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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
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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.

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.
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SENSIBLE AND TOTAL COOLING LOAD
9 Reference scenario, scenario 1, and scenario 2; FOR TWO SUMMER MONTHS UNDER

estimated for eleven weather stations in Adelaide

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.

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
d the t scenario temperature
can adecrease tne two scenario
summer months total
i ; 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?)
II’ISU/GtI2OI’) from 20.9-28.5 ﬁfie';‘;‘tje 235 24.8 129 14.0 11.0 11.4
kWh/m?to 11.3-17.2 kWh/ irp
m-. Edinburgh 253 26.6 14.4 15.5 12.3 12.7
Kuitpo 19.7 20.9 10.3 11.3 8.1 8.4
Parafield 24.8 26.1 14.0 15.1 12.3 12.8
Roseworthy 27.4 28.5 16.3 17.2 14.5 14.9

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 is scenario (Scenario 1) temperature scenario
S io 2
around 9.6-11.3 kWh/m? (Scenario 2)
which is equiva/ent to 41.5- Sensible cooling  Total cooling Sensible cooling  Total cooling
45.9 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 106 451 108 436 125 531 134 539
irport
. Edinburgh 10.9 43.0 11.0 41.5 13.0 51.4 13.9 52.2
For Scenario 2, the total
Coo/ing /OGO’ SGVing is Kuitpo 9.4 47.7 9.6 45.9 11.6 58.9 12.5 59.8
around 12.5-13.9 kWh/m? Parafield 108 437 110 422 125 505 133  51.1
which is equivalent to 47.7- Roseworthy 111 405 113 396 129 474 136  47.7

59.8 % of total cooling load
reduction.




In the eleven weather
stations in Adelaide, it

is estimated that both
building-scale and
combined building-
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.

Total Cooling

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.

Total 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 low-rise office building without insulation with weather data
simulated by WRF for COP=1 for heating and cooling.

Total Cooling
KAV 2

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.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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
using annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
. 2 21 2! 2
that the annual heat/ng (kWh/m?) (kWh/m?2) (kWh/m2) (kWh/m?)
penalty (7.4—3.6 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total
is significantly lower than ﬁﬁ‘;‘g‘fe 201 313 34 62 169 187 41 76
the annual cooling load :
I’edUCtIOI’I (7 7.0_7 7-5 kwh/ Edlnburgh 40.3 42.2 4.3 7.9 23.7 25.2 5.0 9.4
mz), Kuitpo 22.6 233 5.9 11.4 11.8 124 7.5 14.9
Parafield 44.8 47.4 3.9 7.2 26.1 28.2 4.6 8.6
Roseworthy 42.9 44.5 5.2 9.4 25.7 27.0 5.9 10.9
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 low-rise office building without roof insulation
using annual measured weather data for COP=1 for heating and cooling.
h / ling | Stations Annual Annual Annual total
The annual cooling load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 40.2-46.9 0/0. Sensible Total Sens. Total Sensible Total
':nv:lh/ kWh/m? % kWh/m? kWh/m? % kWh/m? %
Th | total cooli Adelaide 123 421 126 403 07 14 116 356 112 300
e annual total coo ing Airport : : : : : : : : : :

and heating load saving by
building-scale application
of cool roofs ranges
between 7.4-17.7 kWh/m? Parafield 187 41.7 192 405 0.7 1.4 180 369 17.7 325

'~ 0
(213'325 /7) Roseworthy 17.2 401 175 393 0.6 1.5 16.6 344 16.0 29.7

Edinburgh 166 412 170 402 0.7 1.5 159 357 155 309

Kuitpo 108 478 11.0 469 1.6 3.6 9.2 322 74 21.3




¢ Reference scenario, scenario 1, and scenario
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
FLOATING CONDITION DURING A

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
(i.e. Kuitpo and Roseworthy) using weather data

simulated by WRF.

TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

70
I—Indoar air temp-Reference scenasio
65
I Inesoer air temp-Seenasio 1
60 Y| —— soorar tamp-Seenatio 2
55 Amblent temp-Reference scenario & scenario 1
50 _- Amnbient temp-Scenana 2

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 Kuitpo station using weather data simulated by WRF.

temperature is predicted

station.

For scenario 2, the ambient

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy

75
70 ] Indoor @ tempRetersnce scenaria
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55+
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For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 Roseworthy station using weather data simulated by WRF.
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During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.1-47.5 °C and
20.3-49.8 °C in Kuitpo
and Roseworthy stations,
respectively.

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 low-rise office building without insulation under free-floating conditions during a typical summer
week in Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 8.4°Cand 7.6 °Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 10.0 °C
and 8.4 °C in Kuitpo and
Roseworthy stations,
respectively.

Indoor Air Temperature (°C)
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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 Roseworthy station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Adelaide (i.e.
Kuitpo and Roseworthy) 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 30~ Indoor air temp-Reference scenario|
week, the indoor air — Indoor air temp-Scenario 1
temperature is expected 25 Ambient temp.

to decrease slightly
from a range 9.6-22.0
°C in reference scenario
toarange 9.1-19.5°C
in scenario 1 in Kuitpo

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 low-rise office building without insulation under free-
floating condition during a typical winter week in Kuitpo station using annual measured weather data.
The indoor air temperature 30 Indoor air temp-Reference scenario
is predicted to reduce Indoor air temp-Scenario 1
from a range 9.2-23.5 25 | Ambient temp.

°C in reference scenario
toarange 8.7-21.6 °C in
scenario 1 in Roseworthy
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 low-rise office building without insulation under free-
floating condition during a typical winter week in Roseworthy 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 3.2°Cand 3.1 °C
in Kuitpo and Roseworthy
stations, respectively.

[ #%]
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Indoor temp reduction-Reference scenario vs scenario 1 (°C)
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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 Kuitpo 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 low-rise office building without insulation under free-floating conditions during a typical
winter month in Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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 N .
. . perational Total Operational Total
air temperature (<19 °C) is hours* hours*
predicted to increase from ,
Kuitpo 272 635 317 681

635 hours in reference
scenario to 681 and hours Roseworthy 215 574 261 622
and from 574 to 622 hours
in scenario 1 in Kuitpo

and Roseworthy 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 272 hours
in reference scenario to
317 hours; and from 215
to 261 hours in scenario 1
in Kuitpo and Roseworthy
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 MERTEErE LTS

. . scenario
air temperature (>26 °C) is
predicted to significantly Kuitpo 436 326 e

decreased from 436 hours
in reference scenario to Roseworthy 457 367 333
326 and 251 hours under
scenario 1 and 2 in Kuitpo
station; and from 457
hours in reference scenario
to 367 and 333 hours
under scenario 1 and 2

in Roseworthy 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. The higher
initial cost of the metal
cool roof leads to less
attractive results than the
coating cool roof, although
they are still very positive.

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 Kuitpo and for
Roseworthy weather conditions, are presented inTable 7.

Energy performance features of Building 01.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 333 51.7
Energy consumption after cool roof (MWh) 26.2 36.4
Energy savings (MWh) 7.1 15.3
Energy savings (%) 21.32% 29.59%
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 21,32%
for the Kuitpo and of 29,59% for the Roseworthy 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
28,1 and 42,4%, depending
on the weather and energy
price scenarios.

The metal cool roof is
also a feasible option; for
Roseworthy conditions
for all energy prices, for
Kuitpo conditions for the
higher energy prices and
marginally for the lower
ones.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 01 Adelaide

262,306
Roseworthy High Energy Price 349,306
455,140
148 471
Roseworthy Low Energy Price 202 048
240,995
196, /821
Kuitpo High Energy Price 264,380
297,268
uitpo Low Fnes rice s
: e 158,337

0 100,000 200,000 300,000 400,000 500,000

o Coating Cool Roof  mMetal Cool Roof  m Do Nothing

Figure 12. Life Cycle Costs for Building 01 for Kuitpo and Roseworthy weather 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 0.76 % 11.06 % 16.16 % 23.25%
Coating Cool Roof ~ 28.09 % 33.80 % 38.39 % 42.37 %
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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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
the low-rise office building from 20.9-
28.5 kWh/m? to 11.3-17.2 kWh/m2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
9.6-11.3 kWh/m?2. This is equivalent to
approximately 41.5-45.9 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 12.5-13.9 kWh/
m?. This is equivalent to 47.7-59.8 % 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 (1.4-3.6 kWh/m?) is
significantly lower than the annual
cooling load reduction (11.0-17.5 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 40.2-46.9 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 7.4-17.7 kWh/
m? (~21.3-32.5 %) (Tables 3 and 4).

+ During a typical summer week and
under free-floating condition, the indoor
airtemperature of the reference scenario
ranges between 21.1-47.5 °C and 20.3-
49.8 °C in Kuitpo and Roseworthy
stations, respectively. When cool roofs
are applied at a building scale (scenario
1), the maximum indoor temperature
reduction is estimated to be 8.4 and 7.6
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 10.0 and 8.4 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy 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 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °C in cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 9.6-22.0
°C in reference scenario to a range
between 9.1-19.5 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 9.2-23.5 °C in reference
scenario to a range between 8.7-21.6°C
in reference with cool roof scenario
(scenario 1) in Roseworthy 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 3.2
°C and 3.1 °C in Kuitpo and Roseworthy
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 635 hours in reference
scenario to 681 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
station also show a increase in total
number of hours below 19 °C from 574
hours in reference scenario to 622 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 272 hours
in reference scenario to 317 hours
in reference with cool roof scenario
(scenario 1) in Kuitpo station. Similarly,
the calculation in Roseworthy station
shows a slightly increase of number of
hours below 19 °C from 215 hours to
261 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 436 hours under
the reference scenario in Kuitpo station,
which significanlty decreases to 326
and 251 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Roseworthy station
also illustrate a significant reduction
in number of hours above 26 °C from
457 hours in reference scenario to 367
in reference with cool roof scenario
(scenario 1) and 333 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
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 28,1 and 42,4%, depending on
the weather and energy price scenarios,
as it can be seen in Table 8. The metal
cool roof is also a feasible option; for
Roseworthy conditions for all energy
prices, for Kuitpo conditions for the
higher energy prices and marginally
for the lower ones. 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. The higher
initial cost of the metal cool roof leads
to less attractive results than the coating
cool roof, although they are still very
positive.
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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
a R§ference scenario, scenario 1, énd s‘cenario‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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-scale scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
d the t scenario temperature
can adecrease the two scenario
summer months total
; ; Sensible  Total Sensible  Total Sensible  Total
C‘OO/II’)g. 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/nsu/at/;)n from 13.5- ﬁfie';‘;‘tje 15.4 16.6 135 14.6 1.4 11.9
19.9 kWh/m? to 11.8-17.9 Irp
kWh/m?. Edinburgh 17.1 18.2 15.1 16.2 12.7 13.2
Kuitpo 12.4 13.5 10.7 11.8 8.1 8.4
Parafield 16.6 17.8 14.7 15.8 12.8 13.3
Roseworthy 18.9 19.9 16.9 17.9 15.0 15.4

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
S io 2
around 1.7-2.0 kWh/m? B 2
which is equ/'va/ent to 10.3- Sensible cooling  Total cooling Sensible cooling  Total cooling
12.6 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 1.9 123 1.9 118 40 258 47 28.4
irport
. Edinburgh 1.9 11.4 2.0 10.9 4.3 253 5.0 27.7
For Scenario 2, the total :
Cooling /OGO’ SaVing is Kuitpo 1.7 13.5 1.7 12.6 4.3 344 5.0 374
around 4.5-5.0 kWh/m? Parafield 1.9 17 20 112 38 231 45 25.2
which is equivalent to 22.8- Roseworthy 20 106 20 103 40 210 45 228

37.4 % of total cooling load
reduction.




In the eleven weather
stations in Adelaide, it
is estimated that both
building-scale and Total Cooling
combined building-

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

February) for a high-rise office building without insulation with weather data simulated by WRF for COP=1
for heating and cooling.

Total 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.

Total Cooling

s oy v s SN T AR L
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.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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.

h / Ji Stations Reference Scenario 1
The annual coo Ing scenario Reference with
and heating simulation cool roof scenario
using annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
. 2 21 2! 2
that the annual heat/ng (kWh/m?) (kWh/m?2) (kWh/m2) (kWh/m?)
penalty (0_ 0-0.9 kWh/mz) Sensible Total Sensible Total Sensible Total Sensible Total
is significantly lower than ﬁidrz'g‘fe 195 214 11 27 175 193 13 30
the annual cooling load :
reduction (7.8—3.2 kWh/mZ). Edinburgh 27.0 28.6 1.7 3.9 24.2 25.8 1.9 4.3
Kuitpo 13.5 14.1 2.5 6.2 11.7 12.3 3.0 7.1
Parafield 29.7 31.9 1.5 3.5 26.6 28.7 1.7 3.9
Roseworthy 28.6 30.0 0.0 0.0 25.8 27.0 0.0 0.0
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.
h / ling | Stations Annual Annual Annual total
The annual cooling load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 9' 6-72.9 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Adelaide
The annual total Coo/lng Airport 2.0 10.1 2.0 9.6 0.2 0.3 1.8 8.6 1.7 7.1

and heating load saving by
building-scale application
of cool roofs ranges
between 0.9-2.9 Parafield 32 106 32 102 03 04 29 93 28 80

Edinburgh 2.8 103 29 100 0.3 0.4 2.5 8.8 24 7.4

Kuitpo 1.8 133 1.8 129 0.5 0.9 1.3 8.1 0.9 4.6

kWh/m? (~46'97%) Roseworthy 2.9 10.0 29 9.8 0.0 0.0 29 10.0 29 9.7




¢ Reference scenario, scenario 1, and scenario

3

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

2; estimated for weather stations presenting

the lowest and highest ambient temperatures in
(i.e. Kuitpo and Roseworthy) using weather data

simulated by WRF.

TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 high-rise office building without insulation under free floating conditions during a typical
summer week in Kuitpo station using weather data simulated by WRF.

temperature is predicted

station.

For scenario 2, the ambient

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy

70
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For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 high-rise office building without insulation under free floating conditions during a typical
summer week in Roseworthy station using weather data simulated by WRF.
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During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 24.0-42.1 °C and
23.7-44.7 °C in Kuitpo
and Roseworthy stations,
respectively.

Indoor Air Temperature (°C)

Reference scenario vs scenario 1

1 Reference scenario vs scenario 2
g
2
1
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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 a high-rise office building without insulation under free-floating conditions during a typical summer
week in Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 1.6°Cand 1.5°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-
scale), the maximum
indoor temperature
reduction increases up to
3.3 and 2.4 °C in Kuitpo
and Roseworthy stations,
respectively.

Indoor Air Temperature (°C)
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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 Roseworthy station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Adelaide (i.e.
Kuitpo and Roseworthy) 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 12.7
and 21.4 °C in reference
scenario to a range
between 12.6 and 20.9
°C in scenario 1 in Kuitpo
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 Kuitpo station using annual measured weather data.

The indoor air temperature
is predicted to slighly
reduce from a range
between 15.5 and 23.3 °C
in reference scenario to a
range between 12.4 and
23.1°Cin scenario 1 in
Roseworthy 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 high-rise office building without insulation under free-

floating condition during a typical winter week in Roseworthy 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 0.6 °C

in Kuitpo and Roseworthy
stations, respectively.

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

I
10 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 high-rise office building without insulation under free-floating conditions during a typical
winter month in Kuitpo station using annual measured weather data.

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

0.5

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

0.0

Indoor temp-Reference scenaric (°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 Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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 . .

i Operational Total Operational Total
air temperature (<19 °C) hours* hours* ota
is predicted to slightly ,

Kuitpo 221 551 234 569

increase from 551 hours in
reference scenario to 569 Roseworthy 156 460 165 473
and hours and from 460
to 473 hours in scenario 1
in Kuitpo and Roseworthy
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
221 hours in reference
scenario to 234 hours; and
from 156 to 165 hours

in scenario 1 in Kuitpo

and Roseworthy 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 MERTEErE LTS

. scenario
air temperature (>26 °C)
is predicted to slightly Kuitpo B aE 462

decrease from 510 hours
in reference scenario to Roseworthy 542 521 477
485 and 462 hours under
scenario 1 and 2, in Kuitpo
station, respectively; and
from 542 to 521 and 477
in Roseworthy station
under scenario 1 and 2,
respectively.
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

The ‘Do Nothing’ approach
has the highest cost over

the building’s life cycle, for
almost all cases examined.

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 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 Kuitpo and for Roseworthy
weather conditions, are presented in Table 7.

Energy performance features of Building 02.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 97.4 144.0
Energy consumption after cool roof (MWh) 93.1 129.6
Energy savings (MWh) 4.3 14.4
Energy savings (%) 4.41% 10.00%
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 metal cool roof is

due to its higher initial
investment cost less
attractive than the coating
cool roof: it is not feasible
for Kuitpo and low energy
prices, and it is feasible
for Roseworthy and both
energy prices scenarios.

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 4,41%
for the Kuitpo weather conditions and of 10,00% for the Roseworthy 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
23,2 and 30,1%, depending
on the weather and energy
price scenarios.

The impact of the roof is
not as big as in low-rise
buildings, since it affects
only to a limited extent

the building’s energy
requirement, hence the
impact of the initial cost of
the refurbishment is bigger
compared to the low-rise
buildings. Still, cool roofs
are feasible, the coating
option being clearly the
more attractive solution.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 02 Adelaide

871,701
Roseworthy High Energy Price 1,135,970
L247076
A63. 675
Rosewarthy Low Energy Price BS54 3
650,617
634 515
Kultpo High Energy Price 29,360
Ba7.247

340,093
Kuitpo Low Energy Price 450,352
443,809

1] 200,000 400,000 600,000 800,000 1,000,000 1,200,000 1,400,000

m Coating Cool Roof  m Metal Cool Roof = Do Nothing

Figure 12. Life Cycle Costs for Building 02 for Kuitpo and Roseworthy weather 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 -1.47 % 211 % 6.41 % 8.91 %
Coating Cool Roof  23.17 % 2511 % 28.73 % 30.10 %
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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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
the low-rise office building from 13.5-
19.9 kWh/m? to 11.8-17.9 kWh/m?2. As
computed, the total cooling load saving
by building-scale application of cool
roofs is around 1.7-2.0 kWh/m? for a
typical high rise office building without
roof insulation. This is equal to 0.3-12.6
% 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
Adelaide, 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 4.5-5.0 kWh/m?2. This is
equivalent to roughly 22.8-37.4 % 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 (0.0-0.9 kWh/m?) is
significantly lower than the annual
cooling load reduction (1.8-3.2 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 9.6-12.9 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 0.9-2.9 kWh/

m? (~4.6-9.7 %) (See Table 3 and 4).

+ During a typical summer week and
under free-floating condition, the indoor
airtemperature of the reference scenario
ranges between 24.0-42.1 °C and 23.7-
447 °C in Kuitpo and Roseworthy
stations, respectively. When cool roofs
are applied at a building scale (scenario
1), the maximum indoor temperature
reduction is estimated to be 1.6 and 1.5
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 3.3 and 2.4 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy 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 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 12.7 and
21.4 °C in reference scenario to a range
between 12.6 and 20.9 °C in reference
with cool roof scenario (scenario 1) in
Kuitpo station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 15.5 and 23.3 °C in reference
scenario to a range between 12.4 and
23.1 °C in reference with cool roof
scenario (scenario 1) in Roseworthy
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
and 0.6 °C in Kuitpo and Roseworthy
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 551 hours in reference
scenario to 569 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight increase
in total number of hours below 19 °C
from 460 hours in reference scenario
to 473 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 221
hours in reference scenario to 234 hours
in reference with cool roof scenario
(scenario 1) in Kuitpo station. Similarly,
the calculation in Roseworthy station
shows a slight increase of number of
hours below 19 °C from 156 hours to 165
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 slightly
decrease the number of hours above
26 °C. As computed, the number of
hours above 26 °C is 510 hours under
the reference scenario in Kuitpo station,
which decreases to 548 under Scenario
1 and 462 under the modified urban
temperature scenario (scenario 2). The
simulations in Roseworthy station show
that the number of hours above 26 °C
(542 hours) decreases to 521 under
Scenario 1 and 477 under Scenario 2
(See Table 6).

