshold (See Figures 10 and 11).

+ During a typical winter month and
under free floating condition, the total
number of hours with an indoor air
temperature below 19 °C is predicted
to increase slightly from 269 hours
in reference scenario to 275 hours
in reference with cool roof scenario
(scenario 1) in Frankston beach station.
The estimations for Coldstream stations
also show a slight increase in total
number of hours below 19 °C from 349
hours in reference scenario to 354 hours
in reference with cool roof scenario
(scenario 1). The results show less
increase in total number hours below
19 °C between the two scenarios (i.e.
reference scenario and reference with
cool roof scenario (scenario 1)) during
operational hours of the building. The
number of hours below 19 °C during
operational hours of the building (i.e.
7 am-6 pm) is expected to increase
from 36 hours in reference scenario
to 38 hours in reference with cool roof
scenario (scenario 1) in Frankston
beach station. Similarly, the calculation
in Coldstream station shows a slight
increase of number of hours below 19
°C from 71 hours to 72 hours during the
operational hours (See Table 5).

* During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C. As computed, the number of hours
above 26 °C is 448 hours under the
reference scenario in Frankston beach
station, which slightly decreases to 440
and 383 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
474 hours in reference scenario to 465
in reference with cool roof scenario
(scenario 1) and 416 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

+ As it can be deduced from the feasibility
analysis, given the building's typology,
the ‘Do Nothing' approach has the
highest cost over the building's life cycle
compared to both cool roof techniques.
These lead to a significant reduction of
life cycle costs over the building's life
cycle, that varies for the coating cool roof
between 26,2% for the low energy price
scenario for Coldstream and 26,8% for
the high energy scenario for Frankston
Beach conditions, as it can be seen in
Table 8. The metal cool roof also shows
a positive feasibility, but due to its higher
initial investment cost it is less appealing
than the coating cool roof. Building 16
is in that sense a good example of an
existing, insulated, high-rise commercial
building where, despite the rather
moderate energy conservation potential,
the coating cool roof is a highly feasible
investment over the building's life cycle.
Furthermore, one can notice that it the
case of the specific building, due to
its typology and operational patterns,
the impact of the different weather
conditions is negligible.
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Floor area :242m?
Number of stories 01

Image source: https://www.newhomesguide.

com.au/builders/long-island-homes/homes/new-

homes/moonbi-240

Note: building characteristics change with climate
zones

Reference scenario

Reference building as described in
Appendix with a conventional roof.
Use of two sets of climatic data
including one climatic data simulated
by Weather Research Forecast (WRF)
for the current condition for two
summer months and one measured
annual weather data.

BUILDING 17

NEW STANDALONE HOUSE

Scenario 1:
Reference with cool roof scenario

Same building as in the reference
scenario with a cool roof. Use of two
sets of climatic data including one
climatic data simulated by WRF for
the current condition for two summer
months and one measured annual
weather data.

e,

| _:J|_|J|

Scenario 2:
Cool roof with modified urban
temperature scenario

Same building as in the reference
scenario with a cool roof. Use of
climatic data simulated by WRF
considering an extensive use of cool
roofs in the city.

Project name : Cool Roofs Cost Benefit Analysis Study
Project number : PRI-00004295

Date : 15 September 2021

Report contact : Prof Mattheos Santamouris
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1

SENSIBLE AND TOTAL COOLING LOAD
"‘Refe.rence scenario, scenario 1, anq sce‘nar\'o FO R TWO S U M M E R M O N TH S U N D E R
atemne g et s st v THREE SCENARIOS®

Table 1. Sensible and total cooling load for a new stand-alone house for two summer months (i.e. January and
February) under three scenarios including reference scenario, reference with cool roof scenario (scenario
1), and cool roof with modified urban temperature scenario (scenario 2) with weather data simulated by
WREF for COP=1 for heating and cooling.