* As it can be deduced from the feasibility
analysis, the ‘Do Nothing’ approach has
the highest cost over the building's life
cycle, for almost all cases examined.
The coating cool roof option is the most
feasible one, resulting in significant
reductions of life cycle costs, that vary
between 23,2 and 30,1%, 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 less attractive than
the coating cool roof: it is not feasible
for Kuitpo and low energy prices, and
it is feasible for Roseworthy and both
energy prices scenarios. 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 roof is not as big
as in low-rise buildings, since it affects
only to a limited extent the building’s
energy requirement, hence the impact
of the initial cost of the refurbishment
is bigger compared to the low-rise
buildings. Still, cool roofs are feasible,
the coating option being clearly the
more attractive 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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SENSIBLE AND TOTAL COOLING LOAD
9 Reference scenario, scenario 1, and scenario 2; FOR TWO SUMMER MONTHS UNDER

estimated for eleven weather stations in Adelaide

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

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.

g Stations Reference Scenario 1 Scenario 2
The bU//d/ng-scale scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
d the t scenario temperature
can aecrease tne two scenario
summer months total
i Sensible  Total Sensible  Total Sensible  Total
COO/H?g /00‘?' Of th_e I?CW . cooling cooling cooling cooling cooling cooling
low-rise office building with (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
roof/nsu/at/;)n from 12.8- paelaide 14.5 15.8 135 147 1.4 1.9
19.3 kWh/m? to 11.9-18.1 Irpor
kWh/m?2. Edinburgh 16.2 17.4 15.2 16.4 12.8 13.3
Kuitpo 11.6 12.8 10.8 11.9 8.2 8.5
Parafield 15.8 17.0 14.7 15.9 12.8 13.3
Roseworthy 18.3 19.3 17.1 18.1 15.1 15.5

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.

. 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 0.9-1.3 kWh/m? B 2
which is equ/'va/ent to 6.1- Sensible cooling  Total cooling Sensible cooling  Total cooling
6.9 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 1.0 6.8 1.0 6.6 3.1 213 39 24.7
irport
. Edinburgh 1.0 6.4 1.1 6.1 34 21.0 4.2 23.9
For Scenario 2, the total :
Coo/ing /OGO’ SaVing is Kuitpo 0.8 7.3 0.9 6.9 35 29.8 4.3 335
around 3.6-4.3 kWh/m? Parafield 1.0 6.6 1.1 6.3 2.9 186 3.6 213
which is equivalent to 19.6- Roseworthy 12 68 13 65 32 174 38 196
33.5 % of total cooling load
reduction.




In the eleven weather
stations in Adelaide, Total Cooling
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. _
A e
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.
The building-scale

application of cool roofs
has a lower but still
noticeable impact on the

cooling load reduction e e
of the new low-rise R
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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. 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.

- s o S b = !
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 office building with roof insulation
with weather data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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.

h / Ji Stations Reference Scenario 1

The annual coo Ing scenario Reference with

and heating simulation cool roof scenario

using annual measured Annual Annual Annual Annual

weather data shows an cooling load heating load cooling load heating load

. 2 21 2! 2

annual heat/ngpenalty (kWh/m?) (kWh/m?2) (kWh/m2) (kWh/m?)

(0_ 0-0.3 kWh/mZ) that is Sensible Total Sensible Total Sensible Total Sensible Total

significantly lower than ﬁﬁz'g‘fe 188 208 12 27 177 196 13 29

the annual cooling load :

reduction (7_0_2.7 kWh/mZ). Edinburgh 26.2 27.8 1.8 4.0 24.2 25.8 1.9 4.2
Kuitpo 13.0 13.7 24 5.8 121 12.8 2.6 6.1
Parafield 28.7 30.9 1.6 3.7 26.9 29.2 1.7 3.8
Roseworthy 28.2 29.6 0.0 0.0 26.4 27.8 0.0 0.0

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.
h / ling | Stations Annual Annual Annual total

The annual cooling load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 55-7.5 %. Sensible Total Sens. Total Sensible Total

kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Adelaide
The annual total Coo/lng Airport 1.1 5.9 1.1 5.5 0.1 0.1 1.0 5.2 1.0 4.4

and heating load saving by
building-scale application
of cool roofs ranges
between 0.6-1.9 Parafield 17 60 18 57 01 02 16 54 16 47

kWh/m? (~32'62 %) Roseworthy 1.8 6.3 1.8 6.2 0.0 0.0 1.8 6.3 1.8 6.2

Edinburgh 1.9 7.4 2.1 7.5 0.1 0.2 1.8 6.6 1.9 6.0

Kuitpo 0.9 7.2 1.0 7.0 0.1 0.3 0.8 5.1 0.6 3.2




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures in
(i.e. Kuitpo and Roseworthy) 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo station.

70

55 A" 1naoer air teme-Reference scenaric
417 Indoor air temp-Scenanc 1

SU- —_ Indoor air tamp-Scenario 2

55 =7 Ambient temp-Reference scenario & scenario 1

50 |7 ambient temp-Scenario 2

10 J T Y T Y T y T y T

X
g{.ep ,\qu" '\qup '3-?3 \ﬁ{.é‘-"

Data

«'*{'60

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 office building with roof insulation under free floating conditions during a

For scenario 2, the ambient
temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy station.

typical summer week in Kuitpo 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 Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 23.5-42.8 °C and
23.0-45.8 °C in Kuitpo
and Roseworthy 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 Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 1.0°Cand 1.0°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-
scale), the maximum
indoor temperature
reduction increases up to
3.0 and 2.1 °C in Kuitpo
and Roseworthy 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 Roseworthy station using weather data simulated by WRF.
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
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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
free-floating condition during a typical winter week in Kuitpo station using annual measured weather data.
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is predicted to reduce { |~ Indoor air temp-Scenario 1
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and 24.4 °C in reference
scenario to a range
between 12.4 and 23.1 °C
in scenario 1 in Roseworthy
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 office building with roof insulation under
free-floating condition during a typical winter week in Roseworthy 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 and 2.2 °C

in Kuitpo and Roseworthy
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 new low-rise office building with roof insulation under free-floating conditions during a
typical winter month in Kuitpo 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 Roseworthy station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient
temperatures in Adelaide (i.e. Kuitpo and

5

NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING

emperatures n Adgiide e Kipoand A TYPICAL COLD PERIOD AND ABOVE
TR 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 525 hours in
reference scenario to 541
hours, and from 437 to
472 hours in scenario 1
in Kuitpo and Roseworthy
stations, respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
195 hours in reference
scenario to 205 hours; and
from 135 to 165 hours

in scenario 1 in Kuitpo

and Roseworthy stations,
respectively.

Table 6.

During a typical summer
month, the total number
of hours with an indoor
air temperature (>26 °C)
is predicted to slightly
decrease from 494 hours
in reference scenario

to 471 and 338 hours
under scenario 1 and 2,
in Kuitpo station; and
from 510 to 493 and 456
under scenario 1 and 2
in Roseworthy station,
respectively.

Stations Reference Scenario 1
scenario Reference with
cool roof scenario
Operational Operational
hours* Total hours* Total
Kuitpo 195 525 205 541
Roseworthy 135 437 165 472

* 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.

Stations Reference Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban
temperature
scenario
Kuitpo 494 388
Roseworthy 510 456

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 compared to the
coating cool roof option.

7

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 m2 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 Kuitpo and for Roseworthy
weather conditions, are presented in Table 7.

Table 7. Energy performance features of Building 03.

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, due its
comparatively low initial
investment cost and to

the reasonable savings it
achieves.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 18.7 28.4
Energy consumption after cool roof (MWh) 18.1 26.7
Energy savings (MWh) 0.60 1.7
Energy savings (%) 3.21% 5.99%
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 3,21%
for the Kuitpo weather conditions and of 5,56% for the Roseworthy 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 7.3% for the
low energy price scenario
for Kuitpo and 21,3% for
the high energy scenario
for Roseworthy 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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 03 Adelaide

2000, 809
255,226
Roseworthy Low Energy Price ﬂ 160,697
137,501

144 744
Kulktpo High Energy Price 196,938
172,000
B[ bbd
Kuitpo Low Energy Price 123,237
43
0 50,000 100, 000 150,000 A0, 0 250,000 300,000

® Coating, Cool Roof  m Metal Cool Roolf  m Do Nathing

Figure 12. Life Cycle Costs for Building 03 for Kuitpo and Roseworthy weather stations.

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

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

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof -30.35% -14.50 % -16.79 % -5.54 %
Coating Cool Roof  7.28 % 15.85 % 15.21 % 21.32%
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CONCLUSIONS

* In the eleven weather stations in
Adelaide, 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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
the low-rise office building from 12.8-
19.3 kWh/m? to 11.9-18.1 kWh/m?2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.9-1.3 kWh/m?. This is equivalent to
approximately 6.1-6.9 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 3.6-4.3 kWh/
m?. This is equivalent to 9.6-33.5 % 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 0.0-0.3 kWh/m?) is
significantly lower than the annual
cooling load reduction (1.0-2.1 kWh/m2).
As calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 5.5-7.5 %.

The annual total cooling and heating
load saving by building-scale application
of cool roofs ranges between 0.6-1.9
kWh/m? (~3.2-6.2 %) (Tables 3 and 4).

+ During a typical summer week and
under free-floating condition, the indoor
airtemperature of the reference scenario
ranges between 29.2-46.4 °C and 29.3-
41.8 °C in Kuitpo and Roseworthy
stations, respectively. When cool roofs
are applied at a building scale (scenario
1), the maximum indoor temperature
reduction is estimated to be 1.0 and 1.0
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 3.0 and 2.1 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy 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 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 12.5 and
22.8 °C in reference scenario to a range




between 12.4 and 22.4 °C in reference
with cool roof scenario (scenario 1) in
Kuitpo station (See Figure 8). Similarly,
the indoor air temperature is predicted
toreduce from arange between 12.0 and
24.4 °Cin reference scenario to a range
between 12.4 and 23.1 °C in reference
with cool roof scenario (scenario 1) in
Roseworthy 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 0.6
and 2.2 °C in Kuitpo and Roseworthy
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 525 hours
in reference scenario to 541 hours
in reference with cool roof scenario
(scenario 1) in Kuitpo station. The
estimations for Roseworthy station also
show a increase in total number of hours
below 19 °C from 437 hours in reference
scenario to 472 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 195 hours in reference scenario
to 205 hours in reference with cool roof
scenario (scenario 1) in Kuitpo station.

Similarly, the calculation in Roseworthy
station shows a slightly increase of
number of hours below 19 °C from
135 hours to 165 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 494 hours under
the reference scenario in Kuitpo
station, which decreases to 471 and
338 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively. The
simulations in Roseworthy station also
shows that the number of hours above
26 °C decreases from 510 to 493 and 456
under Scenario 1 and 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, which leads to a reduction of life
cycle costs, that varies between 7.3% for
the low energy price scenario for Kuitpo
and 21,3% for the high energy scenario
for Roseworthy 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, due
its comparatively low initial investment
cost and to the reasonable savings it
achieves.
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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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SENSIBLE AND TOTAL COOLING LOAD
9 Reference scenario, scenario 1, and scenario 2; FOR TWO SUMMER MONTHS UNDER

estimated for eleven weather stations in Adelaide

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

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.

e Stations Reference Scenario 1 Scenario 2
The bU//d/ng-scale scenario Reference with Cool roof with
app//cat/on of cool roofs cool roof modified urban
d the t scenario temperature
can adecrease the two scenario
summer months total
; Sensible  Total Sensible  Total Sensible  Total
CO_O/’”g /OCIO'.Of th? n_eW cooling cooling cooling cooling cooling cooling
high-rise office building (kWh/m?)  (kWh/m?) (kKWh/m?) (KWh/m?) (kWh/m?) (kWh/m?)
with roof/nsu/atlgn from ﬁfie';‘;‘tje 13.9 15.1 13.7 14.9 11.6 121
12.2-18.4 kWh/m? to 12.0- Irp
18.2 kWh/m?-. Edinburgh 15.6 16.7 15.4 16.5 13.0 13.4
Kuitpo 11.1 12.2 10.9 12.0 8.2 8.6
Parafield 15.1 16.3 14.9 16.1 13.0 13.5
Roseworthy 17.4 18.4 17.2 18.2 15.2 15.6

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 is scenario (Scenario 1) temperature scenario
. S io 2
around 0.2 kWh/m? which B 2
is equiva/ent to 1.2-1.3 Sensible cooling  Total cooling Sensible cooling  Total cooling
% total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. i
ﬁ.de'a'de 0.2 13 0.2 12 23 165 3.0 20.1
irport
. Edinburgh 0.2 1.1 0.2 1.2 2.6 16.8 3.3 19.8
For Scenario 2, the total :
Cooling /OGO’ SaVing is Kuitpo 0.2 1.4 0.2 1.3 2.8 25.6 3.6 29.7
around 2.8-3.6 kWh/m? Parafield 0.2 13 0.2 12 2.1 141 28 16.9
which is equivalent to 15.1- Roseworthy 02 13 02 12 22 127 28 151
29.7 % of total cooling load
reduction.




In the eleven weather
stations in Adelaide,

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.

Total Cooling

L PR )

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 office building with insulation 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. 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.

Total 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.
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et 0 UNDER TWO SCENARIOS?

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 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

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

(0_0_0.7 kWh/mZ) is nera/y Sensible Total Sensible Total Sensible Total Sensible Total

the same that the annual Qﬁ‘;‘g;ﬂe 181 199 07 20 179 197 07 20

cooling load reduction (0.2-

0.3 kWh/mZ) Edinburgh 24.9 26.5 1.2 3.1 24.7 26.2 1.2 3.1
Kuitpo 12.0 12.7 1.8 4.9 11.9 12.6 1.8 5.0
Parafield 27.3 29.4 1.1 2.8 27.0 29.1 1.1 2.8
Roseworthy 26.5 27.8 0.0 0.0 26.2 27.5 0.0 0.0

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_ 7.3 %. Sensible Total Sens. Total Sensible Total
KWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Adelaide 5 5 5 5
The annual total Coo/lng Airport 0. 1.0 0. 1.0 0.0 0.0 0. 1.0 0. 0.8

and heating load saving by
building-scale application
of cool roofs ranges
between 0.1 and 0.3 Parafield 0.3 1.0 03 1.0 00 00 03 09 03 08

kWh/m? (~0 6-1.1 %) Roseworthy 0.3 1.1 0.3 1.1 0.0 0.0 0.3 1.1 0.3 1.1

Edinburgh 0.3 1.0 0.3 1.0 0.0 0.0 0.2 0.9 0.2 0.8

Kuitpo 0.2 1.3 0.2 1.3 0.0 0.1 0.1 0.9 0.1 0.6




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures in
(i.e. Kuitpo and Roseworthy) 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.
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For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 office building with insulation under free floating conditions during a typical
summer week in Kuitpo station using weather data simulated by WRF.

temperature is predicted

station.

For scenario 2, the ambient

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
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For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 office building with insulation under free floating conditions during a typical
summer week in Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 24.5-41.4 °C and
24.3-44.2 °C in Kuitpo
and Roseworthy stations,
respectively.

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 Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 0.2°Cand 0.2°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-
scale), the maximum
indoor temperature
reduction increases up to
2.5 and 1.5 °C in Kuitpo
and Roseworthy 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 Roseworthy station using weather data simulated by WRF.
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-

d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Adelaide (i.e.
Kuitpo and Roseworthy) using annual measured
weather data.

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
Kuitpo and Roseworthy
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 Kuitpo 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 Roseworthy 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 in Kuitpo
and Roseworthy stations.
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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 Kuitpo 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 high-rise office building without insulation under free-floating conditions during a typical
winter month in Roseworthy station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient
temperatures in Adelaide (i.e. Kuitpo and

5

NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING

emperatures n Adgiide e Kipoand A TYPICAL COLD PERIOD AND ABOVE
TR 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 505 hours
to 510 hours in reference
scenario in Kuitpo station
while remains almost
the same (416-417) for
Roseworthy station.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
199 to 202 hours in Kuitpo
stations and remain
almost the same (136-137)
for reference scenario and
scenario 1 in Roseworthy
station.

Stations Reference Scenario 1
scenario Reference with
cool roof scenario
Operational Operational
hours* Total hours* Total
Kuitpo 199 505 202 510
Roseworthy 136 416 137 417

* 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

During a typical summer
month, the total number
of hours with an indoor
air temperature (>26 °C)
is predicted to slightly
decreased from 529
hours to 523 and 436

for scanerio 1 and 2 in
Kuitpo station, and from
560 hours to 556 and 511
hours for Scenario 1 and 2
in Roseworthy station.

month using weather data simulated by WRF.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban
temperature
scenario
Kuitpo 529 523 436
Roseworthy 560 556 511

10



ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s

roof insulation, the ‘Do
Nothing’ approach has a
significantly higher cost

over the building’s life cycle

compared to the coating
cool roof option.

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 Swanbourne and for Pearce weather
conditions, are presented in Table 7.

Energy performance features of Building 04.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 84.5 1334
Energy consumption after cool roof (MWh) 84.5 132.0
Energy savings (MWh) 0.00 1.4
Energy savings (%) 0.00% 1.05%
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 no energy savings for the
Kuitpo and in very modest 1,05% for the Roseworthy weather 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 19,2%

for Kuitpo and 23,1% for
Roseworthy 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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 04 Adelaide

HHY 221
1,156,128
472 737
Roseworthy Low Cnergy Price 620,366
603,575
578,900
Kuitpo High Energy Price 757,388
736,565
12,226
Kuitpo Low Energy Price 413,125
386,559

0 200,000 400,000 600,000 800,000 1,000,0001,200,000 1,400,000
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Figure 12. Life Cycle Costs for Building 04 for Kuitpo and Roseworthy weather stations.

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

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

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof -6.87 % -2.83% -2.78% -0.17 %
Coating Cool Roof  19.23 % 21.41 % 21.68 % 23.09 %
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CONCLUSIONS

* In the eleven weather stations in
Adelaide, 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 12.2-18.4 kWh/m? to
12.0-18.2 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 0.2 kWh/m? (~1.2-1.3 %)
(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 2.8-3.6 kWh/m?
(~15.1-29.7 %) 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
neraly the same that the annual cooling
load reduction (0.2-0.3 kWh/m?). As
calculated, the annual cooling load
saving by building-scale application
of cool roofs is around 1.0-1.3%. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 0.1 and 0.3
kWh/m? (~0.6-1.1 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 24.5-41.4 °C and 24.3-
442 °C in Kuitpo and Roseworthy
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 and
0.2 °Ciin Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.5 and 1.5 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 Kuitpo and Roseworthy
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 0.2 °C in Kuitpo
and Roseworthy 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 505 hours
in reference scenario to 510 hours
in reference with cool roof scenario
(scenario 1) in Kuitpo station. The
estimations for Roseworthy stations
show that the total number of hours
below 19 °C remain almost the same
(416-417) 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 slightly increase
from 199 to 202 hours in Kuitpo stations
and remain almost the same (136-137)
for reference scenario and scenario 1 in
Roseworthy station. (See Table 5).

* During a typical summer month, the
total number of hours with an indoor
air temperature (>26 °C) is predicted
to slightly decreased from 529 hours
to 523 and 436 for scanerio 1 and 2 in
Kuitpo station, and from 560 hours to
556 and 511 hours for Scenario 1 and 2
in Roseworthy station. (See Table 6).

* As it can be deduced from the feasibility
analysis, given the building's roof
insulation, the ‘Do Nothing' approach
has a significantly 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 19,2% for Kuitpo and 23,1%
for Roseworthy 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
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

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 adecrease the two scenario
summer months total
; Sensible  Total Sensible  Total Sensible  Total
COO/H?g /00‘?' 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?)
- 2 -
from 56.3-66.3 kléVh/m to ﬁqe'a'?e 56.5 60.9 54.8 59.3 51.1 52.7
54.7-64.5 kWh/m?. Irpor
Edinburgh 59.3 63.4 57.8 61.8 53.3 54.7
Kuitpo 50.9 56.3 49.3 54.7 44.4 46.1
Parafield 58.6 62.6 57.0 61.0 53.6 553
Roseworthy 63.4 66.3 61.6 64.5 57.8 59.0

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 is scenario (Scenario 1) temperature scenario
> (Scenario 2)
around 1.6-1.8 kWh/m
which is equiva/ent to 2.5- Sensible cooling  Total cooling Sensible cooling  Total cooling
2.9 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. i
ﬁ.de'a'de 1.6 2.9 1.6 27 5.4 9.5 8.2 13,5
irport
. Edinburgh 1.6 2.7 1.6 2.5 6.0 10.1 8.7 13.7
For Scenario 2, the total :
Coo/ing /OGO’ SGVing is Kuitpo 1.6 3.1 1.6 2.9 6.5 12.8 10.2 18.1
around 7.3-10.2 kWh/m? Parafield 16 2.7 1.6 2.6 4.9 8.4 7.3 11.7
which is equivalent to 11.0- Roseworthy 18 28 18 27 55 87 73 110

18.1 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,

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.

Total Coocling

i P R

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.

Total 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 new low-rise shopping mall centre with weather data simulated by
WREF for COP=1 for heating and cooling.

Total 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 shopping mall centre with weather

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



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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.

h / Ji Stations Reference Scenario 1
The annual coo Ing scenario Reference with
and heating simulation cool roof scenario
using annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
. 2 21 2! 2
that the annual heat/ng (kWh/m?) (kWh/m?2) (kWh/m2) (kWh/m?)
penalty (0_ 1-0.2 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total
is significantly lower than ﬁﬁ‘;‘g‘fe 1371 1510 13 32 1326 1465 13 33
the annual cooling load :
reduction (4.1-5.0 kWh/mZ). Edinburgh 147.7 1583 1.9 5.1 1432 1538 1.9 53
Kuitpo 94.3 104.0 23 6.9 90.3 99.9 23 7.1
Parafield 155.7 169.0 1.8 4.8 150.9 164.1 1.8 4.9
Roseworthy 146.9 156.2 2.7 7.3 1420 151.2 28 7.4
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 new low-rise shopping mall centre using
annual measured weather data for COP=1 for heating and cooling.
h / ling | Stations Annual Annual Annual total
The annual cooling load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 2' 9_3'9 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
Th | total cooli Adelaide 44 32 45 30 00 01 44 32 45 29
e annual total coo ing Airport : : : : : : : : : :

and heating load saving by
building-scale application
of cool roofs ranges
between 3.9-4.8 kWh/m? Parafield 48 3.1 48 29 00 041 47 30 47 27

~ 0
( 2.7-3.5 /7) Roseworthy 4.9 33 5.0 3.2 0.1 0.2 4.8 3.2 4.8 2.9

Edinburgh 4.5 3.0 4.6 2.9 0.0 0.1 4.5 3.0 4.4 2.7

Kuitpo 4.0 4.2 4.1 3.9 0.1 0.2 3.9 4.1 3.9 3.5




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo station.

Temperature (°C)
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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 low-rise shopping mall centre under free floating conditions during a typical summer
week in Kuitpo station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 low-rise shopping mall centre under free floating conditions during a typical summer
week in Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 23.4-48.4 °C and
24.3-44.2 °C in Kuitpo
and Roseworthy 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

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.6 °Cand 0.2 °Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.9 °C

and 1.5°Cin Kuitpo and
Roseworthy stations,
respectively.

(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
Kuitpo 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 low-rise shopping mall centre under free-floating conditions during a typical summer week in
Roseworthy station using weather data simulated by WRF.
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
e s oo eaed - FLOATING CONDITION DURING A
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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 Kuitpo 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 low-rise shopping mall centre under free-floating
condition during a typical winter week in Roseworthy 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 0.5 °C in Kuitpo and
Roseworthy stations.

0.4 4
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Indoor temp reduction-Reference scenario vs scenario 1 (°C)
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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 Kuitpo station using annual measured weather data.

0.5

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 new low-rise shopping mall centre under free-floating conditions during a typical winter
month in Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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
Durmg a typ/cal 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 -

Kuitpo 79 388 81 392

increase from 388 hours
in reference scenario to Roseworthy 64 345 65 348
392 hours, and from 345
to 348 hours in scenario 1
in Kuitpo and Roseworthy
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 79
to 81 hours and from 64
to 65 hours in scenario 1
in Kuitpo and Roseworthy
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 IR

. scenario
air temperature (>26 °C)
is predicted to slightly Kuitpo =90 =1 e

decrease from 520 hours
in reference scenario to Roseworthy 533 530 506
518 and from 533 hours to
530 and 506 hours under
scenario 1 and 2 in Kuitpo
station and Roseworthy
stations, respectively.




ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s

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

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 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 Kuitpo and for Roseworthy weather
conditions, are presented in Table 7.

Energy performance features of Building 05.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 97.6 143.9
Energy consumption after cool roof (MWh) 94.2 139.6
Energy savings (MWh) 3.4 4.3
Energy savings (%) 3.48% 2.99%
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 3,48%
for the Kuitpo and of 2,99% for the Roseworthy weather 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 achieves a
significant reduction of
life cycle costs over the
building’s life cycle, that
varies between 22,8%

for the low energy price
scenario for Kuitpo and
24,8% for the high energy
scenario for Roseworthy.

The metal cool roof is

due to its higher initial
investment marginally
feasible for both locations
for high energy prices’
scenarios, and marginally
not feasible for the low
energy prices scenarios.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 05 Adelaide

R thy High F Pri it 1,213 005
oueworthy High Energy Price :
1,245 D55
: 496,015
Roseworthy Low Cnergy Price 049,641
649,210
539,624
Kultpe High Energy Price 835,080
RAR,000
Kuitpo Low E Prii 3425221530
uitpo Low Energy Price
443,734
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Figure 12. Life Cycle Costs for Building 05 for Kuitpo and Roseworthy weather 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 -1.76 % 1.52 % -0.07 % 2.18%
Coating Cool Roof ~ 22.80 % 24.57 % 23.60 % 24.81 %

12



CONCLUSIONS

* In the eleven weather stations in
Adelaide, 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
Adelaide, the total cooling load of a
typical low-rise shopping mall centre
under the reference scenario is
approximately 56.3-66.3 kWh/m?, which
reduces to a range between 54.7-64.5
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
1.6-1.8 kWh/m? (~2.5-2.9 %) (See Table 1
and 2 and Figures 1 and 2).

* In the eleven weather stations in
Adelaide, the total cooling load of low-
rise shopping mall centre is estimated
to be around 7.3-10.2 kWh/m? lower
under cool roof with modified urban
temperature scenario (scenario  2)
compared to the reference scenario. This
is equivalent to 11.0-18.1 % 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 (0.1-0.2 kWh/m?) is
significantly lower than the annual
cooling load reduction (4.1-5.0 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 2.9-3.9 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 3.9-4.8 kWh/
m? (~2.7-3.5%) (See Table 3 and 4).

* During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 23.4-48.4 °C and 24.3-
442 °C in Kuitpo and Roseworthy
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 0.2
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.9°Cand 1.5°C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 12.1-
25.8 °C in reference scenario to a range
between 12.1-25.5 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 13.1-23.7 °C in reference
scenario to a range between 13.1-23.6°C
in reference with cool roof scenario
(scenario 1) in Roseworthy 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 0.5 °C in Kuitpo
and Roseworthy 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 388 hours in reference
scenario to 392 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight increase
in total number of hours below 19 °C
from 345 hours in reference scenario
to 348 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 79 hours in
reference scenario to 81 hours and
from 64 to 65 hours in Kuitpo and in
Roseworthy 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 520 hours under
the reference scenario in Kuitpo station,
which slightly decreases to 518 and
467 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively. The
simulations in Roseworthy station shows
that the total number of hours above
26 °C decreases from 533 hours to 530
and 506 hours for Scenario 1 and 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 clearly the higher cost
over the building’s life cycle compared
to the coating cool roof, which achieves
a significant reduction of life cycle costs
over the building's life cycle, that varies
between 22,8% for the low energy price
scenario for Kuitpo and 24,8% for the
high energy scenario for Roseworthy, as
it can be seen in Table 8. The metal cool
roof is due to its higher initial investment
marginally feasible for both locations
for high energy prices’ scenarios, and
marginally not feasible for the low
energy prices scenarios. 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 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
9 Reference scenario, scenario 1, and scenario 2; FOR TWO SUMMER MONTHS UNDER

estimated for eleven weather stations in Adelaide

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 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.

e Stations Reference Scenario 1 Scenario 2
The bU//d/ng-sca/e scenario Reference with Cool roof with
app//cat/on of cool I’OOfS cool roof modified urban
d the t scenario temperature
can adecrease the two scenario
summer months total
; : Sensible  Total Sensible  Total Sensible  Total
CQO/lng /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?)
_ 2 -
from 54.8-64.6 kléVh/ m-to ﬁfie';‘;‘tje 55.0 59.4 54.3 58.7 50.5 52.1
54.1-63.8 kWh/m?>. Irp
Edinburgh 57.9 61.9 57.2 61.2 52.7 541
Kuitpo 49.4 54.8 48.7 54.1 43.6 454
Parafield 57.1 61.1 56.4 60.4 53.1 54.7
Roseworthy 61.7 64.6 60.9 63.8 57.2 58.3

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 is scenario (Scenario 1) temperature scenario
S io 2
around 0.7-0.9 kWh/m? B 2
which is equiva/ent to 1.2- Sensible cooling  Total cooling Sensible cooling  Total cooling
1.4 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. i
ﬁ.de'a'de 08 14 08 13 45 8.2 7.3 123
irport
. Edinburgh 0.7 1.3 0.7 1.2 5.2 9.0 7.8 12.6
For Scenario 2, the total :
cooling load saving is Kuitpo 0.7 1.5 0.8 1.4 5.8 11.8 9.4 17.2
around 6.3-9.4 kWh/m? Parafield 08 1.3 0.8 1.3 4.1 7.1 6.4 10.5
which is equivalent to 19.8- Roseworthy 08 14 09 13 46 74 63 98

17.2 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,

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. 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.

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 mid-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 mid-rise shopping mall centre with
weather data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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.

h / Ji Stations Reference Scenario 1
The annual coo Ing scenario Reference with
and heating simulation cool roof scenario
using annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
. 2 21 2! 2
that the annual heat/ng (kWh/m?) (kWh/m?2) (kWh/m2) (kWh/m?)
penalty (0_0_0.7 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total
is significantly lower than ﬁﬁ‘;‘g‘fe 1303 1442 10 27 1283 1421 10 28
the annual cooling load :
reduction (1.9-2.3 kWh/mZ). Edinburgh 140.6  151.2 1.5 4.6 138.5 149.1 1.5 4.6
Kuitpo 87.9 97.5 1.9 6.5 86.1 95.6 1.9 6.6
Parafield 1483 1615 14 4.2 146.1 159.2 1.5 4.3
Roseworthy 139.0 1483 22 6.6 136.8 146.0 22 6.7
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 new mid-rise shopping mall centre using
annual measured weather data for COP=1 for heating and cooling.
h / ling | Stations Annual Annual Annual total
The annual cooling load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 7'4_7.9 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
. Adelaide
The annual total Coo/lng Airport 2.0 1.6 2.1 1.4 0.0 0.0 2.0 1.5 2.0 14

and heating load saving by
building-scale application
of cool roofs ranges
between 1.8-2.2 kWh/m? Parafield 2.2 15 22 1.4 00 0.1 2.2 1.5 22 1.3

'~ 0
( 1.3-1.7 /7) Roseworthy 2.2 1.6 23 1.5 0.0 0.1 2.2 1.6 2.2 1.4

Edinburgh 2.1 1.5 2.1 1.4 0.0 0.1 2.1 1.4 2.0 1.3

Kuitpo 1.8 2.1 1.9 1.9 0.0 0.1 1.8 2.0 1.8 1.7




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) using
weather data simulated by WRF.
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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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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

For scenario 2, the ambient
temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy station.

80

(scenario 2) for new mid-rise shopping mall centre under free floating conditions during a typical summer
week in Kuitpo 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 Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 24.0-47.7 °C and
23.1-52.1 °C in Kuitpo
and Roseworthy 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
to be 0.4°Cand 0.6 °Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.7 °C

and 1.7 °C in Kuitpo and
Roseworthy stations,
respectively.

(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
Kuitpo 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 mid-rise shopping mall centre under free-floating conditions during a typical summer week in
Roseworthy station using weather data simulated by WRF.
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INDOOR AIR TEMPERATURE AND
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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 Kuitpo 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 mid-rise shopping mall centre under free-floating
condition during a typical winter week in Roseworthy 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 0.3 °C and 0.4 °C
in Kuitpo and Roseworthy
stations, respectively.

0.3 4

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

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 new mid-rise shopping mall centre under free-floating conditions during a typical winter
month in Kuitpo 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 Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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
Durmg a typ/cal winter scenario Reference with
month, the total number cool roof scenario
of hours with an indoor S— :
. perational Total Operational Total
air temperature (<19 °C) hours* hours*
is predicted to slightly .
Kuitpo 81 369 82 372

increase from 369 hours
in reference scenario to Roseworthy 62 325 63 327
372 hours, and from 325
to 327 hours in scenario 1
in Kuitpo and Roseworthy
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 81
hours in reference scenario
to 82 hours; and from 62
to 63 hours in scenario 1
in Kuitpo and Roseworthy
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 IR

. scenario
air temperature (>26 °C)
is predicted to slightly Kuitpo o o e

decrease from 543 hours
in reference scenario Roseworthy 552 549 532
to 542 and 493 hours
under scenario 1 and 2,
in Kuitpo station; and
from 552 to 549 and 532
under scenario 1 and 2
in Roseworthy station,
respectively.




ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s

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

Table 7.

Building 06 is an
interesting example of

a new, insulated, mid-

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

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 Kuitpo and for Roseworthy
weather conditions, are presented in Table 7.

Energy performance features of Building 06.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 183.0 272.6
Energy consumption after cool roof (MWh) 179.9 268.8
Energy savings (MWh) 3.1 3.8
Energy savings (%) 1.69% 1.39%
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 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 and the low
initial investment cost of
the coating cool roof.

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 1,69%
for the Kuitpo and of 1,39% for the Roseworthy 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 Kuitpo and
24,2% for the high energy
scenario for Roseworthy.

The metal cool roof is

due to its higher initial
investment marginally
feasible for both locations
for high energy prices’
scenarios, and marginally
not feasible for the low
energy price scenario for
Kuitpo 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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 06 Adelaide

1 FED e
2,348,503
932918

Roseworthy Low Energy Price 1,213,651

1,220,373

1 199 806
Kuitpo High Energy Price 1,558,366
1,580,734

032 370
Kuitpo Low Energy Price 825,643
822,734
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Figure 12. Life Cycle Costs for Building 06 for Kuitpo and Roseworthy weather 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 -0.35% 1.42 % 0.55 % 1.74 %
Coating Cool Roof  23.14 % 24.09 % 23.55% 24.20 %

12



CONCLUSIONS

* In the eleven weather stations in
Adelaide, 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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
the mid-rise shopping mall centre from
54.8-64.6 kWh/m? to 54.1-63.8 kWh/m?.
As computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.7-0.9 kWh/m?. This is equivalent to
approximately 1.2-1.4 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 6.3-9.4 kWh/m?.
This is equivalent to 19.8-17.2 % 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 (1.9-2.3 kWh/
m2). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 1.4-1.9 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 1.8-2.2 kWh/
m?(~1.3-1.7 %) (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 30.9-50.9
°C and 31.2-45.3 °C in Kuitpo and
Roseworthy 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 0.6 °C in Kuitpo and
Roseworthy stations, respectively. The
indoor air temperature reduction is
foreseen to increase further to 2.7 °C
and 1.7 °C by combined building-scale
and urban-scale application of cool roofs
(scenario 2) in Kuitpo and Roseworthy
stations, respectively (See Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 12.5-
25.1 °C in reference scenario to a range
between 12.5-24.9 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce between
12.8-26.6 °C in reference scenario to a
range between 12.7-26.5 °C in reference
with cool roof scenario (scenario 1) in
Roseworthy 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 Kuitpo and Roseworthy
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 369 hours in reference
scenario to 372 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight increase
in total number of hours below 19 °C
from 325 hours in reference scenario
to 327hours 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 81 hours in
reference scenario to 82 hours; and from
62 to 63 hours in scenario 1 in Kuitpo
and Roseworthy 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 543 hours under
the reference scenario in Kuitpo
station, which decreases to 542 and
493 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively. The
simulations in Roseworthy station also
shows that the number of hours above
26 °C decreases from 552 to 549 and 532
under Scenario 1 and 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 clearly the higher cost over the
building’s life cycle compared to the
coating cool roof option, which 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 Kuitpo and 24,2% for the
high energy scenario for Roseworthy, as
it can be seen in Table 8. The metal cool
roof is due to its higher initial investment
marginally feasible for both locations
for high energy prices’ scenarios, and
marginally not feasible for the low energy
price scenario fir Kuitpo conditions.
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 and
the low initial investment cost of the
coating cool roof.
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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

a Rleference scenario, scenario 1, énd slcenario‘Z; FO R TW O S U M M E R M O N T H S U N D E R
estimated for eleven weather stations in Adelaide _l_ H R E E S C E N A R | O Sa

using weather data simulated by WRF.

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.

The building-scale
application of cool roofs
can decrease the two
summer months total

cooling load of a new high-

rise shopping mall centre
from 54.2-64.0 kWh/m? to
53.7-63.4 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?)

ﬁﬁ‘;’;‘;‘ge 54,5 58.9 54.0 58.4 50.2 51.9
Edinburgh 573 61.4 56.9 60.9 52.4 53.8
Kuitpo 48.8 54.2 483 53.7 432 45.0
Parafield 56.6 60.6 56.1 60.1 52.8 54.4
Roseworthy 61.1 64.0 60.6 63.4 56.8 58.0

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.

For Scenario 1, the total
cooling load saving is
around 0.5-0.6 kWh/m?
which is equivalent to 0.8-
0.9 % of total cooling load
reduction.

Stations Reference scenario versus Reference scenario versus
Reference with cool roof Cool roof with modified urban
scenario (Scenario 1) temperature scenario

(Scenario 2)

For Scenario 2, the total
cooling load saving is
around 6.0-9.2 kWh/m?
which is equivalent to 9.4-
16.9 % total cooling load
reduction.

Sensible cooling  Total cooling Sensible cooling  Total cooling

kWh/m? % kWh/m? % kWh/m? % kWh/m? %
ﬁﬁg‘giﬁ'e 0.5 0.9 05 0.9 42 7.8 7.0 11.9
Edinburgh 0.5 0.8 0.5 0.8 4.9 8.6 7.6 12.3
Kuitpo 0.5 1.0 0.5 0.9 5.6 11.5 9.2 16.9
Parafield 0.5 0.9 0.5 0.8 3.8 6.7 6.1 10.1
Roseworthy 0.6 0.9 0.6 0.9 4.3 7.0 6.0 9.4




In the eleven weather Total Cooling

stations in Adelaide, m"'ﬂfm (84
the combined building- 520
scale and urban-scale e

application of cool roofs i
can significantly reduce the
cooling load of a new high-
rise shopping mall centre

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 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.