he buildi / Stations Reference Scenario 1 Scenario 2
The bui Ing-scaie scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; Sensible  Total Sensible  Total Sensible  Total
COO/II’)g load Ofa hew cooling cooling cooling cooling cooling cooling
standalone house from (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
4.6 -7.1 kWh/m? to 2.4-4.1 Avalon airport 5.0 5.5 2.9 33 22 23
kWh/m?. Coldstream 6.5 7.1 37 41 2.9 3.0
Essendon 5.8 6.3 3.5 3.9 2.5 2.5
Frankston 4.0 46 2.0 24 13 14
beach
Melbourne 6.0 6.6 3.7 4.1 2.6 2.7
airport
Moorabbin 42 4.9 2.3 2.7 15 16
airport
Olympic park 4.9 5.6 2.8 33 2.1 2.2

Table 2. Sensible and total cooling load saving for a new stand-alone house for reference scenario versus reference
with cool roof scenario (scenario 1), and reference scenario versus cool roof with modified urban
temperature scenario (scenario 2) for two summer months (i.e. January and February) with weather data
simulated by WRF for COP=1 for heating and cooling.

. Stations Reference scenario versus Reference scenario versus
For Scenario 1, the total Reference with cool roof Cool roof with modified urban
coo/ing load saving I scenario (Scenario 1) temperature scenario
around 2.1-3.0 kWh/m? G
which is equiva/ent to 37.5- Sensible cooling  Total cooling Sensible cooling  Total cooling
46.9 % of total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. Avalon airport 2.1 414 22 399 28 556 3.2 57.9

Coldstream 2.9 43.7 3.0 42.3 3.6 55.3 4.1 57.1

For Scenario 2, the total Essendon 23 39.4 2.4 38.0 3.3 57.2 3.8 59.9
cooling load saving is tF)reaa”C'r‘ftO” 19 488 2.1 469 27 670 32 69.9
around 3.2-4.1 kWh/m?
which is equivalent to 57.1- g/i'fgk(’)‘r’_t“me 23 389 25 375 34 562 39 589
ff('jicofiéifal cooling foad g’i';’gftbbi” 2.0 465 22 447 27 647 33 67.7

Olympic park 2.1 43.0 23 41.3 2.8 57.0 33 59.7




In the eleven weather
stations in Melbourne,
both building-scale and
the combined building-
scale and urban scale
application of cool roofs
can reduce the cooling

load of the new standalone

house during the summer
season.

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and
February) for a new stand-alone house with weather data simulated by WRF for COP=1 for heating and
cooling.

Figure 2. Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1) for two summer
months (i.e. January and February) for a new stand-alone house with weather data simulated by WRF for
COP=1 for heating and cooling.

Figure 3. Spatial distribution of total cooling load for cool roof with modified urban temperature scenario (scenario
2) for two summer months (i.e. January and February) for a new stand-alone house with weather data
simulated by WRF for COP=1 for heating and cooling.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

b Reference scenario and scenario 1; estimated
for eleven weather stations in Melbourne using
measured annual climate data.

Table 3. Annual cooling and heating loads for a new stand-alone house for two scenarios including reference
scenario and reference with cool roof scenario (scenario 1) using annual measured weather data for
COP=1 for heating and cooling.

. Stations Reference Scenario 1
The annual COO//ng scenario Reference with
and heating simulation cool roof scenario
usmg annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

that the annual heating
penalty (1.9-2.9 kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total

is significantl)/ lower than Avalon airport 6.4 7.6 24.4 29.6 4.0 4.8 26.1 31.7
the annual coo//'ng load Coldstream 9.7 11.3 28.1 34.1 6.0 7.2 30.6 37.0
reduction (2.9-4.2 kWh/m?). Essendon 8.7 9.9 221 270 57 6.5 239 290
Frankston
beach 5.5 7.0 180 220 29 3.7 19.8 242
Melbourne 8.0 9.0 242 295 53 6.0 260 315
airport
Moorabbin 7.5 9.1 202 246 438 5.9 218 265
airport
Olympic park 9.1 10.8 18.3 223 5.4 6.6 20.1 24.4

Table 4. Annual cooling load saving, heating load penalty, and total cooling and heating saving for reference
scenario versus reference with cool roof scenario (scenario 1) for a new stand-alone house using annual
measured weather data for COP=1 for heating and cooling.