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 new 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 Adelaide using
measured annual climate data.

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 annual measured Annual Annual Annual Annual

weather data illustrates cooling load heating load cooling load heating load

that the annual 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 ﬁﬁ;‘g‘i‘tje 1277 1415 09 26 1264 1402 09 27

the annual cooling load

reduction (7 2-1.4 kWh/mZ) Edinburgh 137.9 148.5 1.4 4.5 136.6 1471 1.4 4.5
Kuitpo 85.5 95.1 1.8 6.5 84.4 93.9 1.8 6.6
Parafield 145.5 158.6 1.4 4.1 1441 157.2 1.4 4.1
Roseworthy 136.2 1454 21 6.5 1348 1439 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 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 O. 9_7'2 %. Sensible Total Sens. Total Sensible Total
KWh/m? % KWh/m? % KWh/m? KWh/m? % KWh/m? %
. Adelaide
The annual total Coo/lng Airport 1.3 1.0 1.3 0.9 0.0 0.0 1.3 1.0 1.3 0.9
and heat/ng load saving by Edinburgh 723 10 13 09 00 00 13 09 13 08
building-scale application :
Of cool I"OOfS ranges Kuitpo 1.1 1.3 1.2 1.2 0.0 0.1 1.1 1.3 1.1 1.1
between 1.1-1.4 kWh/m? Parafield 1.4 1.0 1.4 09 00 00 14 09 14 09
(~08'77 %) Roseworthy 1.4 1.0 1.4 1.0 0.0 0.0 1.4 1.0 1.4 0.9




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy station.

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 Kuitpo 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 shopping mall centre under free floating conditions during a typical
summer week in Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 24.1-47.4 °C and
23.3-51.9 °C in Kuitpo
and Roseworthy 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

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.4°Cand 0.5°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.7 °C

and 1.6 °C in Kuitpo and
Roseworthy stations,
respectively.

(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
in Kuitpo 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
Roseworthy station using weather data simulated by WRF.
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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 shopping mall centre under free-floating
condition during a typical winter week in Kuitpo 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 Roseworthy 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 Kuitpo 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 Roseworthy station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient
temperatures in Adelaide (i.e. Kuitpo and

5

NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING

emperatures n Adgiide e Kipoand A TYPICAL COLD PERIOD AND ABOVE
TR 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 increase
slightly from 365 hours in
reference scenario to 370
hours, and from 316 to
318 hours in scenario 1
in Kuitpo and Roseworthy
stations, respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from 81
hours in reference scenario
to 85 hours; while remains
the same in scenario 1 in
Kuitpo and Roseworthy
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
Kuitpo 81 365 85 370
Roseworthy 62 316 62 318

* 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 slightly
decrease from 548 hours
in reference scenario

to 547 and 498 hours
under scenario 1 and 2,
in Kuitpo station; and
from 556 to 555 and 536
under scenario 1 and 2
in Roseworthy station,
respectively.

Stations Reference Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban
temperature
scenario
Kuitpo 548 498
Roseworthy 556 536
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ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

Given the building’s

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

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,
also given the small impact of the roof on the overall building’s energy demand.
The main features of the building's energy performance both for Kuitpo and for
Roseworthy weather conditions, are presented in Table 7.

Table 7. Energy performance features of Building 07.

Building 07 is ia very
interesting example of

a new, insulated, high-

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

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 268.2 401.0
Energy consumption after cool roof (MWh) 265.3 397.1
Energy savings (MWh) 2.9 3.9
Energy savings (%) 1.08% 0.97%
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 coating cool roof is a
clearly 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 roughly the same energy
savings of 1,08% and 0,97% for the two locations. 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 over the
building’s life cycle, that
varies between 23,3%

and 24,1% for both
locations and energy prices
scenarios.

The metal cool roof is
due to its higher initial
investment cost only
marginally feasible. The
feasibility results are
practically identical for
both locations.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 07 Adelaide

2619677
Roseworthy High Energy Price 3,391,254
3,431,118
Roseworthy Low Energy Price 1,773,689
1,790,205

Kultpo High E Pri 1T5821222?9 0
ultpo High Energy Price e
2311751
971,149
Kuitpe Low Encrgy Price 1,198,439
1,200,846
] 1,000,000 2,000,000 3,000,000 4,000,000
m Coating Cool Roof  mMetal Cool Roof @ Do Nothing

Figure 12. Life Cycle Costs for Building 07 for Kuitpo and Roseworthy weather 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 0.20 % 1.41 % 0.92 % 1.74 %
Coating Cool Roof ~ 23.29 % 23.94 % 23.65% 24.09 %
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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
Adelaide, 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
54.2-64.0 kWh/m? to 53.7-63.4 kWh/m? .
As computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.5-0.6 kWh/m2. This is equivalent to
approximately 0.8-0.9 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 6.0-9.2 kWh/
m2. This is equivalent to 9.4-16.9 % 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 (0.0-0.1 kWh/m?) is
significantly lower than the annual
cooling load reduction (1.2-1.4 kWh/
m2). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 0.9-1.2 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 1.1-1.4 kWh/
m?(~0.8-1.1 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 24.1-47.4°C and 23.3-
51.9 °C in Kuitpo and Roseworthy
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 and
0.5°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.7 and 1.6 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 12.6-
24.8 °C in reference scenario to a range
between 12.6-24.7 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 13.0-26.4 °C in reference
scenario to a range between 13.0-26.3
°C in reference with cool roof scenario
(scenario 1) in Roseworthy 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 0.3 °C in Kuitpo and Roseworthy
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 365 hours
in reference scenario to 370 hours
in reference with cool roof scenario
(scenario 1) in Kuitpo station. The
estimations for Roseworthy station also
show a increase in total number of hours
below 19 °C from 316 hours in reference
scenario to 318 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 81 hours in reference scenario
to 85 hours in reference with cool roof
scenario (scenario 1) in Kuitpo station.
However, the calculation in Roseworthy
station shows the number of hours
below 19 °C during the operational
hours remain the same (62 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 548 hours under
the reference scenario in Kuitpo
station, which decreases to 547 and
498 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively. The
simulations in Roseworthy station also
shows that the number of hours above
26 °C decreases from 556 to 555 and 536
under Scenario 1 and 2, respectively (See
Table 6).

* As it can be deduced from the feasibility
analysis, given the building's existing roof
insulation, the ‘Do Nothing' approach has
clearly the higher cost over the building's
life cycle compared to the coating cool
roof option, with a reduction of life cycle
costs over the building's life cycle, that
varies between 23,3% and 24,1% for both
locations and energy prices scenarios.
The metal cool roof achieves marginally
feasible reductions, as it can be seen
in Table 8. Building 07 is in that sense
a very interesting example of a new,
insulated, high-rise commercial building
where, despite its rather limited energy
conservation potential, the coating cool
roof is a clearly feasible investment,
over the building'’s life cycle, due to the
large impact of the roof on the building's
cooling loads. The metal cool roof is
due to its higher initial investment cost
only marginally feasible. The feasibility
results are practically identical for both
locations.
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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.
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SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

e Stations Reference Scenario 1 Scenario 2
The bU//d/ng-sca/e scenario Reference with Cool roof with
app//cat/on of cool I’OOfS cool roof modified urban
d the t scenario temperature
can adecrease the two scenario
summer months total
; Sensible  Total Sensible  Total Sensible  Total
CQO/lng 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?)
_ 2 -
from 8.7-13.4 k|£Vh/m to ﬁqe'a'?e 9.5 10.8 8.5 9.8 7.0 7.4
7.7-12.2 kWh/m?. Irpor
Edinburgh 10.7 12.0 9.7 11.0 7.9 8.2
Kuitpo 7.3 8.7 6.4 7.7 4.8 5.1
Parafield 10.4 11.6 9.4 10.6 8.0 8.4
Roseworthy 12.4 13.4 11.2 12.2 9.6 9.9

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 is scenario (Scenario 1) temperature scenario

> (Scenario 2)
around 1.0-1.2 kWh/m
which is equiva/ent to 8.6- Sensible cooling  Total cooling Sensible cooling  Total cooling
11.0 % of total cooling load KWh/m? % kWh/m? % KWh/m? % KWh/m2 %
reduction. i
ﬁ.de'a'de 1.0 103 1.0 96 25 261 34 315
irport

. Edinburgh 1.0 9.2 1.0 8.6 2.8 26.5 3.8 315
For Scenario 2, the total :
Cooling /OGO’ SaVing is Kuitpo 0.9 11.7 1.0 11.0 2.5 345 3.6 41.5
around 3.2-3.8 kWh/m? Parafield 1.0 9.6 1.0 9.0 24 230 32 27.6
which is equivalent to 25.7- Roseworthy ~ 1.1 93 12 89 28 223 34 257
41.5 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,
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.

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.

Total Cooling
K
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High : 12.2
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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.

& e A Y - vl 2
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 chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 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

annual measured weather Annual Annual Annual Annual

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

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

(0_ 6-1.2 kWh/mZ) is S/lght/y Sensible Total Sensible Total Sensible Total Sensible Total

lower than the annual Qﬁ;‘g‘fe 124 150 152 237 112 136 158 246

cooling load reduction (0.9-

1.8 kWh/mZ) Edinburgh 16.3 18.6 19.0 29.1 14.8 17.0 19.7 30.0
Kuitpo 6.1 6.9 29.4 44.8 5.3 6.0 30.5 46.3
Parafield 17.8 20.8 17.5 27.2 16.1 19.0 18.2 28.1
Roseworthy 16.0 17.9 24.4 36.9 14.4 16.2 253 38.0

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 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 8.5-73.0 0/0. Sensible Total Sens. Total Sensible Total
KWh/m? % kWh/m? % kWh/m? KWh/m2 % KWh/m? %
. Adelaide 5 5
The annual total Coo/lng Airport 1. 9.6 1.4 9.1 0.6 0.8 0.6 A 0.5 1.4

and heating load saving by
building-scale application
of cool roofs ranges
between -0.6 and 0.9 kWh/ Parafield 1.6 92 1.8 85 07 09 09 27 09 1.8

2 [~ 0
m ( -1.2-1.8 /J) Roseworthy 1.6 102 1.7 9.7 0.9 1.1 0.8 1.9 0.6 1.2

Edinburgh 1.5 9.1 1.6 8.6 0.7 0.9 0.8 2.2 0.7 1.5

Kuitpo 0.8 13.1 0.9 13.0 1.2 1.5 -04 -10 -06 -1.2




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) using
weather data simulated by WRF.
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INDOOR A

IR 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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
week in Kuitpo station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 low-rise apartment building under free floating conditions during a typical summer
week in Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.5-35.3 °C and
21.3-39.6 °C in Kuitpo
and Roseworthy 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 0.7°Cand 0.7 °Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.7 °C

and 1.6 °C in Kuitpo and
Roseworthy stations,
respectively.

(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
Kuitpo 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 low-rise apartment building under free-floating conditions during a typical summer week in
Roseworthy station using weather data simulated by WRF.
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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 Kuitpo 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 low-rise apartment building under free-floating
condition during a typical winter week in Roseworthy 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
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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 Kuitpo station using annual measured weather data.
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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 apartment building under free-floating conditions during a typical winter
month in Roseworthy station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient
temperatures in Adelaide (i.e. Kuitpo and
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NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING

emperatures n Adgiide e Kipoand A TYPICAL COLD PERIOD AND ABOVE
TR 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 365 hours
in reference scenario to
370 hours and from 316
to 318 hours in scenario 1
in Kuitpo and Roseworthy
stations, respectively.

Stations Reference Scenario 1
scenario Reference with
cool roof scenario
Kuitpo 365 370
Roseworthy 316 318

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
593 hours in reference
scenario to 593 and 532
hours under scenario 1
and 2 in Kuitpo station;
and from 556 hours

in reference scenario

to 555 and 536 hours
under scenario 1 and 2

in Roseworthy station,
respectively.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban
temperature
scenario
Kuitpo 593 593 532
Roseworthy 556 555 536
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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
modest energy savings. The main features of the building's energy performance
both for Kuitpo and for Roseworthy weather conditions, are presented in Table 7.

Table 7. Energy performance features of Building 08.

Building 08 is an
interesting example of a
new, low-rise residential
building, where the energy
conservation potential is
rather limited. However,
even so, the coating cool
technology emerges as a
meaningful investment.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 38.7 41.0
Energy consumption after cool roof (MWh) 39.2 40.6
Energy savings (MWh) -0.5 0.4
Energy savings (%) -1.29% 0.98%
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 1,29% for Kuitpo and a decrease of 0,98% for the Roseworthy weather.
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 17,7%

for the low energy price
scenario for Kuitpo

and 22,0% for the high
energy scenario and for
Roseworthy conditions.

The metal cool roof is,

due to its higher initial
investment cost not
feasible for both scenarios
and locations.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 08 Adelaide

35/, /R0
Romwnnhv o Energ"‘ s ﬂ Txrea
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177,158
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Figure 12. Life Cycle Costs for Building 08 for Kuitpo and Roseworthy weather 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 -9.23 % -4.69 % -6.52 % -2.18 %
Coating Cool Roof  17.66 % 20.10 % 19.65 % 21.98 %
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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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
a new low-rise apartment from 8.7-
13.4 kWh/m? to 7.7-12.2 kWh/m2, As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
1.0-1.2 kWh/m2. This is equivalent to
approximately 8.6-11.0 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 3.2-3.8 kWh/m?2.
This is equivalent to 25.7-41.5 % 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 (0.6-1.2 kWh/m?) is
slightly lower than the annual cooling
load reduction (0.9-1.8 kWh/m?). As
calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 8.5-13.0 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between -0.6 and 0.9
kWh/m? (~ -1.2-1.8 %) (See Table 3 and
4).

*+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 21.5-35.3 °C and 21.3-
39.6 °C in Kuitpo and Roseworthy
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 0.7
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.7 and 1.6 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 10.2-
16.3 °C in reference scenario to a range
between 10.2-16.1 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 11.1-17.6 °C in reference
scenario to a range between 11.0-17.3
°C in reference with cool roof scenario
(scenario 1) in Roseworthy 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 0.4 °C
for both Kuitpo and Roseworthy 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 365 hours in reference
scenario to 370 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slightly increase
in total number of hours below 19 °C
from 316 hours in reference scenario
to 318 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 593 hours under
the reference scenario in Kuitpo station,
which decreases to 593 and 532 hours
under the reference with cool roof
scenario (scenario 1) and cool roof and
modified urban temperature scenario
(scenario 2), respectively. The simulations
in Roseworthy station also illustrate
a significant reduction in number of
hours above 26 °C from 556 hours in
reference scenario to 555 in reference

with cool roof scenario (scenario 1) and
536 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
17,7% for the low energy price scenario
for Kuitpo and 22,0% for the high energy
scenario and for Roseworthy conditions,
as it can be seen in Table 8. The metal
cool roof is, due to its higher initial
investment cost not feasible for both
scenarios and locations. Building 08 is
in that sense an interesting example
of a new, low-rise residential building,
where the energy conservation potential
is rather limited. However, even so, the
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
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1

SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et THREE SCENARIOS®

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.

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
CQO/lng 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?)
- 2 -
from 8.3-12.9 k|£Vh/m to ﬁqe'a'?e 9.1 10.5 8.6 9.9 7.0 7.5
7.8-12.2 kWh/m?. Irpor
Edinburgh 10.3 11.6 9.8 11.0 7.9 8.3
Kuitpo 6.9 8.3 6.5 7.8 47 5.0
Parafield 10.0 11.3 9.4 10.7 8.0 8.5
Roseworthy 11.9 12.9 1.3 12.2 9.6 10.0

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
coo/ing load saving is scenario (Scenario 1) temperature scenario
S io 2
around 0.5-0.7 kWh/m? B 2
which is equiva/ent to 35.1- Sensible cooling  Total cooling Sensible cooling  Total cooling
6.6 % of total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 06 6.2 0.6 5.7 2.1 228 3.0 28.7
irport
. Edinburgh 0.6 5.5 0.6 5.1 2.4 23.7 34 29.1
For Scenario 2, the total :
Coo/ing /OGO’ SGVing is Kuitpo 0.5 7.1 0.5 6.6 2.2 31.7 3.3 394
around 2.8-3.4 kWh/m? Parafield 0.6 5.8 0.6 54 2.0 198 28 24.8
which is equivalent to 22.9- Roseworthy ~ 07 56 07 53 23 192 30 229
39.4 % total cooling load
reduction.




In the eleven weather
stations in Adelaide, Total Cocling
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.
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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 mid-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 mid-rise apartment building with weather
data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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

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

(0_5_0.9 kWh/mZ) is near/y Sensible Total Sensible Total Sensible Total Sensible Total

the same that the annual ﬁﬁ;‘g‘fe 118 143 145 229 114 136 149 234

cooling load reduction (0.5-

1.0 kWh/mZ) Edinburgh 15.5 17.8 18.3 28.4 14.7 16.9 18.7 28.9
Kuitpo 5.6 6.3 28.8 44.2 5.1 5.8 29.5 45.1
Parafield 16.9 19.9 16.8 26.4 16.0 18.9 17.2 26.9
Roseworthy 15.1 17.0 23.6 36.1 14.2 16.0 24.1 36.7

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 mid-rise apartment building 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 5. 0-7.8 %. Sensible Total Sens. Total Sensible Total
KWh/m? % kWh/m? % kWh/m? KWh/m2 % KWh/m? %
. Adelaide 2
The annual total Coo/lng Airport 0.7 5.6 0.8 5.4 0.4 0.5 0.3 1. 0.3 0.8

and heating load saving by
building-scale application
of cool roofs ranges
between -0.4 and 0.5 kWh/ Parafield 09 54 10 50 04 05 05 16 05 1.0

2 [~
m ( -0.7-1.0 %) Roseworthy 0.9 6.0 1.0 5.6 0.5 0.6 0.4 1.0 0.3 0.6

Edinburgh 0.8 53 0.9 5.0 0.4 0.5 0.4 1.3 0.4 0.8

Kuitpo 0.4 7.9 0.5 7.8 0.7 0.9 -02 -07 -04 -07




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo station.

60
Indooe aif lemp-Referencs scenario
85 |l —— e temp-Seenario 1
50 - T Indoor air temp-Scenaric 2
T Ambeent temp-Reference scenario & scenasio 1
45 + T Ambient lemp-Scenario 2
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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 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy station.

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 Kuitpo 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 Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.6-34.9 °C and
21.5-39.4 °C in Kuitpo
and Roseworthy 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
tobe 0.4°Cand 0.5°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.5 °C

and 1.4 °C in Kuitpo and
Roseworthy stations,
respectively.

(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
Kuitpo 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 mid-rise apartment building under free-floating conditions during a typical summer week in
Roseworthy station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Adelaide (i.e.
Kuitpo and Roseworthy) using annual measured
weather data.

4

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

SCENARIOS

d

During a typical winter
week, the indoor air
temperature is expected
to slightly decrease from
arange 10.3-16.1°Cin
reference scenario to
arange 10.3-15.9 °C

in scenario 1 in Kuitpo
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 Kuitpo station using annual measured weather data.

The indoor air temperature
is predicted to reduce
fromarange 11.3-17.3

°C in reference scenario
toarange 11.2-17.3°Cin
scenario 1 in Roseworthy
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 Roseworthy 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 in Kuitpo and
Roseworthy stations.

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 new mid-rise apartment building under free-floating conditions during a typical winter
month in Kuitpo 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 apartment building under free-floating conditions during a typical winter
month in Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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) Kuitpo 732 732
is predicted to remain

Roseworthy 714 718

the same (732 hours) in
Kuitpo station and slightly
increase from 714 hours to
718 in Roseworthy 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

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 LG

. . scenario
air temperature (>26 °C) is
predicted to decrease from Kuitpo 328 o 219

328 hours in reference
scenario to 311 and 219 Roseworthy 421 409 355
hours under scenario 1
and 2 in Kuitpo station;
and from 421 hours

in reference scenario

to 409 and 355 hours
under scenario 1 and 2
in Roseworthy 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
clearly higher cost over
the building’s life cycle
compared to the coating
cool roof option.

Table 7.

Building 09 is an
interesting example of

a mid-rise residential
building, where the energy
conservation potential is
not big. However, even so
the application of a coating
cool roof 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
modest, but not insignificant, energy savings. The main features of the building’s
energy performance both for Kuitpo and for Roseworthy weather conditions, are
presented in Table 7.

Energy performance features of Building 09.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 63.0 66.3
Energy consumption after cool roof (MWh) 63.5 65.8
Energy savings (MWh) -0.5 0.5
Energy savings (%) -0.79% 0.75%
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 0,79% for Kuitpo and a reduction of 0,75% for Roseworthy 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 20,0%

for the low energy price
scenario for Kuitpo

and 22,8% for the high
energy scenario and for
Roseworthy conditions.

The metal cool roof is,

due to its higher initial
investment cost not
feasible for both scenarios
and locations.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 09 Adelaide

444 2061

Rosewaorthy High Energy Price 578,253

574,863

236,237
Rosewoarthy Low Energy Price 310,210
3N,2493
428,966
Kubktpo High Energy Price 328,984
546,549

228.533
Kuitpo Low Energy Price 300,243
0

285,508

100,000 200,000 300,000 400,000 500,000 600,000 700,000

Figure 12. Life Cycle Costs for Building 09 for Kuitpo and Roseworthy weather 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 -5.13 % -2.28 % -3.32% -0.59 %
Coating Cool Roof ~ 19.98 % 21.51% 21.32% 22.79 %
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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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
a new mid-rise apartment from 8.3-
12.9 kWh/m? to 7.8-12.2 kWh/m?2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.5-0.7 kWh/m?. This is equivalent to
approximately 35.1-6.6 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 2.8-3.4 kWh/m?
. This is equivalent to 22.9-39.4 % 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 (0.5-0.9 kWh/m?) is
nearly the same that the annual cooling
load reduction (0.5-1.0 kWh/m?). As
calculated, the annual cooling load
saving by building-scale application
of cool roofs is around 5.0-7.8 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between -0.4 and 0.5
kWh/m? (~ -0.7-1.0 %) (See Table 3 and
4).

*+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 21.6-34.9 °C and 21.5-
39.4 °C in Kuitpo and Roseworthy
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 Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.5 and 1.4 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 10.3-
16.1 °C in reference scenario to a range
between 10.3-15.9 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 11.3-17.3 °C in reference
scenario to a range between 11.2-17.3°C
in reference with cool roof scenario
(scenario 1) in Roseworthy 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 Kuitpo and Roseworthy 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
remain the same (732 hours) in Kuitpo
station, and slightly increase from 714
hours to 718 hours in Roseworthy
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 328 hours under
the reference scenario in Kuitpo station,
which decreases to 311 and 219 hours
under the reference with cool roof
scenario (scenario 1) and cool roof and
modified urban temperature scenario
(scenario 2), respectively. The simulations
in Roseworthy station also illustrate
a significant reduction in number of
hours above 26 °C from 421 hours in
reference scenario to 409 in reference
with cool roof scenario (scenario 1) and
355 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 clearly 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
20,0% for the low energy price scenario
for Kuitpo and 22,8% for the high energy
scenario and for Roseworthy conditions,
as it can be seen in Table 8. The metal
cool roof is, due to its higher initial
investment cost not feasible for both
scenarios and locations. Building 09 is in
that sense an interesting example of a
mid-rise residential building, where the
energy conservation potential is not big.
However, even so the application of a
coating cool roof 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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SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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 I’OOfS cool roof modified urban
scenario temperature
can decrease the two scenario
summer months total
; ; Sensible  Total Sensible  Total Sensible  Total
CQO/lng 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?)
- 2 ;
from 8.1-12.6 k|£Vh/m to ﬁde'a"tje 8.9 10.2 8.5 9.8 7.0 7.4
7.7-12.2 kWh/m?. Irpor
Edinburgh 10.1 11.4 9.7 11.0 7.8 8.2
Kuitpo 6.7 8.1 6.4 7.7 4.7 5.0
Parafield 9.7 11.0 9.4 10.7 8.0 8.5
Roseworthy 11.6 12.6 1.2 12.2 9.6 9.9

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 is scenario (Scenario 1) temperature scenario
S io 2
around 0.3-0.4 kWh/m? B 2
which is equiva/ent to 3.1- Sensible cooling  Total cooling Sensible cooling  Total cooling
4.0 % of total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 03 38 0.4 35 1.9 209 2.8 27.1
irport
. Edinburgh 0.3 3.4 04 3.1 2.2 22.1 3.2 27.7
For Scenario 2, the total :
Cooling /OGO’ SaVing is Kuitpo 0.3 4.4 0.3 4.0 2.0 30.1 3.1 38.2
around 2.6-3.1 kWh/m? Parafield 0.3 35 0.4 33 1.7 179 26 232
which is equivalent to 21.3- Roseworthy =~ 04 34 04 33 20 174 27 213

38.2 % total cooling load
reduction.




In the eleven weather

stations in Adelaide, i
both building-scale and g - 126
the combined building- !ﬁj}
scale and urban scale gz

application of cool roofs
can reduce the cooling
load of the new high-rise
apartment building during
the summer season.

i 1 M

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 apartment building 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 a new high-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 high-rise apartment building with weather
data simulated by WRF for COP=1 for heating and cooling.
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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

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

(0_3_0.5 kWh/mZ) is S/lght/y Sensible Total Sensible Total Sensible Total Sensible Total

lower than the annual Qﬁ;‘g‘fe 1.4 138 143 227 110 134 145 230

cooling load reduction (0.3-

0.6 kWh/mZ) Edinburgh 15.0 17.2 18.1 28.2 14.5 16.7 18.3 28.5
Kuitpo 5.2 5.9 28.8 44.2 5.0 5.7 29.2 44.7
Parafield 16.3 19.3 16.6 26.1 15.8 18.7 16.8 26.4
Roseworthy 14.4 16.3 234 35.9 13.9 15.8 23.7 36.3

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 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/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' 0-4.8 %. Sensible Total Sens. Total Sensible Total
KWh/m? % kWh/m? % kWh/m? KWh/m2 % KWh/m? %
. Adelaide 5 5 5 5
The annual total Coo/lng Airport 0.4 3.4 0.4 3. 0. 0.3 0. 0.7 0. 0.4

and heating load saving by
building-scale application
of cool roofs ranges
between -0.2 and 0.3 kWh/ Parafield 05 33 06 30 02 03 03 09 03 06

2 [~
m ( -0.5-0.6 %) Roseworthy 0.5 3.6 0.6 3.4 0.3 0.4 0.2 0.6 0.2 0.3

Edinburgh 0.5 3.2 0.5 3.0 0.2 0.3 0.2 0.7 0.2 0.5

Kuitpo 0.3 4.8 0.3 4.8 0.4 0.5 -02 -04 -02 -05




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy station.

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 Kuitpo 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 Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.6-37.7 °C and
21.6-39.3 °C in Kuitpo
and Roseworthy 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
Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.3°Cand 0.4°Cin
Kuitpo and Roseworthy
stations, respectively.

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 2.4 °C
and 1.2 °C in Kuitpo and
Roseworthy 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
Roseworthy station using weather data simulated by WRF.
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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 Kuitpo 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 apartment building under free-floating
condition during a typical winter week in Roseworthy 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 and 0.2 °C

in Kuitpo and Roseworthy
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 high-rise apartment building under free-floating conditions during a typical winter
month in Kuitpo 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 Roseworthy station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient
temperatures in Adelaide (i.e. Kuitpo and
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NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING

emperatures n Adgiide e Kipoand A TYPICAL COLD PERIOD AND ABOVE
TR 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 remain
the same in reference
scenario and scenario 1
in Kuitpo (732 hours) and
Roseworthy (721 hours)
stations, respectively.

Stations Reference Scenario 1
scenario Reference with
cool roof scenario
Kuitpo 732 732
Roseworthy 721 721

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
245 hours in reference
scenario to 241 and 150
hours under scenario 1
and 2 in Kuitpo station;
and from 349 hours

in reference scenario

to 343 and 295 hours
under scenario 1 and 2

in Roseworthy station,
respectively.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban
temperature
scenario
Kuitpo 245 241 150
Roseworthy 349 343 295

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 10 is an
interesting example of a
new, high-rise residential
building, where the energy
conservation potential is
truly modest. However,
even so, the application of
a coating cool technology
emerges as a very
meaningful investment.

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
modest energy savings. The main features of the building’s energy performance
both for Kuitpo and for Roseworthy weather conditions, are presented in Table 7.

Energy performance features of Building 10.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 100.0 104.2
Energy consumption after cool roof (MWh) 100.6 104.0
Energy savings (MWh) -0.6 0.2
Energy savings (%) -0.60% 0.19%
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 0,60% for the Kuitpo weather conditions and a reduction of 0,19% for
the Roseworthy conditions. These savings are within the limits of simulative errors,
but even so it is of interest to examine the feasibility 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.



Despite the marginal
energy savings, the coating
cool roof option leads to

a significant reduction of
life cycle costs, that varies
between 21,1% for the low
energy price scenario for
Kuitpo and 22,8% for the
high energy scenario and
for Roseworthy conditions.

The metal cool roof is,

due to its higher initial
investment cost and the
modest 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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 10 Adelaide

587.516 l[
Roseworthy High Energy Price 890, 700
Ha0,0%2

362,265
Roseworthy Low Energy Price 471,821
463,272
[afaly, (12
854,410
350,930
Kuitpo Low Energy Price 457,200
444,841
o] 200,000 400,000 600,000 800,000 1,000,000
Figure 12. Life Cycle Costs for Building 10 for Kuitpo and Roseworthy weather 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 -2.78% -0.94 % -1.85 % -0.07 %
Coating Cool Roof  21.11 % 22.10 % 21.80 % 22.76 %
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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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
a new high-rise apartment from 8.1-
12.6 kWh/m? to 7.7-12.2 kWh/m?2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.3-0.4 kWh/m?. This is equivalent to
approximately 3.1-4.0 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 2.6-3.1 kWh/m?2.
This is equivalent to 21.3-38.2 % 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 (0.3-0.5 kWh/m?) is
slightly lower than the annual cooling
load reduction (0.3-0.6 kWh/m?). As
calculated, the annual cooling load
saving by building-scale application
of cool roofs is around 3.0-4.8 %. The
annual total cooling and heating load

saving by building-scale application of
cool roofs ranges between -0.2 and 0.3
kWh/m? (~ -0.5-0.6 %) (See Table 3 and
4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 28.0-38.1 °C and 28.0-
34.4 °C in Kuitpo and Roseworthy
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 0.4
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.4 and 1.2 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 110.3-
15.9 °C in reference scenario to a range




between 10.3-15.8 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8). Similarly, the
indoor air temperature is predicted to
slightly reduce from a range between
11.3-17.3 °C in reference scenario to a
range between 11.3-17.2 °C in reference
with cool roof scenario (scenario 1) in
Roseworthy 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
and 0.2 °C for Kuitpo and Roseworthy
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
remain the same in reference scenario
and in reference with cool roof scenario
(scenario 1) in Kuitpo (732 hours)
and Roseworthy (721 hours) stations,
respectively (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 245 hours under
the reference scenario in Kuitpo station,
which decreases to 241 and 150 hours
under the reference with cool roof
scenario (scenario 1) and cool roof and
modified urban temperature scenario
(scenario 2), respectively. The simulations
in Roseworthy station also illustrate
a significant reduction in number of
hours above 26 °C from 349 hours in
reference scenario to 343 in reference
with cool roof scenario (scenario 1) and

295 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,
despite the marginal energy savings, to
a significant reduction of life cycle costs,
that varies between 21,1% for the low
energy price scenario for Kuitpo and
22,8% for the high energy scenario and
for Roseworthy conditions, as it can be
seen in Table 8. The metal cool roof is,
due to its higher initial investment cost
and the modest energy savings, not
feasible. Building 10 is in that sense an
interesting example of a new, high-rise
residential building, where the energy
conservation potential is truly modest.
However, even so, 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
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

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
; i Sensible  Total Sensible  Total Sensible  Total
COO/II’)g 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?)
_ 2 _ .
11.8-15.8 kWh/m? to 6.1 Adelaide 12.7 13.7 6.9 7.7 5.8 6.0
9.8 kWh/m?. Airport
Edinburgh 13.6 14.6 7.8 8.6 6.5 6.7
Kuitpo 10.6 11.8 5.3 6.1 4.3 4.4
Parafield 13.4 14.4 7.6 8.3 6.6 6.8
Roseworthy 15.1 15.8 9.2 9.8 8.0 8.2

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 5.7-6.0 kWh/m? (Scenario 2)
which is equiva/ent to 38.1- Sensible cooling  Total cooling Sensible cooling  Total cooling
48.1 % of total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 5.8 457 60 440 68 540 76 55.7
irport
. Edinburgh 5.8 42.5 6.0 41.1 7.1 52.1 7.9 54.0
For Scenario 2, the total :
Cooling /OGO’ SaVing is Kuitpo 5.3 50.2 5.7 48.1 6.4 59.9 7.3 62.2
around 7.3-7.9 kWh/m? Parafield 5.8 436 6.0 421 68 509 75 52.4
which is equivalent to 48.1- Roseworthy 59 390 60 381 74 468 7.6 481

62.2 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,
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.

Total Cooling

T

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.

S S .
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.

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.



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

ANNUAL COOLING AND HEATING LOAD
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.

The annual cooling and
heating simulation using
annual measured weather
data illustrates that the
annual heating penalty
(5.1-8.7 kWh/m?) is lower
than the annual cooling
load reduction (6.9-11.4
kWh/m?).

Stations Reference Scenario 1

scenario Reference with

cool roof scenario

Annual Annual Annual Annual

cooling load heating load cooling load heating load

(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total
Adelaide
Airport 17.6 20.0 221 26.7 9.3 11.0 26.8 31.7
Edinburgh 22.5 24.5 25.0 30.1 12.7 14.2 30.1 35.6
Kuitpo 11.4 12.5 334 40.7 5.0 5.6 41.3 49.4
Parafield 24.6 27.2 24.0 28.9 13.8 15.8 28.9 34.3
Roseworthy 22.7 243 29.3 35.3 13.0 14.3 35.1 41.6

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 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 47'3_55'4 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %

; Adelaide 83 470 90 450 46 51 36 92 39 84
The annual total cooling Airport : : : 5. : 5. : : : :
and heat/ng load saving by Edinburgh 98 435 103 419 51 56 47 99 47 86
building-scale application :
of cool roofs ranges Kuitpo 64 563 69 554 79 87 -15 33 -18 -33
between -1.8 and 5.9 kWh/ Parafield 10.8 438 114 418 50 54 58 120 59 106
m? (~-3.3-10.6 %). Roseworthy 9.7 427 101 413 58 62 39 76 38 64
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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
in Kuitpo 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 Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 20.5-38.9 °C and
19.8-42.4 °C in Kuitpo
and Roseworthy stations,
respectively.

Indoor Air Temperature (°C)

— Reference scenario vs scenario 1
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4
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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 Kuitpo
station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 4.5°Cand 4.4°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 5.5 °C

and 5.1 °Cin Kuitpo and
Roseworthy stations,
respectively.

Indoor Air Temperature (°C)
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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
Roseworthy station using weather data simulated by WRF.
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INDOOR AIR TEMPERATURE AND
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weather data.

During a typical winter
week, the indoor air
temperature is expected
to decrease from a range
9.5-17.8°C in reference
scenario to a range 9.2-
16.1°Cin scenario 1 in
Kuitpo 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 typical existing stand-alone house under free-floating
condition during a winter week in Kuitpo station using annual measured weather data.

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 typical existing stand-alone house under free-floating
condition during a winter week in Roseworthy 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 2.4°Cand 2.2 °C
in Kuitpo and Roseworthy
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 existing stand-alone house under free-floating conditions during a typical winter month
in Kuitpo 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 scanario 1 (°C)

25
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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 Roseworthy station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient
temperatures in Adelaide (i.e. Kuitpo and
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NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING

emperatures n Adgiide e Kipoand A TYPICAL COLD PERIOD AND ABOVE
TR 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
721 hours in reference
scenario to 732 hours; and
from 691 to 720 hours

in scenario 1 in Kuitpo
and Roseworthy stations,
respectively.

Stations Reference Scenario 1
scenario Reference with
cool roof scenario
Kuitpo 721 732
Roseworthy 691 720

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
297 hours in reference
scenario to 185 and 136
hours under scenario 1
and 2 in Kuitpo station;
and from 354 hours

in reference scenario

to 282 and 248 hours
under scenario 1 and 2

in Roseworthy station,
respectively.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban
temperature
scenario
Kuitpo 297 185 136
Roseworthy 354 282 248
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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 significant.

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. Despite the fact that the 242
m? roof is insulated, its big impact on the building’s energy balance leads to overall
significant energy savings. The main features of the building’'s energy performance
both for Kuitpo and for Roseworthy weather conditions, are presented in Table 7.

Energy performance features of Building 11.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 5.1 5.8
Energy consumption after cool roof (MWh) 5.3 5.4
Energy savings (MWh) -0.2 0.4
Energy savings (%) -3.92% 6.90%
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

Given the low in absolute
terms energy expenditure
and the high initial cost
of the metal cool roof,
this is not feasible. On the
contrary, the coating cool
technology emerges as

an appealing investment
under all conditions.

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 3,92% for Kuitpo and a decrease of 6,90% for the Roseworthy weather
conditions. The value for Kuitpo however is in absolute terms within the margin
of simulation error and it therefore interesting to still examine the feasibility. 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 6,4%

for the low energy price
scenario and 21,9% for the
high energy scenario for
Roseworthy conditions.

The metal cool roof is,

due to its higher initial
investment cost not
feasible for both scenarios
and locations.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 11 Adelaide

Roseworthy High Energy Price 53,92p

51,538
R Ty | F Pri LhEL
EISEWIEIT o Frier, Tice 32,203
i i 27,782
39,5049

Kutpo High Energy Price 53,174

45,599
Kuilpo Low Energy Price 31,815

P B 24,710

0 10,000 20,000 30,000 40,000 50,000 60,000

M Coating Cool oot M Metal Cool Root B Do Nothing

Figure 12. Life Cycle Costs for Building 11 for Kuitpo and Roseworthy weather 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 -28.75 % -16.62 % -15.91 % -4.63 %
Coating Cool Roof  6.44 % 12.92 % 15.73 % 21.86 %

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
an existing standalone house during the
summer season.

* In the eleven weather stations in
Brisbane, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
a new high-rise apartment from 11.8-
15.8 kWh/m? to 6.1-9.8 kWh/m2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
5.7-6.0 kWh/m?. This is equivalent to
approximately 38.1-48.1 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 7.3-7.9 kWh/m?2.
This is equivalent to 48.1-62.2 % 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 (5.1-8.7 kWh/m?) is lower
than the annual cooling load reduction
(6.9-11.4 kWh/m?). As calculated, the
annual cooling load saving by building-
scale application of cool roofs is around
41.3-55.4 %. The annual total cooling
and heating load saving by building-scale
application of cool roofs ranges between
-1.8 and 5.9 kWh/m? (~ -3.3-10.6 %) (See
Table 3 and 4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 20.5-38.9 °C and 19.8-
424 °C in Kuitpo and Roseworthy
stations, respectively. When cool roofs
are applied at a building scale (scenario
1), the maximum indoor temperature
reduction is estimated to be 4.5 and 4.4
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 5.5 and 5.1 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 9.5-17.8 °C in
reference scenario to a range between
9.2-16.1 °C in reference with cool roof
scenario (scenario 1) in Kuitpo station
(See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 9.1-19.3 °C in reference
scenario to a range between 8.8-17.7°C
in reference with cool roof scenario
(scenario 1) in Roseworthy 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 2.4
and 2.2 °C for Kuitpo and Roseworthy
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 721 hours in reference
scenario to 732 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slightly increase
in total number of hours below 19 °C
from 691 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 297 hours under
the reference scenario in Kuitpo station,
which significantly decreases to 185 and
136 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.