. Stations Annual Annual Annual total
The.annual COO/’ng load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 33.4-46.7 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Avalon airport 24 376 29 374 18 20 06 21 08 22
The annual total cooling valon airpor
and heatl'ng load saving by Coldstream 3.6 37.6 4.1 36.0 2.5 29 1.1 3.0 1.2 2.7
building-scale application Essendon 30 344 33 339 17 20 13 41 14 37
of cool roofs ranges Frankston
26 470 33 467 19 22 07 31 11 37
between 0.8-2.1 kWh/m? beach
~ _ 0,
(~2.2-6.5 %). Melbourne 57 345 30 334 18 20 10 30 10 26
airport
Moorabbin ;354 35 355 16 19 11 39 13 40
airport
Olympic park 3.6 40.0 4.2 39.1 1.8 2.1 1.8 6.6 2.1 6.5




¢ Reference scenario, scenario 1, and scenario

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
Melbourne (i.e. Frankston beach and Coldstream)
using weather data simulated by WRF.
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INDOOR Al
AMBIENT T
FLOATING

R TEMPERATURE AND
EMPERATURE FOR FREE-
CONDITION DURING A

TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
13.3-32.8 °C in reference
scenario to a range 11.4-
31.6 °Cin scenario 2 in
Frankston beach station.
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Figure 4. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new stand-alone house under free floating conditions during a typical summer week in

For scenario 2, the ambient
temperature is predicted to
decrease from 12.3-36.8°C
in reference scenario to
11.3-35.2°C in Coldstream
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.4-2.0 °C compared to
the reference scenario in
Coldstream station.

Frankston beach station using weather data simulated by WRF.
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Figure 5. Indoor air temperature and ambient temperature for three scenarios including reference scenario,
reference with cool roof scenario (scenario 1), and cool roof with modified urban temperature scenario
(scenario 2) for a new stand-alone house under free floating conditions during a typical summer week in

Coldstream station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 19.1-32.6 °C and
18.6-35.4 °C in Frankston
beach and Coldstream
stations, respectively.

Indoor Air Temperature (°C)

Reference scenario vs scenario 1

Reference scenario vs scenario 2
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Figure 6. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new stand-alone house under free-floating conditions during a typical summer week in Frankston

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 2.3°Cand 2.8 °C
in Frankston beach and
Coldstream stations,
respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 3.3 °C and
3.7°Cin Frankston beach
and Coldstream stations,
respectively.

beach station using weather data simulated by WRF.

Reference scenario vs scenario 1
— Reference scenario vs scenario 2
o
=
o
uJ -
o
E
@
=
< 27
o)
Q
o
=
0 T T ’ T ! T ’ T y T Y
8 Feb 9 Feb 10 Feb 11 Feb 12 Feb 13 Feb 14 Feb

Date

Figure 7. Indoor temperature difference between reference scenario versus reference with cool roof scenario
(scenario 1) and reference scenario versus cool roof with modified urban temperature scenario (scenario
2) for a new stand-alone house under free-floating conditions during a typical summer week in Coldstream
station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

for weather stations presenting the lowest and

highest ambient temperatures in Melbourne (i.e.
Frankston beach and Coldstream) using annual

measured weather data.

TYPICAL COLD PERIOD UNDER TWO
SCENARIOS?

During a typical winter
week, the indoor air
temperature is expected

11.6-19.4 °C in reference

18.5°Cin scenario 1 in
Frankston beach station.

to decrease from a range

scenario to a range 11.5-
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Figure 8. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new existing stand-alone house under free-floating
condition during a winter week in Frankston beach station using annual measured weather data.

is predicted to reduce
from a range 9.8-20.0

°C in reference scenario
to a range 9.6-18.7 °C in
scenario 1 in Coldstream
station.
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Figure 9. Indoor air temperature and ambient temperature for two scenarios including reference scenario and
reference with cool roof scenario (scenario 1) for a new existing stand-alone house under free-floating
condition during a winter week in Coldstream station using annual measured weather data.



For Scenario 1, the average
maximum indoor air
temperature reduction by
building-scale application
of cool roofs is predicted
to be just 0.7 and 0.8

°C in Frankston beach

and Coldstream stations,
respectively.

1.5

Indoor temp reduction-Reference scenario vs scenario 1 ("C)

Indoor temp-Reference scenario (°C)

Figure 10. Indoor air temperature difference between reference scenario versus reference with cool roof scenario

Temperature decrease
mainly happens during the
non-heating period when
indoor temperature is
higher than the threshold.