The simulations in Roseworthy station
also illustrate a significant reduction
in number of hours above 26 °C from
354 hours in reference scenario to 282
in reference with cool roof scenario
(scenario 1) and 248 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
6,4% for the low energy price scenario
and 21,9% for the high energy scenario
for Roseworthy conditions, as it can be
seen in Table 8. The metal cool roof is,
due to its higher initial investment cost
not feasible for both scenarios and
locations. 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
significant. However, given the low in
absolute terms energy expenditure and
the high initial cost of the metal cool
roof, this is not feasible. On the contrary,
the coating cool technology emerges
as an appealing investment under all
conditions.
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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.
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SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

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
; fetl Sensible  Total Sensible  Total Sensible  Total
COO/II’)g load Of an €XISl'II’Ig cooling cooling cooling cooling cooling cooling
school from 17.0-26.5 kWh/ (kWh/m?)  (kWh/m?) (kKWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)
2 _ 2 .
m? t0 16.2-25.6 kWh/m?. Adelaide 19.5 20.9 18.8 20.2 16.0 16.2
Airport
Edinburgh 21.7 23.4 21.1 22.6 17.9 18.2
Kuitpo 15.6 17.0 15.0 16.2 11.9 12.0
Parafield 21.2 22.7 20.5 21.9 18.0 18.3
Roseworthy 25.2 26.5 24.4 25.6 21.8 22.0

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.

. 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 0.7-0.9 kWh/m? B 2
which is equiva/ent to 3.4- Sensible cooling  Total cooling Sensible cooling  Total cooling
4.2 % of total cooling load KWh/m? % kWh/m? % KWh/m2 % kWh/m? %
reduction. i
ﬁ.de'a'de 0.7 34 0.8 38 35 179 47 22.5
irport
. Edinburgh 0.7 3.1 0.8 34 3.8 17.5 52 22.4
For Scenario 2, the total :
Cooling /OGO’ SaVing is Kuitpo 0.6 3.9 0.7 4.2 3.7 23.8 4.9 29.1
around 4.4-5.2 kWh/m? Parafield 0.7 3.2 0.8 35 3.2 151 44 19.5
which is equivalent to 17.1- Roseworthy 08 31 09 34 34 135 45 17

29.1 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,

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.

Total Cooling

[l - L oy Vo . - lerea s - Mastiey

Figure 1. Spatial distribution of total cooling load for reference scenario for two summer months (i.e. January and

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

February) for aan existing school 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 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.



ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

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

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.

. tations Reference cenario 1
Stati fi S i

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 annual heating (kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

penalty (0.3-0.8 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total

is significantly slower than ﬁﬁ;‘g‘i‘tje 270 296 30 173 260 284 31 176

the annual cooling load

reduction (0 8-1.5 kWh/mZ) Edinburgh 36.3 38.5 BIS) 22.2 35.2 7.3 39 22.6
Kuitpo 18.2 19.0 5.1 37.4 17.4 18.2 52 38.3
Parafield 39.1 42.6 3.7 20.4 37.9 41.2 3.7 20.7
Roseworthy 39.3 41.4 49 26.2 38.1 39.9 4.9 26.7

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 an existing school 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_4'3 %. Sensible Total Sens. Total Sensible Total
KWh/m? % KWh/m? % KWh/m? KWh/m? % KWh/m? %
. Adelaide 5 5
The annual total Coo/lng Airport 0.9 3.5 1. 4.0 0.1 0.3 0.9 9 0.8 1.8
and heat/ng load saving by Edinburgh 1 31 13 33 01 04 10 26 09 15
building-scale application :
Of cool I"OOfS ranges Kuitpo 0.7 4.0 0.8 4.3 0.1 0.8 0.6 2.7 0.0 0.0
between 0.8-1.1 kWh/m? Parafield 1.2 3.1 1.5 35 0.1 0.4 1.1 2.6 1.1 1.8
(~O' 0-1.8 %) Roseworthy 1.3 3.2 1.4 34 0.1 0.5 1.2 2.6 0.9 1.4




¢ Reference scenario, scenario 1, and scenario

3

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

2; estimated for weather stations presenting

the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) using

weather data simulated by WRF.

TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 Kuitpo
station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.
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For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 school under free floating conditions during a typical summer week in
Roseworthy station using weather data simulated by WRF.
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During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 20.3-38.7 °C and
20.5-42.6 °Cin Kuitpo
and Roseworthy stations,
respectively.
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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
to be 0.6 °Cand 0.6 °Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 2.6 °C

and 1.6 °C in Kuitpo and
Roseworthy stations,
respectively.

(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 Kuitpo 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 an existing school under free-floating conditions during a typical summer week in Roseworthy station
using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Adelaide (i.e.
Kuitpo and Roseworthy) 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
8.9-18.3 °C in reference
scenario to a range 8.8-
18.3°Cin scenario 1 in
Kuitpo 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
typical winter week in Kuitpo station using annual measured weather data.

The indoor air temperature
is predicted to reduce
from a range 8.1-20.4 °C

in reference scenario to

a range 8.0-20.4 °Cin
scenario 1 in Roseworthy
station.

Temperature (°C)

25 -
— Indoor air temp-Reference scenario
Indoor air temp-Scenario 1
— Ambient temp.
20
15+
10 1
5 -
0 ¥ T T T T T T T X T T
& b o yb 0 b " pd @ y o & > yd
Date

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 Roseworthy 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 0.2 4

be just 0.3 °C in Kuitpo and

Roseworthy 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 school under free-floating conditions during a typical winter month in Kuitpo
station using annual measured weather data.
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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 an existing school under free-floating conditions during a typical winter month in
Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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 Total Operational Total
air temperature (<19 °C) hours* ota hours* ota
is predicted to slightly ,

. Kuitpo 313 707 316 712
increase from 707 hours

in reference scenario to Roseworthy 257 642 262 647
712 hours; and from 642

to 647 hours in scenario 1 * Operational hours of the building: Monday to Friday, 7 am-6 pm.

in Kuitpo and Roseworthy
stations, respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
313 hours in reference
scenario to 316 hours; and
from 257 to 262 hours

in scenario 1 in Kuitpo

and Roseworthy 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 temperature
. . scenario
air temperature (>26 °C) is
predicted to decrease from Kuitpo 288 275 200

285 hours in reference
scenario to 275 and 200 Roseworthy 371 358 316
hours under scenario 1
and 2, in Kuitpo station;
and from 371 hours

in reference scenario

to 358 and 316hours
under scenario 1 and 2
in Roseworthy 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
clearly 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 modest. The coating

cool roof is a clearly
feasible option leading to
significant reductions of life
cycle costs.

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 only
modest energy savings. The main features of the building's energy performance
both for Kuitpo and for Roseworthy weather conditions, are presented in Table 7.

Energy performance features of Building 12.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 74.4 89.2
Energy consumption after cool roof (MWh) 74.6 87.9
Energy savings (MWh) -0.20 1.3
Energy savings (%) -0.27% 1.46%
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 a marginal energy
requirements’ increase of 0,27% for the Kuitpo and a decrease of 1,46% for the
Roseworthy weather conditions. The value for Kuitpo however is in absolute terms
within the margin of simulation error and it therefore interesting to still examine the
feasibility.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 Jeads to areduction | Fegsibility analysis results
of life cycle costs, that
varies between 18,6%

. The feasibility analysis has been carried out by four methods, namely Net Present
for the low energy price

Value, Internal Rate of Return, Payback Period and Life Cycle Cost. Since the

scenario for Kuitpo implementation of cool roofs techniques is not a revenue generating investment,
and 22,7%f0/’ the high the determining factor is the Life Cycle Cost, in the sense that the solution that
energy scenario and for ensures its minimization is the most suitable one. As we are examining a retrofitting,
Roseworthy conditions. 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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 12 Adelaide

R rthvy High E Pri iy
DEEWD igh Energy Price 2 930
L YRV

due to its higher initial

modest energy savings,
feasbleonyfor the high %
energy prices scenario

for Roseworthy weather
conditions. H Ceating Cool Reof  mMetal Cool Roof M Do Nothing
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Figure 12. Life Cycle Costs for Building 12 for Kuitpo and Roseworthy weather 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 -7.55% -3.31% -4.43 % 9.69 %

Coating Cool Roof ~ 18.63 % 20.91 % 20.72 % 22.65%




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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
the existing school from 17.0-26.5 kWh/
m2 to 16.2-25.6 kWh/m?2. As computed,
the two summer months total cooling
load saving by building-scale application
of cool roofs is around 0.7-0.9 kWh/
m2. This is equivalent to approximately
3.4-4.2 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 4.4-5.2 kWh/m?2.
This is equivalent to 17.1-29.1 % 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 (0.3-0.8 kWh/m?) is
significantly lower than the annual
cooling load reduction (0.8-1.5 kWh/
m?2). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 3.3-4.3 %. The
annual total cooling and heating load

saving by building-scale application of
cool roofs ranges between 0.8-1.1 kWh/
m? (~0.0-1.8 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 20.3-38.7 °C and 20.5-
42.6 °C in Kuitpo and Roseworthy
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 0.6
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.6 and 1.6 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 18.9-
18.3 °C in reference scenario to a range
between 8.8-18.3 °C in reference with




cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8). Similarly, the
indoor air temperature is predicted to
reduce from a range between 8.1-20.4 °C
in reference scenario to a range between
8.0-20.4 °C in reference with cool roof
scenario (scenario 1) in Roseworthy
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 in Kuitpo and Roseworthy
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 707 hours in reference
scenario to 712 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight increase
in total number of hours below 19 °C
from 642 hours in reference scenario
to 647 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-Friday, 7am-6 pm) is expected
to slightly increase from 313 hours
in reference scenario to 316 hours in
scenario 1 in Kuitpo station. Similarly,
the calculation in Roseworthy station
shows a slight increase of number of
hours below 19 °C from 257 hours to
262 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 285 hours under
the reference scenario in Kuitpo station,
which slightly decreases to 275 and
200 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively.
The simulations in Roseworthy station
also illustrate a significant reduction
in number of hours above 26 °C from
371 hours in reference scenario to 358
in reference with cool roof scenario
(scenario 1) and 316 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 clearly 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 18,6% for the low energy price
scenario for Kuitpo and 22,7% for the
high energy scenario and for Roseworthy
conditions, as it can be seen in Table 2.
The metal cool roof is, due to its higher
initial investment cost and the modest
energy savings, feasible only for the high
energy prices scenario for Roseworthy
weather conditions. Building 12 is in that
sense a good example of a new, mid-rise
educational building, where the energy
conservation potential is modest. The
coating cool roof is a clearly feasible
option leading to significant reductions
of life cycle costs.
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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



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/

w N

(@)

Figure 1.
Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

CONTENTS

Sensible and total cooling load for two summer month

under three scenarios 3
Annual cooling and heating load under two scenarios 5
Indoor air temperature and ambient temperature for free-floating
condition during a typical warm period under three scenarios 6
Indoor air temperature and ambient temperature for free-floating
condition during a typical cold period under two scenarios 8
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 1
Conclusions 13
Spatial distribution of total cooling load for reference scenario for two summer months 4
Spatial distribution of total cooling load for reference with cool roof scenario (scenario 1)

for two summer months 4
Spatial distribution of total cooling load for cool roof with modified urban temperature
scenario (scenario 2) for two summer months 4
Indoor air temperature and ambient temperature for three scenarios during a typical
summer week in Kuitpo station 6
Indoor air temperature and ambient temperature for three scenarios during a typical
summer week in Roseworthy station 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 Kuitpo station 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 Roseworthy station 7
Indoor air temperature and ambient temperature for two scenarios during a typical

winter week in Kuitpo station 8
Indoor air temperature and ambient temperature for two scenarios during a typical

winter week in Roseworthy station 8
Indoor air temperature difference between reference scenario vs reference with cool

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

roof scenario (scenario 1) during a typical winter month in Roseworthy station 9
Life Cycle Costs for Building 13 for Kuitpo and Roseworthy stations 12



1

SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenario‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

e Stations Reference Scenario 1 Scenario 2
The bU//d/ng—scale 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
; il Sensible  Total Sensible  Total Sensible  Total

COO/H?g /00‘?' Of th_e e_‘XlSt”?g cooling cooling cooling cooling cooling cooling

low-rise office building with (kWh/m?)  (kWh/m?) (kKWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

roof/nsu/at/;)n from 16.0- ﬁge'g‘i‘tje 18.2 19.4 13.1 14.2 111 11.5

23.0 kWh/m?to 11.5-17.5 Irp

kWh/m?. Edinburgh 19.9 21.2 14.7 15.8 12.4 12.8
Kuitpo 14.8 16.0 10.4 11.5 8.0 83
Parafield 19.5 20.7 14.2 15.3 12.4 12.9
Roseworthy 22.0 23.0 16.5 17.5 14.7 15.0

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 io 2
around 4.5-5.5 kWh/m? ErsEia -y
which is equ/'va/ent to24.1- Sensible cooling  Total cooling Sensible cooling  Total cooling
28.3 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
Adelaide 5.1 280 52 269 7.1 390 7.9 40.8
Airport
X Edinburgh 5.2 26.3 5.4 25.3 7.5 37.7 8.3 39.4
For Scenario 2, the total :
COO//ng load SCIVing is Kuitpo 4.4 29.7 4.5 28.3 6.8 45.9 7.7 48.0
around 7.7-8.3 kWh/m? Parafield 5.2 26.9 5.4 25.9 7.0 36.2 7.8 37.6
which is equivalent to 34.6- Roseworthy 54 248 55 241 73 333 80 346
48.0 % of total cooling load
reduction.




In the eleven weather
stations in Adelaide,
both building-scale and Total Cooling
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. o L

5 e = T

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.
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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. 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
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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 low-rise office building with roof
insulation with weather data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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
using annual measured Annual Annual Annual Annual
weather data illustrates cooling load heating load cooling load heating load
. 2! 2] 2 21
that the annual heat/ng (kWh/m?2) (kWh/m?) (kWh/m?) (kWh/m?)
penalty (0_ 6-1.6 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total
is significantly lower than ﬁﬁ;‘g‘;‘tje 227 248 18 40 174 190 21 46
the annual cooling load :
reduction (4.9-9.0 kWh/mZ). Edinburgh 31.6 334 2.5 5.4 23.9 255 2.9 6.2
Kuitpo 16.6 17.3 3.4 7.8 11.8 12.4 4.1 9.4
Parafield 34.9 373 23 4.9 26.2 28.3 2.7 5.7
Roseworthy 33.7 35.2 3.1 6.5 25.8 27.1 3.5 7.4
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 an existing low-rise office building with
roof insulation using annual measured weather data for COP=1 for heating and cooling.
h / ling | Stations Annual Annual Annual total
The annual cooling load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 23' 7-28.5 0/0. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
Th | total cooli Adelaide 56 247 58 234 03 06 53 216 52 181
e annual total coo ing Airport : : : : : : : : : :

and heating load saving by
building-scale application

of cool roofs ranges
between 3.3-8.3 Parafield 87 248 9.0 241 04 07 8.3 223 83 19.5

Edinburgh 7.7 244 79 23.8 04 0.8 7.3 215 741 18.4

Kuitpo 4.8 291 49 285 0.7 1.6 4.1 206 3.3 13.2

kWh/m? (~732'795 %) Roseworthy 7.9 235 8.1 231 05 0.9 7.5 203 73 17.4
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
¢ Reference scenario, scenario 1, and scenario FLOAT”\IG COND|T|ON DUR”\IG A

2; estimated for weather stations presenting

the lowest and highest ambient temperatures TYP | CAI_ WAR I\/I P E Rl O D U N D E R TH R E E

in Adelaide (i.e. Kuitpo and Roseworthy) using

weather data simulated by WRF. S C E N A R | O SC
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16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

Temperature (°C)

For Scenario 2, the
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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 office building with roof insulation under free floating conditions during
a typical summer week in Kuitpo station using weather data simulated by WRF.
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13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy station.

Temperature (°C)
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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 Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 22.4-44.9 °C and
21.7-47.4.°C in Kuitpo
and Roseworthy 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 Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe4.5°Cand 3.9°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-
scale), the maximum
indoor temperature
reduction increases up to
6.1 and 4.8 °C in Kuitpo
and Roseworthy 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 low-rise office building with roof insulation under free-floating conditions during a typical
summer week in Roseworthy station using weather data simulated by WRF.
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INDOOR AIR TEMPERATURE AND
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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 Kuitpo 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 Roseworthy station using annual measured
weather data.



20
For Scenario 1, the average G .
maximum indoor air = . o .
temperature reduction by g .
building-scale application 315- o .t .
of cool roofs is predicted ° o g o Lu Y
to be just 1.9 °C and 1.7 °C s M T e DR L
in Kuitpo and Roseworthy § T = et '
stations, respectively. s 107 PR L

Eé* .

g

g

§

£

0.0 : . . , .
10 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 an existing low-rise office building with roof insulation under free-floating conditions
during a typical winter month in Kuitpo 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 Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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) is e Total P Total
predicted to increase from Kuitoo 539 595 74 636
595 hours in reference P
scenario to 636 hours and Roseworthy 176 516 210 560
from 516 to 560 hours
in scenario 1 in KUitpO * Operational hours of the building: Monday to Friday, 7 am-6 pm.
and Roseworthy stations,
respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
239 hours in reference
scenario to 274 hours; and
from 176 to 210 hours

in scenario 1 in Kuitpo
and Roseworthy 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
Du”ng a typ/ca/ 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 Kuitpo 459 373 308

decrease from 459 hours
in reference scenario to Roseworthy 493 428 385
373 and 308 hours under
scenario 1 and 2, in Kuitpo
station; and from 493
hours in reference scenario
to 428 and 385 hours
under scenario 1 and 2

in Roseworthy station,
respectively.
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Table 7.

ECONOMIC FEASIBILITY OF COOL ROOFS:
EVALUATION OF REFURBISHMENT

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 significant energy
losses and, consequently, in a respectively significant energy saving potential.
The main features of the building's energy performance both for Kuitpo and for
Roseworthy weather conditions, are presented in Table 7.

Energy performance features of Building 13.

Building 13 is in that
sense a good example

of an existing, low-rise
office building, with

a significant energy
conservation potential,
where the coating cool
roof techniques lead to
significant reductions of life
cycle cost, whilst the metal
cool roof is only feasible
for the more favourable
Roseworthy condlitions.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 241 40.0
Energy consumption after cool roof (MWh) 20.90 33.1
Energy savings (MWh) 3.2 6.9
Energy savings (%) 13.28% 17.25%
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 25 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 13,28%
for the Kuitpo weather conditions and of 17,25% for the Roseworthy 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 ‘Do Nothing’ approach
has clearly the higher
costs over the building’s
life cycle, compared to the
coating cool roof for both
locations and both energy
prices scenario, achieving
reductions of to 49,4%.

The metal cool roof is only
feasible for Roseworthy
conditions; marginally

for the low energy price
scenario and clearly for the
high one.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 13 Adelaide

241 915
Roseworthy High Encrgy Price 322,639
354,794
137,924
Rosewarthy Low Energy Price 188 355
185,071
' ) " 110,5/4
Kuitpo High Cnergy Price 270,20
218,332

96 941
Kultpo Low Energy Price 135,270
118,508

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

M Coating Cool Roof  mMetal Cool Roof B Do Nothing

Figure 12. Life Cycle Costs for Building 13 for Kuitpo and Roseworthy weather 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 -14.14 % -0.86 % 0.43 % 9.05 %
Coating Cool Roof ~ 18.20 % 49.36 % 27.05% 31.81 %
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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
Adelaide, 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 16.0-23.0 kWh/
m? to 11.5-17.5 kWh/m? . As computed,
the two summer months total cooling
load saving by building-scale application
of cool roofs is around 4.5-5.5 kWh/
m?. This is equivalent to approximately
24.1-28.3 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 7.7-8.3 kWh/m?2.
This is equivalent to 34.6-48.0 % 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 (0.6-1.6 kWh/m?) is
significantly lower than the annual
cooling load reduction (4.9-9.0 kWh/m2).
As calculated, the annual cooling load
saving by building-scale application of
cool roofs is around 23.1-28.5 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 3.3-8.3 kWh/

m?(~13.2-19.5 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 22.4-44.9 °C and 21.7-
47.4 °C in Kuitpo and Roseworthy
stations, respectively. When cool roofs
are applied at a building scale (scenario
1), the maximum indoor temperature
reduction is estimated to be 4.5 and 3.9
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 6.1 and 4.8 °C by com-bined building-
scale and urban-scale application of cool
roofs (scenario 2) in Observato-ry and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °Cin Roseworthy 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 10.9-
22.2 °C in reference scenario to a range
between  10.5-20.9 °C in reference
with cool roof scenario (scenario 1) in
Kuitpo station (See Figure 8). Similarly,




the indoor air temperature is predicted
to reduce from a range between 10.6-
23.7 °C in reference scenario to a range
between 10.1-23.0 °C in reference
with cool roof scenario (scenario 1) in
Roseworthy 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 1.9
°C and 1.7 °C in Kuitpo and Roseworthy
stations, respectively. Positively,
temperature decrease happens mainly
during the non-heating period when
in-door 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 595 hours in reference
scenario to 636 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight in-crease
in total number of hours below 19 °C
from 516 hours in reference scenario
to 560 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 239 hours in reference
scenario to 274 hours in reference
with cool roof scenario (scenario 1) in
Kuitpo station. Similarly, the calculation
in Roseworthy station shows a slight
increase of number of hours below 19 °C
from 176 hours to 210 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 459 hours under
the reference scenario in Observa-
tory  station, which  significantly
decreases to 373 and 308 hours under
the reference with cool roof scenario
(scenario 1) and cool roof and modified
urban temperature scenario (scenario
2), respectively. The simulations in
Roseworthy station also illustrate a
significant reduc-tion in number of
hours above 26 °C from 493 hours in
reference scenario to 428 in ref-erence
with cool roof scenario (scenario 1) and
385 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 low-
rise building with roof insulation, the
‘Do Nothing' approach has clearly the
higher costs over the building's life
cycle, compared to the coating cool
roof for both locations and both energy
prices scenario, achieving reductions
of to 49,4%. The metal cool roof is only
feasible for Roseworthy conditions;
marginally for the low energy price
scenario and clearly for the high one, as
it can be seen in Table 8. Building 13 is in
that sense a good example of an existing,
low-rise office building, with a significant
energy conservation potential, where
the coating cool roof techniques lead to
significant reductions of life cycle cost,
whilst the metal cool roof is only feasible
for the more favourable Roseworthy
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
9 Reference scenario, scenario 1, and scenario 2; FOR TWO SUMMER MONTHS UNDER

estimated for eleven weather stations in Adelaide

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

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.

T Stations Reference Scenario 1 Scenario 2
The bU//d/ng—scale 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
; et Sensible  Total Sensible  Total Sensible  Total

CO_O/’”g /oad. Of th? e)f/st/ng cooling cooling cooling cooling cooling cooling

high-rise office building (kWh/m?)  (kWh/m?) (kKWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

with roof/nsu/atl?n from paclaide 14.5 157 136 148 1.5 1.9

12.7-19.0 kWh/m? to 11.9- Irpor

18.0 kWh/m?. Edinburgh 16.2 17.3 15.2 16.4 12.8 13.3
Kuitpo 11.6 12.7 10.8 11.9 8.2 8.5
Parafield 15.7 16.9 14.8 15.9 12.9 13.4
Roseworthy 18.0 19.0 17.0 18.0 15.1 15.5

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 is scenario (Scenario 1) temperature scenario
> (Scenario 2)
around 0.8-1.0 kWh/m
which is equ/'va/ent to 5.3- Sensible cooling  Total cooling Sensible cooling  Total cooling
6.3 % total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 0.9 6.2 0.9 6.0 3.0 207 37 23.9
irport
. Edinburgh 0.9 5.8 1.0 55 3.3 20.7 4.1 23.4
For Scenario 2, the total :
cooling load saving is Kuitpo 0.8 6.8 0.8 6.3 34 29.5 4.2 33.2
around 3.5-4.2 kWh/m? Parafield 0.9 5.9 1.0 5.7 2.9 182 35 20.7
which is equivalent to 18.5- Roseworthy ~ 10 54 10 53 30 164 35 185
33.2 % of total cooling load
reduction.




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.

Total Cooling

o T i i X ~_Rartiey

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.

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‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 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 and scenario Reference with
heating simulation using cool roof scenario
GI’)HUQ/ measured weather Annual Annual Annual Annual
ata I1llustrates a e cooling load heating load cooling load heating load
data illustrates that th g g g g
annual heat/ngpenalty (kWh/m?2) (kWh/m?) (kWh/m?) (kWh/m?)
(0_ 1-0.3 kWh/mZ) is lower Sensible Total Sensible Total Sensible Total Sensible Total
than the annual cooling ﬁﬁ;‘g‘i‘tje 186 205 09 22 177 195 09 23
load reduction (0.8-1.5
kWh/mZ) Edinburgh 25.7 27.3 1.3 34 24.4 25.9 1.4 3.6
Kuitpo 12.6 13.2 2.0 5.5 11.8 124 2.2 5.8
Parafield 28.2 304 1.2 3.1 26.7 28.8 1.3 3.2
Roseworthy 27.3 28.6 1.8 4.5 25.9 27.2 1.9 4.6
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.
h / ling | Stations Annual Annual Annual total
The annual cooling load cooling load heating load cooling & heating load
saving by building-scale saving penalty saving
application of cool roofs is
GI’OUI’)d 4' 8-6.3 %. Sensible Total Sens. Total Sensible Total
kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
Th | total cooli Adelaide 09 50 10 48 00 01 09 46 09 39
e annual total coo ing Airport : : : : : . : : : :

and heating load saving by
building-scale application
of cool roofs ranges
between 0.5-1.4 Parafield 15 52 15 50 01 01 14 47 14 42

kWh/m? (~2 9-4.2 %) Roseworthy 1.3 4.9 1.4 4.8 0.1 0.2 1.3 4.3 1.2 3.7

Edinburgh 1.3 5.1 1.3 4.9 0.1 0.1 1.2 4.6 1.2 3.9

Kuitpo 0.8 6.4 0.8 6.3 0.1 0.3 0.7 4.6 0.5 2.9




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) 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
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 high-rise office building with insulation under free floating conditions during a
typical summer week in Kuitpo station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 high-rise office building with insulation under free floating conditions during a
typical summer week in Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 24.3-41.7 °C and
24.0-44.4 °C in Kuitpo
and Roseworthy 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 an existing high-rise office building with insulation under free-floating conditions during a typical
summer week in Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 0.9°Cand 0.8°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-
scale), the maximum
indoor temperature
reduction increases up to
2.9 and 1.7 °C in Kuitpo
and Roseworthy 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 high-rise office building with insulation under free-floating conditions during a typical
summer week in Roseworthy station using weather data simulated by WRF.



d Reference scenario and scenario; estimated

for weather stations presenting the lowest and

highest ambient temperatures in Adelaide (i.e.

Kuitpo and Roseworthy) 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 13.0
and 21.5 °C in reference
scenario to a range
between 12.9 and 21.3
°C in scenario 1 in Kuitpo
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 office building with insulation under
free-floating condition during a typical winter week in Kuitpo station using annual measured weather data.

The indoor air temperature
is predicted to reduce

from a range between 12.8
and 23.5°C in reference
scenario to a range
between 12.7 and 23.4 °C
in scenario 1 in Roseworthy
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 office building with insulation under
free-floating condition during a typical winter week in Roseworthy 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 high-rise office building without insulation under free-floating conditions during
a typical winter month in Kuitpo 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 Roseworthy station using annual measured weather data.



5

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

temperatures in Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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 Total Operational Total
air temperature (<19 °C) hours* ota hours* ota
is predicted to slightly ,

) . Kuitpo 212 531 216 540
increase from 531 hours in

reference scenario to 540 Roseworthy 143 435 146 442
and hours and from 435

to 442 hours in scenario 1 * Operational hours of the building: Monday to Friday, 7 am-6 pm.

in Kuitpo and Roseworthy
stations, respectively.

The number operational
hours with air temperature
<19 °C during is expected
to slightly increase from
212 hours in reference
scenario to 216 hours; and
from 143 to 146 hours

in scenario 1 in Kuitpo

and Roseworthy 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 decrease from Kuitpo = = 5

518 hours in reference
scenario to 501 and 412 Roseworthy 552 541 495
hours under scenario 1
and 2, in Kuitpo station;
and from 552 hours

in reference scenario

to 541 and 495 hours
under scenario 1 and 2
in Roseworthy 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
clearly the higher cost over
the building’s life cycle,
compared to the coating
cool roof options.

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 and appealing
investment under all
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 modest energy saving potential. The main
features of the building's energy performance both for Kuitpo and for Roseworthy
weather conditions, are presented in Table 7.

Energy performance features of Building 14.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 89.8 158.9
Energy consumption after cool roof (MWh) 87.4 152.6
Energy savings (MWh) 2.4 6.3
Energy savings (%) 2.67% 3.96%
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 25 2.5
Existing roof's renovation costs (AU$/m?) 15.0 15.0

The metal cool roof is only
feasible for Roseworthy
conditions, but due to its
high initial investment cost
it is less appealing as an
investment.

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 modest energy savings
of 2,67% for the Kuitpo weather conditions and of 3,96% for the Roseworthy
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 21,5%

for the low energy price
scenario and for Kuitpo
and 25,6% for the high
energy scenario and for
Roseworthy conditions.

The metal cool roof is only
feasible for Roseworthy
conditions and marginally
so for Kuitpo conditions
and the high energy prices
scenario.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 14 Adelaide

1 023 198
Roseworthy High Energy Price 1,331,213

1,374.918
. 547,036
Roseworthy Low Energy Price 709,931
716,742
597,520
Kuitpo High Energy Price TR1,524
7R2,039

321,858
Kuitpo Low Encrgy Price 425,609
410,081

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

B Coating Cool Roof  EMetal Coal Roaf B Do Nathing

Figure 12. Life Cycle Costs for Building 14 for Kuitpo and Roseworthy weather 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 -3.79% 0.07 % 0.95 % 3.18%
Coating Cool Roof ~ 21.51 % 23.59 % 24.38 % 25.58 %
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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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of the
existing high-rise office building from
12.7-19.0 kWh/m? to 11.9-18.0 kWh/m?2.
As computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
0.8-1.0 kWh/m?. This is equivalent to
approximately 5.3-6.3 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 3.5-4.2 kWh/m?.
This is equivalent to 18.5-33.2 % 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 (0.8-1.5 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 4.8-6.3 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 0.5-1.4 kWh/
m?(~2.9-4.2 %) (See Table 3 and 4).

* During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 24.3-41.7 °C and 24.0-
444 °C in Kuitpo and Roseworthy
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 0.8
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 2.9 and 1.7 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 3.0 and
21.5°C in reference scenario to a range
between 12.9 and 21.3 °C in reference
with cool roof scenario (scenario 1) in
Kuitpo station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 12.8 and 23.5 °C in reference
scenario to a range between 12.7 and
23.4 °C in reference with cool roof
scenario (scenario 1) in Roseworthy
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 in Kuitpo and Roseworthy 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 531 hours in reference
scenario to 540 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight increase
in total number of hours below 19 °C
from 435 hours in reference scenario
to 442 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 212 hours in reference
scenario to 216 hours in reference
with cool roof scenario (scenario 1) in
Kuitpo station. Similarly, the calculation
in Roseworthy station shows a slight
increase of number of hours below 19°C
from 143 hours to 146 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 518 hours under
the reference scenario in Observa-
tory  station, which  significantly
decreases to 501 and 412 hours under
the reference with cool roof scenario
(scenario 1) and cool roof and modified
urban temperature scenario (scenario
2), respectively. The simulations in
Roseworthy station also illustrate a
significant reduc-tion in number of
hours above 26 °C from 552 hours in
reference scenario to 541 in ref-erence
with cool roof scenario (scenario 1) and
495 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 clearly
the higher cost over the building's life
cycle, compared to the coating cool roof
options, which leads to a reduction of life
cycle costs, that varies between 21,5%
for the low energy price scenario and
for Kuitpo and 25,6% for the high energy
scenario and for Roseworthy conditions.
The metal cool roof is only feasible for
Roseworthy conditions and marginally
so for Kuitpo conditions and the high
energy prices scenario. 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 and appealing investment under
all conditions; the metal cool roof is only
feasible for Roseworthy conditions, but
due to its high initial investment cost it is
less appealing as an investment.
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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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SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

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
; 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?)
Ce;'ltre from 60.3-70.5 kZWh/ ﬁde'ai‘tje 60.8 65.2 52.7 57.0 49.0 50.6
m?to 52.3-62.5 kWh/m?. Irpor
Edinburgh 63.6 67.6 55.7 59.6 51.3 52.6
Kuitpo 54.9 60.3 47.0 52.3 42.3 44.1
Parafield 62.9 66.9 54.9 58.8 51.6 53.2
Roseworthy 67.6 70.5 59.7 62.5 56.0 57.1

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) temperature scenario
S io 2
around 8.0-8.2 kWh/m? B 2
which is equiva/ent to 11.4- Sensible cooling  Total cooling Sensible cooling  Total cooling
13.3 % of total cooling load KWh/m? % kWh/m? % KWh/m2 % kWh/m? %
reduction. i
ﬁ.de'a'de 8.1 133 82 126 118 193 146 224
irport
. Edinburgh 7.9 12.4 8.0 11.8 12.3 19.3 15.0 22.2
For Scenario 2, the total :
Coo/ing /OGO’ SGVing is Kuitpo 7.8 14.3 8.0 13.3 12.5 22.9 16.3 27.0
around 13.4-16.3 kWh/m? Parafield 8.0 127 8.1 122 113 179 137 205
which is equivalent to 19.1- Roseworthy 79 117 80 114 116 172 134 191
27.0 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,

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.

Total Cooling

] P ST

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.

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.
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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 low-rise shopping mall centre with
weather data simulated by WRF for COP=1 for heating and cooling.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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.

h / Ji Stations Reference Scenario 1

The annual coo Ing scenario Reference with

and heating simulation cool roof scenario

using annual measured Annual Annual Annual Annual

weather data illustrates cooling load heating load cooling load heating load

. 2! 2] 2 21

that the annual heat/ng (kWh/m?2) (kWh/m?) (kWh/m?) (kWh/m?)

penalty (0.3-0.8 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total

is significantly lower than ﬁﬁ;‘g‘;‘tje 1376 1513 1.5 43 1183 1317 16 46

the annual cooling load :

reduction (18.2-22.0 kWh/ Edinburgh 150.3 160.8 2.1 6.7 1304 1405 23 7.1

mz), Kuitpo 98.1 107.7 2.7 9.4 80.3 89.4 2.9 10.2
Parafield 159.6 1726 2.0 6.0 138.0 1506 2.1 6.4
Roseworthy 1504 1595 29 8.7 131.0 139.8 3.0 9.2

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.
h / ling | Stations Annual Annual Annual total

The annual cooling load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 72'3_ 1 6.9 0/0. Sensible Total Sens. Total Sensible Total

kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
h | total cooli Adelaide 193 140 197 130 01 03 192 138 194 125
The annual total cooling Airport : : : : : - : . - :

and heating load saving by
building-scale application
of cool roofs ranges
between 17.4-21.6 kWh/m? Parafield 21.6 135 22.0 127 0.1 04 214 133 216 121

'~ 0
( 11.4-14.9 /7) Roseworthy 194 129 197 123 0.2 0.5 19.2 125 192 114

Edinburgh 199 133 202 126 0.1 0.4 19.8 13.0 19.8 11.9

Kuitpo 178 181 182 169 0.2 0.8 176 175 174 149
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INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-
s st monemerg. FLOATING CONDITION DURING A

the lowest and highest ambient temperatures TYP | CAL WAR I\/I P E Rl O D U N D E R TH R E E

in Adelaide (i.e. Kuitpo and Roseworthy) using
weather data simulated by WRF. S C E N A R | O SC

70
During a typical summer 65 R S
week, the ambient air o] e e S|

. . —indoor Scanario 2

temperature is predicted 1 e

85 |7 ambient temp-Reference Scenanio & soenand 1
to decrease from a range ]

50 Ambuent lamp-Seenario 2

16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

4

45+

Temperature (°C)

For Scenario 2, the
estimated ambient
temperature reduction is

0.3-3.2 °C compared to ]
the reference scenario in 10 —_— T T T
Kuitpo station. of® g% \ﬁ.;e.‘o *\Nqéﬂ ,\qﬁ@ ’&?@a «b«"‘e‘o
Date
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 Kuitpo 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 shopping mall centre under free floating conditions during a typical
summer week in Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 22.5-49.1 °C and
21.3-53.1 °C in Kuitpo
and Roseworthy stations,
respectively.

Reference scenario vs scenario 1
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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 shopping mall centre under free-floating conditions during a typical summer

week in Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 2.4°Cand 2.6 °Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 4.2 °C

and 3.6 °C in Kuitpo and
Roseworthy 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) an existing new low-rise shopping mall centre under free-floating conditions during a typical summer
week in Roseworthy station using weather data simulated by WRF.
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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-
floating condition during a typical winter week in Kuitpo 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 shopping mall centre under free-
floating condition during a typical winter week in Roseworthy 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 1.3°Cand 1.2 °C
in Kuitpo and Roseworthy
stations, respectively.

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

10 30

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 low-rise shopping mall centre under free-floating conditions during a typical
winter month in Kuitpo 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-Referance 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 an existing low-rise shopping mall centre under free-floating conditions during a typical
winter month in Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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 — .
. perational Total Operational Total
air temperature (<19 °C) hours* hours*
is predicted to slightly ‘
Kuitpo 112 452 116 457

increase from 452 hours
in reference scenario to Roseworthy 84 392 86 398
457 hours, and from 392
to 398 hours in scenario 1
in Kuitpo and Roseworthy
stations, respectively.

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

The number operational
hours with air temperature
<19 °C during slightly
increase from 112 hours

in reference scenario
compared to 116 hours in
scenario 1 in Kuitpo, and
from 84 to 86 hours in

Roseworthy 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 Kuitpo 195 i o

decrease from 498 hours
in reference scenario to Roseworthy 513 496 467
478 and 424 hours under
scenario 1 and 2 in Kuitpo
station; while decreases
from 513 hours to 496 for
scenario 1 and to 467 for
scenario 2 in Roseworthy
station.
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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 15 is a very good
example of a how in a
low-rise building, even

if its roof is insulated,

the energy conservation
potential makes both cool
roof techniques feasible
investment, the coating
roof being the more
appealing investment over
the building’s life cycle.