(scenario 1) for a new stand-alone house under free-floating conditions during a typical winter month in
Frankston beach station using annual measured weather data.
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Figure 11. Indoor air temperature difference between reference scenario versus reference with cool roof scenario

(scenario 1) for a new stand-alone house under free-floating conditions during a typical winter month in
Coldstream station using annual measured weather data.
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NUMBER OF HOURS WITH INDOOR AIR
e e TEMPERATURE BELOW 19°C DURING

temperatures in Mg\bourne (i.e. Frankston beach A TY P | CA L CO |_ D P E R | O D A N D A B O\/ E
G AT 96°C DURING A TYPICAL WARM PERIODE

Table 5. Number of hours with indoor air temperature below 19 °C in free-floating mode during a typical winter
month using annual measured weather data.

Stations Reference Scenario 1

During a typiCCl/ winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor

air temperature (<19 °C) is Frankston 704 728

predicted to increase from

704 hours in reference Coldstream [ 720

scenario to 728hours; and
from 702 to 720 hours in
scenario 1 in Frankston
beach and Coldstream
stations, respectively.

Table 6. Number of hours with indoor air temperature above 26 °C in free-floating mode during a typical summer
month using weather data simulated by WRF.

. . Stations Reference Scenario 1 Scenario 2
Dur/ng a typ/cal summer scenario Reference with Cool roof with
month, the total number cool roof scenario modified urban
of hours with an indoor T e

. . scenario
air temperature (>26 °C) is
predicted to significantly Frankston - 107 o
decrease from 171 hours beach
in reference scenario to Coldstream 230 161 129
107 and 64 hours under

scenario 1 and 2 in
Frankston beach station;
and from 230 hours

in reference scenario

to 1671 and 129 hours
under scenario 1 and 2
in Coldstream station,
respectively.

10



ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s roof
insulation, the ‘Do Nothing’
approach has a higher cost
over the building’s life cycle
compared to the coating
cool roof option.

Table 7.

Building 17 is in that sense
an interesting example

of a new, stand-alone
residential building, with

a single ground floor and
an insulated roof, where
the energy conservation
potential is limited. Still,
the application of a coating
cool technology emerges as
a meaningful investment,
especially for the high
energy prices scenario.

The building and its energy performance

Building 17 is an existing, stand-alone residential building, with a total air-conditioned
area of 242 m? distributed on one level. The 242 m? roof is insulated, resulting
in a very limited energy conservation potential, despite the roof's impact on the
building’s energy balance. The main features of the building's energy performance
both for Frankston Beach and for Coldstream weather conditions, are presented in
Table 7.

Energy performance features of Building 17.

Energy performance features Frankston Beach Coldstream

Energy consumption prior cool roof (MWh) 2,8 4,4
Energy consumption after cool roof (MWh) 2,7 4.3
Energy savings (MWh) 0,1 0,1
Energy savings (%) 3,57 % 2,27 %
Area (m?) 242 242
Roof costs - Metal roof (AU$/m?) 38,0 38,0
Roof costs - Coating (AU$/m?) 22,75 22,75
Life expectancy - Metal roof (years) 28,5 28,5
Life expectancy - Coating (years) 22,5 22,5
HVACs COP 2,5 2,5
Existing roof's renovation costs (AU$/m?) 15,0 15,0

The cool roof refurbishment options

Two possible options are being considered for reducing energy loads by utilizing
cool technologies on the roof:

+ A metal roof with cool characteristics is installed on top of the existing roof
* A cool coating is applied on the existing roof

Both options have the same energy efficiency, resulting in an energy requirements’
reduction of 3,57 % for the Frankston Beach weather conditions and of 2,27 % for
the Coldstream conditions. The metal roof option has higher investment costs, but
also a greater life expectancy, namely of 28,5 vs. 22,5 years, as presented in Table 7.



The coating cool roof
option leads to a moderate
reduction of life cycle costs,
that varies between 1,6 %
for the low energy price
scenario for Frankston

and 16,3 % for the high
energy scenario and for
Coldstream condlitions
(Table 8).

The metal cool roof is,

due to its higher initial
investment cost and the
limited energy savings, not
feasible.

Feasibility analysis results

The feasibility analysis has been carried out by four methods, namely Net Present
Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the
implementation of cool roofs techniques is not a revenue generating investment,
the determining factor is the Life Cycle Cost, in the sense that the solution that
ensures its minimization is the most suitable one. As we are examining a retrofitting,
the Life Cycle Cost of the “Do nothing” scenario does not consider the construction
cost, but only a refurbishment of the existing roof after 15 years.

The analysis has been carried out for two electricity prices scenarios, one for a low
initial price of 150 AU$/MWh and one for a high, of 290 AU$/MWh. The results of
the Life Cycle Cost analysis are presented in Figure 12 for Frankston Beach and
Coldstream weather conditions, respectively.

Life Cycle Costs for Building 17 Melbourne

Coldstreamn High Energy Price
Coldstream Low Energy Price
Frankston Beach High Energy Price

Frankston Beach Low Energy Price

L=

10,000 20,0000 30,000 A0, 000 50,000

m Coating Cool Roof  m Metal Cool Roof  m Do Mothing

Figure 12. Life Cycle Costs for Building 17 for Frankston Beach and Coldstream stations.

Table 8. Reduction of Life Cycle Costs, compared to the ‘Do Nothing' approach.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy = Low Energy High Energy
Price Price Price Price
Metal Cool Roof -40,74 % -20,53 % -26,98 % -12,94 %
Coating Cool Roof 1,59 % 12,51 % 8,74 % 16,32 %
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CONCLUSIONS

+ It is estimated that both building-
scale and combined building-scale and
urban-scale application of cool roof can
significantly reduce the cooling load
of a new standalone house during the
summer season.

+ In the eleven weather stations
in  Melbourne, the building-scale
application of cool roofs can decrease
the two summer months total cooling
load of a new high-rise apartment from
4.6 -7.1 kWh/m? to 2.4-4.1 kWh/m?, As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
2.1-3.0 kWh/m2. This is equivalent to
approximately 37.5-46.9 % total cooling
load reduction in reference with cool
roof scenario (scenario 1) compared to
the reference case scenario (See Table 1
and 2 and Figures 1 and 2).

« In the eleven weather stations in
Melbourne, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 3.2-4.1 kWh/m?2.
This is equivalent to 57.1-69.9 % total
cooling load reduction in cool roof and
modified urban temperature scenario
(scenario 2) compared to the reference
scenario (See Table 1 and 2 and Figures
2 and 3).

« The annual cooling and heating
simulation using annual measured
weather data illustrate that the annual
heating penalty (1.9-2.9 kWh/m?) is lower
than the annual cooling load reduction
(2.9-4.2 kWh/m?). As calculated, the
annual cooling load saving by building-
scale application of cool roofs is around
33.4-46.7 %. The annual total cooling
and heating load saving by building-scale
application of cool roofs ranges between
0.8-2.1 kWh/m? (~2.2-6.5 %) (See Table
3 and 4).

+ During a typical summer week and
under free floating condition, the
indoor air temperature of the reference
scenario ranges between 19.1-32.6 °C
and 18.6-35.4 °C in Frankston beach
and Coldstream stations, respectively.
When cool roofs are applied at a building
scale (scenario 1), the maximum indoor
temperature reduction is estimated to
be 2.3 and 2.8 °C in Frankston beach
and Coldstream stations, respectively.
The indoor air temperature reduction is
foreseen to increase further to 3.3 and
3.7 °C by combined building-scale and
urban-scale application of cool roofs
(scenario 2) in Frankston beach and
Coldstream stations, respectively (See
Figures 4-7).

+ During a typical summer week, the
ambient air temperature is predicted
to decrease from a range between 13.3
and 32.8 °C in reference scenario to a
range between 11.4 and 31.6 °C in cool
roof and modified urban temperature
scenario (scenario 2) in Frankston beach
station. The ambient temperature
reduction in cool roof and modified
urban temperature scenario (scenario
2) compared to the reference scenario
is approximately 0.9-2.5 °C. Similarly,
the ambient temperature is predicted to
decrease from 12.3-36.8 °C in reference
scenario to 11.3-35.2 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Coldstream station.
The estimated ambient temperature
reduction is 0.4-2.0 °C in Coldstream
station (See Figure 4 and Figure 6).

+ During a typical winter week and under
free floating condition, the indoor air
temperature is expected to decrease
from a range between 11.6-19.4 °C in
reference scenario to a range between
11.5-18.5 °C in reference with cool roof
scenario (scenario 1) in Frankston beach
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 9.8-20.0 °C in reference
scenario to a range between 9.6-18.7
°C in reference with cool roof scenario
(scenario 1) in Coldstream station (See
Figures 8 and 9).

+ During a typical winter month and
under free floating condition, the average
maximum indoor air temperature
reduction by building-scale application
of cool roofs is predicted to be just 0.7
°C and 0.8 °C for both Frankston beach
and Coldstream stations, respectively.
Positively, ~ temperature decrease
happens mainly during the non-heating
period when indoor temperature is
higher than the threshold (See Figures
10 and 11).

* During a typical winter month and under
free floating condition, the total number
of hours with an indoor air temperature
below 19 °C is predicted to increase
from 704 hours in reference scenario
to 728 hours in reference with cool roof
scenario (scenario 1) in Frankston beach
station. The estimations for Coldstream
stations also show a slightly increase
in total number of hours below 19 °C
from 702 hours in reference scenario
to 720 hours in reference with cool roof
scenario (scenario 1) (See Table 5).

+ During a typical summer month and
under free-floating condition, use of
cool roofs is predicted to significantly
decrease the number of hours above 26
°C. As computed, the number of hours
above 26 °C is 171 hours under the
reference scenario in Frankston beach
station, which significantly decreases to
107 and 64 hours under the reference
with cool roof scenario (scenario 1)
and cool roof and modified urban
temperature scenario (scenario 2),
respectively.

The simulations in Coldstream station
also illustrate a significant reduction
in number of hours above 26 °C from
230 hours in reference scenario to 161
in reference with cool roof scenario
(scenario 1) and 129 hours in cool
roof and modified urban temperature
scenario (scenario 2), respectively (See
Table 6).

+ As it can be deduced from the feasibility
analysis, given the building’s roof
insulation, the ‘Do Nothing' approach
has a higher cost over the building's
life cycle compared to the coating cool
roof option, which leads to a moderate
reduction of life cycle costs, that varies
between 1,6% for the low energy price
scenario for Frankston and 16,3% for the
high energy scenario and for Coldstream
conditions, as it can be seen in Table 8.
The metal cool roof is, due to its higher
initial investment cost and the limited
energy savings, not feasible. Building 17
is in that sense an interesting example
of a new, stand-alone residential
building, with a single ground floor and
an insulated roof, where the energy
conservation potential is limited. Still, the
application of a coating cool technology
emerges as a meaningful investment,
especially for the high energy prices
scenario.

14



UNSW - SCHOOL OF BUILT ENVIRONMENT Email
High Performance Architecture m.santamouris@unsw.edu.au

Sydney, NSW 2052 Phone Website
Australia +61 (02) 9385 0729 https://www.unsw.edu.au



SCHOOL OF BUILT ENVIRONMENT Email

‘ 'NSW High Performance Architecture m.santamouris@unsw.edu.au

SYDNEY UNSW SYDNEY, NSW 2052 Phone Website

Ern=al i
2 Australia +61 (02) 9385 1000 https://www.unsw.edu.au



	MELBOURNE.pdf
	Volume 5- Melbourne-24-03-2022.pdf
	MELBOURNE
	Volume 5- Melbourne-26-02-2022.pdf
	B01_Melbourne_Brochure
	B02_Melbourne_Brochure
	B03_Melbourne_Brochure
	B04_Melbourne_Brochure
	B05_Melbourne_Brochure
	B06_Melbourne_Brochure
	B07_Melbourne_Brochure
	B08_Melbourne_Brochure
	B09_Melbourne_Brochure
	B10_Melbourne_Brochure
	B11_Melbourne_Brochure
	B12_Melbourne_Brochure
	B13_Melbourne_Brochure
	B14_Melbourne_Brochure
	B15_Melbourne_Brochure
	B16_Melbourne_Brochure
	B17_Melbourne_Brochure
	Report_Front_Covers_Melbourne_V2


	MELBOURNE