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 important energy
losses and, consequently, an important energy saving potential. The main features
of the building's energy performance both for Kuitpo and for Roseworthy weather
conditions, are presented in Table 7.

Energy performance features of Building 15.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 103.0 148.0
Energy consumption after cool roof (MWh) 87.6 131.1
Energy savings (MWh) 15.4 16.9
Energy savings (%) 14.95% 11.42%
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 25 25
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 significant energy savings
for both locations, namely 14,95% for Kuitpo and 11,42% for the Roseworthy
weather 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 9,8% for the
metal roof, the low energy
price scenario and 33,5%
for the cool coating for
Kuitpo 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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 15 Adelaide

878,847
1,144,548

Roseworthy High Energy Price
1,780,433

Abb, 3/
Roseworthy Low Energy Price 611,670
667,106
i 594 729
Kuilpo High Energy Price 777,692
254,333
319,378
Kuitpo Low Energy Imoe 421,846
AG7,699

1] 200,000 400,000 600,000 B00,000 1,000,0001.200,0001,400,000

B Coating Cool Root  EMetal Cool Root B Do Nothing

Figure 12. Life Cycle Costs for Building 15 for Kuitpo and Roseworthy weather 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 9.80 % 13.04 % 8.36 % 10.61 %
Coating Cool Roof  31.71 % 33.49 % 30.12 % 31.36 %
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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 existing low-rise shopping mall
centre during the summer season.

* In the eleven weather stations in
Adelaide, 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 60.3-70.5 kWh/m? to 52.3-62.5
kWh/m?2. As computed, the two summer
months total cooling load saving by
building-scale  application of cool
roofs is around 8.0-8.2 kWh/m?2. This is
equivalent to approximately 11.4-13.3 %
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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 13.4-16.3 kWh/
m?. This is equivalent to 19.1-27.0 % 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 (0.3-0.8 kWh/m?) is
significantly lower than the annual
cooling load reduction (18.2-22.0 kWh/
m?). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 12.3-16.9 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 17.4-21.6
kWh/m? (~11.4-14.9 %) (See Table 3 and
4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 22.5-49.1 °C and 21.3-
53.1 °C in Kuitpo and Roseworthy
stations, respectively. When cool roofs
are applied at a building scale (scenario
1), the maximum indoor temperature
reduction is estimated to be 2.4 and 2.6
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 4.2 and 3.6 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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-
25.1 °C in reference scenario to a range
between 11.1-24.2 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8). Similarly, the
indoor air temperature is predicted




to reduce from a range between 10.9-
26.5 °C in reference scenario to a range
between 10.8-25.9 °C in reference
with cool roof scenario (scenario 1) in
Roseworthy 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 1.3
°C and 1.2 °C in Kuitpo and Roseworthy
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 452 hours in reference
scenario to 457 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight increase
in total number of hours below 19 °C
from 392 hours in reference scenario
to 398 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
112 hours in reference scenario to
116 hours in reference with cool roof
scenario (scenario 1) in Kuitpo station.
Similarly, the calculation in Roseworthy
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 498 hours under
the reference scenario in Kuitpo
station, which decreases to 478 and
424 hours under the reference with
cool roof scenario (scenario 1) and cool
roof and modified urban temperature
scenario (scenario 2), respectively. The
simulations in Roseworthy station show
that the number of hours above 26 °C
decreases from 513 to 496 and 467
hours for scenario 1 and 2, respectively
(See Table 6).

* Asitcan 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 9,8% for the
metal roof, the low energy price scenario
and 33,5% for the cool coating for Kuitpo
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 both cool
roof techniques feasible investment, the
coating roof being the more appealing
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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1

SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

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
; fetl Sensible  Total Sensible  Total Sensible  Total
CO_O/’”g load Of Q” €XISl'II’Ig cooling cooling cooling cooling cooling cooling
high-rise shopping mall (kWh/m?)  (kWh/m?) (kKWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)
Ce!' tre from 55.2-65.1 kZWh/ ﬁde'ai‘tje 55.6 60.0 53.1 57.5 49.4 51.0
m?to 52.8-62.7 kWh/m?. Irpor
Edinburgh 58.4 62.4 56.1 60.0 51.6 53.0
Kuitpo 49.8 55.2 47.5 52.8 42.4 44.2
Parafield 57.7 61.7 55.3 59.2 52.0 53.6
Roseworthy 62.2 65.1 59.8 62.7 56.1 57.2

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.

. 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 2.4-2.5 kWh/m? B 2
which is equiva/ent to 3.7- Sensible cooling  Total cooling Sensible cooling  Total cooling
4.3 % of total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 2.4 4.4 25 41 6.2 111 89 14.9
irport
. Edinburgh 2.4 4.0 2.4 3.8 6.8 11.7 9.5 15.1
For Scenario 2, the total :
Cooling /OGO’ SGVing is Kuitpo 2.3 4.7 2.4 4.3 7.4 14.8 11.0 19.9
around 7.9-11.0 kWh/m? Parafield 2.4 42 24 4.0 5.7 9.9 8.1 13.1
which is equivalent to 12.1- Roseworthy ~ 24 38 24 37 61 98 79 121
19.9 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,

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.

Total Cooling

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.

Total Coaling
KWhim2

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.



b Reference scenario aljd chnar\o 1‘; estmated A N N UA |_ C O O |_| N G A N D H EAT| N G LOA D
et 0 UNDER TWO SCENARIOS?

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.

h / Ji Stations Reference Scenario 1

The annual coo Ing scenario Reference with

and heating simulation cool roof scenario

using annual measured Annual Annual Annual Annual

weather data illustrates cooling load heating load cooling load heating load

. 2! 2] 2 21

that the annual heat/ng (kWh/m?2) (kWh/m?) (kWh/m?) (kWh/m?)

penalty (0_ 1-0.2 kWh/mZ) Sensible Total Sensible Total Sensible Total Sensible Total

is significantly lower than ﬁﬁ;‘g‘;‘tje 1267 1405 09 30 1213 1350 10 3.1

the annual cooling load :

reduction (5.1-6.3 kWh/mZ). Edinburgh 137.7 1482 14 4.9 1321 1424 15 5.1
Kuitpo 85.9 95.4 1.9 7.4 80.9 90.2 2.0 7.6
Parafield 1456 1586 1.4 4.5 139.5 1523 1.4 4.6
Roseworthy 1363 1454 21 7.0 130.8 1399 22 7.1

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 shopping mall centre using annual
measured weather data for COP=1 for heating and cooling.
h / ling | Stations Annual Annual Annual total

The annual cooling load cooling load heating load cooling & heating load

saving by building-scale saving penalty saving

application of cool roofs is

GI’OUI’)d 3' 8-5.4 %. Sensible Total Sens. Total Sensible Total

kWh/m? % kWh/m? % kWh/m? kWh/m? % kWh/m? %
h | total cooli Adelaide 54 43 55 39 00 01 54 42 54 38
The annual total cooling Airport : : : : : - - : - :

and heating load saving by
building-scale application
of cool roofs ranges
between 4.9-6.2 kWh/m? Parafield 62 42 63 40 00 0.1 6.1 42 62 38

~ 0
( 3.5-4.8 /7) Roseworthy 55 4.0 5.5 3.8 0.0 0.1 5.4 3.9 5.4 3.5

Edinburgh 5.6 4.1 5.7 3.9 0.0 0.1 5.6 4.0 5.6 3.7

Kuitpo 5.0 5.8 5.1 5.4 0.1 0.2 5.0 5.6 4.9 4.8




¢ Reference scenario, scenario 1, and scenario
2; estimated for weather stations presenting
the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) using
weather data simulated by WRF.

3

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-

FLOATING

CONDITION DURING A

TYPICAL WARM PERIOD UNDER THREE

SCENARIO

SC

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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 high-rise shopping mall centre under free floating conditions during a typical
summer week in Kuitpo station using weather data simulated by WRF.

For scenario 2, the ambient
temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy
station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 high-rise shopping mall centre under free floating conditions during a typical
summer week in Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 23.8-47.6 °C and
22.9-51.9 °Cin Kuitpo
and Roseworthy 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 Kuitpo station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
to be 0.8°Cand 0.8°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 3.0 °C

and 1.8 °C in Kuitpo and
Roseworthy 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 Roseworthy station using weather data simulated by WRF.



d Reference scenario and scenario; estimated
for weather stations presenting the lowest and
highest ambient temperatures in Adelaide (i.e.
Kuitpo and Roseworthy) using annual measured
weather data.
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INDOOR AIR
AMBIENT TE

TEMPERATURE AND
MPERATURE 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 12.3-24.5°Cin
reference scenario to
arange 12.3-24.3 °C

in scenario 1 in Kuitpo
station.

35

30+

1 |7 Ambient temp.

Indoor air temp-Reference scenario
Indoor air temp-Scenario 1

254

20+

15 1

Temperature (°C)

10

oM

o b RS b

T T T T T T T T T T
AN » L 5 A> »
Date

Ak W

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 Kuitpo station using annual measured weather data.

The indoor air temperature
is predicted to reduce
from a range 12.6-26.0

°C in reference scenario
toarange 12.6-25.9°Cin
scenario 1 in Roseworthy
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 Roseworthy 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 0.5 °C in Kuitpo and
Roseworthy 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

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

winter month in Kuitpo 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 Roseworthy station using annual measured weather data.



€ For free-floating condition in weather stations

presenting the lowest and highest ambient
temperatures in Adelaide (i.e. Kuitpo and

5

NUMBER OF HOURS WITH INDOOR AIR

TEMPERATURE BELOW 19°C DURING
A TYPICAL COLD PERIOD AND ABOVE

Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAL WAR M P E R | O De

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 404 in the
reference scenario to 405
hours in Scenario 1 in
Kuitpo; and from 340 to
342 hours in Roseworthy
stations, respectively.

Stations Reference Scenario 1
scenario Reference with
cool roof scenario
Operational Operational
hours* Total hours* Total
Kuitpo 104 404 104 405
Roseworthy 70 340 71 342

The number operational
hours with air temperature
<19 °C during slightly
increase from 70 hours

in reference scenario
compared to 71 hours in
scenario 1 in Roseworthy
station.

* 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 slightly
decrease from 538 hours
in reference scenario to
485 hours under scenario
2 in Kuitpo station; while
decreases from 546 hours
to 541 for scenario 1 and
to 525 for scenario 2 in
Roseworthy station.

Stations Reference Scenario 1 Scenario 2
scenario Reference with Cool roof with
cool roof scenario modified urban
temperature
scenario
Kuitpo 538 538 485
Roseworthy 546 541 525
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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
moderate energy
conservation potential, the
coating cool roof is a highly
feasible investment over
the building’s life cycle.

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 only
and, consequently, lead to a modest energy saving potential. The main features
of the building's energy performance both for Kuitpo and for Roseworthy weather
conditions, are presented in Table 7.

Energy performance features of Building 16.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 271.4 402.3
Energy consumption after cool roof (MWh) 258.2 388.1
Energy savings (MWh) 13.2 14.2
Energy savings (%) 4.86% 3.53%
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 25 25
Existing roof's renovation costs (AU$/m?) 15.0 15.0

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.

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 similar, modest energy
savings for both locations, namely of 4,86% for Kuitpo and of 3,53% for the
Roseworthy weather 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.



There is a reduction of

life cycle costs over the
building’s life cycle, that
varies for the coating cool
roof between 3,5% for the
low energy price scenario,
the metal cool roof and the
Roseworthy conditions and
26,2% for the high energy
scenario, the coating cool
roof and Kuitpo.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 16 Adelaide

1 334 SE8

Roseworthy High Energy Price 1,732,688
1,795,974

Rosewort i Low Energv Price 1,/33,b53
'1,745,574

. 1 710,348
Kultpo High Energy Price 2,217,736
2,4p0,763
A9f,397

Kultpo Low Energy Price 1,166,697

1,215,048

0 500,000

1,000,000 1,500,000 2,000,000 2,500,000

B Coating Conl Roof @ Metal Conl Roof B Do Nothing

Figure 12. Life Cycle Costs for Building 16 for Kuitpo and Roseworthy weather stations.

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

The metal cool roof
is feasible, although
less appealing as an
investment.

Reduction of Life  Observatory Richmond
Cycle Costs
Low Energy High Energy  Low Energy High Energy
Price Price Price Price
Metal Cool Roof 3.98 % 4.44 % 3.47 % 3.52 %
Coating Cool Roof ~ 26.23 % 26.30 % 25.64 % 25.69 %
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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 an existing high-rise shopping mall
centre during the summer season.

* In the eleven weather stations in
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
the low-rise office building from 55.2-
65.1 kWh/m? to 52.8-62.7 kWh/m?. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
2.4-2.5 kWh/m2. This is equivalent to
approximately 3.7-4.3 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 7.9-11.0 kWh/
m2. This is equivalent to 12.1-19.9 % 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 (0.1-0.2 kWh/m?) is
significantly lower than the annual
cooling load reduction (5.1-6.3 kWh/
m?2). As calculated, the annual cooling
load saving by building-scale application
of cool roofs is around 3.8-5.4 %. The
annual total cooling and heating load
saving by building-scale application of
cool roofs ranges between 4.9-6.2 kWh/
m2 (~3.5-4.8 %) (See Table 3 and 4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature ofthereference scenario
ranges between 23.8-47.6 °C and 22.9-
51.9 °C in Kuitpo and Roseworthy
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 0.8
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 3.0 and 1.8 °C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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-
24.5 °C in reference scenario to a range
between 12.3-24.3 °C in reference with
cool roof scenario (scenario 1) in Kuitpo
station (See Figure 8).




Similarly, the indoor air temperature
is predicted to reduce from a range
between 12.6-26.0 °C in reference
scenario to a range between 12.6-25.9
°C in reference with cool roof scenario
(scenario 1) in Roseworthy 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 0.5
°C in Kuitpo and Roseworthy 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 404 hours in reference
scenario to 405 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slight increase
in total number of hours below 19 °C
from 340 hours in reference scenario
to 342 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 70 hours in reference scenario
to 71 hours in reference with cool roof
scenario (scenario 1) in Roseworthy
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 538 hours under
the reference scenario in Kuitpo
station, which decreases to 485 hours
under the modified urban temperature
scenario (scenario 2). The simulations
in Roseworthy station show that the
number of hours above 26 °C decreases
from 546 to 541 and 525 hours for
scenario 1 and 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 reduction
of life cycle costs over the building's life
cycle, that varies for the coating cool
roof between 3,5% for the low energy
price scenario, the metal cool roof and
the Roseworthy conditions and 26,2%
for the high energy scenario, the coating
cool roof and Kuitpo, as it can be seen
in Table 8. 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. The metal cool
roof is feasible, although less appealing
as an investment. 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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SENSIBLE AND TOTAL COOLING LOAD
a R§ference scenario, scenario 1, énd s‘cenar\'o‘z; FO R TWO S U M M E R M O N TH S U N D E R
et 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.

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
COO/mg load Ofa hew cooling cooling cooling cooling cooling cooling
standalone house from (kWh/m?)  (kWh/m?) (kKWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)
_ 2 _ ;
9.0-12.3 kWh/m? to 6.0-9.4 Adelaide 97 107 . . . 58
kWh/m?Z. Airport
Edinburgh 10.7 11.7 7.6 8.4 6.2 6.4
Kuitpo 7.9 9.0 5.1 6.0 3.9 4.1
Parafield 10.4 11.4 7.3 8.1 6.2 6.5
Roseworthy 11.6 12.3 8.8 9.4 7.6 7.7

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.

. 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 2.9-3.3 kWh/m? B 2
which is equiva/ent to 23.7- Sensible cooling  Total cooling Sensible cooling  Total cooling
33.9 % of total cooling load KWh/m? % KWh/m? % KWh/m? % KWh/m? %
reduction. i
ﬁ.de'a'de 3.1 319 33 304 42 435 50 46.5
irport
. Edinburgh 3.1 29.2 33 27.9 4.5 42.1 52 45.0
For Scenario 2, the total :
cooling load saving is Kuitpo 2.8 35.7 3.0 33.9 4.0 51.0 4.9 54.9
around 4.6-5.2 kWh/m? Parafield 3.1 300 33 288 42 402 49 42.8
which is equivalent to 37.1- Roseworthy 28 245 29 237 41 349 46 37
54.9 % total cooling load
reduction.




In the eleven weather
stations in Adelaide,

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.

R T

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.

Total Cooling
KWhimz2

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.



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

ANNUAL COOLING AND HEATING LOAD
UNDER TWO SCENARIOS?

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.

The annual cooling and
heating simulation using
annual measured weather
data illustrates that the
annual heating penalty
(1.4-2.7 kWh/m?) is lower

than the annual cooling

load reduction (3.3-5.9
kWh/m?).

Stations Reference Scenario 1

scenario Reference with

cool roof scenario

Annual Annual Annual Annual

cooling load heating load cooling load heating load

(kWh/m?) (kWh/m?) (kWh/m?) (kWh/m?)

Sensible Total Sensible Total Sensible Total Sensible Total
Adelaide
Airport 131 15.3 13.7 17.0 8.9 10.6 14.9 18.3
Edinburgh 17.0 18.9 17.4 21.4 12.0 13.5 18.8 23.0
Kuitpo 7.4 8.3 24.0 29.8 4.4 5.0 26.4 32.5
Parafield 18.4 20.9 16.4 20.2 12.9 15.0 17.8 21.8
Roseworthy 16.4 17.9 21.3 26.2 12.0 133 22.7 27.8

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 25.8-40.0 0/0. Sensible Total Sens. Total Sensible Total
KWh/m? % KWh/m? % KWh/m? KWh/m? % kWh/m?2 %
. Adelaide 5 5 5 5
The annual total Coo/lng Airport 4, 320 4.7 30.7 1. 1.4 3.0 11. 33 10.3
and heat/ng load saving by Edinburgh 50 296 54 284 14 16 37 107 38 94
building-scale application :
Of COO/ I"OOfS ranges Kuitpo 3.0 403 33 40.0 24 2.7 0.6 2.0 0.6 1.7
between 0.6-4.3 kWh/m? Parafield 55 300 59 283 14 16 42 119 43 105
(~77'7O5 %) Roseworthy 4.4 26.8 4.6 258 14 1.6 3.0 8.0 3.0 6.9




¢ Reference scenario, scenario 1, and scenario

3

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

2; estimated for weather stations presenting

the lowest and highest ambient temperatures
in Adelaide (i.e. Kuitpo and Roseworthy) using

weather data simulated by WRF.

TYPICAL WARM PERIOD UNDER THREE
SCENARIOS®

During a typical summer
week, the ambient air
temperature is predicted
to decrease from a range
16.3-39.4 °C in reference
scenario to a range 14.9-
38.6 °C in scenario 2 in
Kuitpo station.

For Scenario 2, the
estimated ambient
temperature reduction is
0.3-3.2 °C compared to
the reference scenario in
Kuitpo 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
Kuitpo station using weather data simulated by WRF.

For scenario 2, the ambient

temperature is predicted

to decrease from 14.0-44.9
°C in reference scenario to
13.4-43.9 °C in Roseworthy

station.
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For Scenario 2, the
estimated ambient
temperature reduction is
0.6-1.7 °C compared to
the reference scenario in
Roseworthy 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 stand-alone house under free floating conditions during a typical summer week in
Roseworthy station using weather data simulated by WRF.



During a typical summer
week, the indoor air
temperature of the
reference scenario ranges
between 21.1-36.9 °C and
20.7-40.2 °C in Kuitpo
and Roseworthy 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 stand-alone house under free-floating conditions during a typical summer week in Kuitpo
station using weather data simulated by WRF.

For Scenario 1 (building-
scale), the maximum
indoor temperature
reduction is estimated
tobe 2.4°Cand 2.2°Cin
Kuitpo and Roseworthy
stations, respectively.

For Scenario 2 (combined
building- and urban-scale),
the maximum indoor
temperature reduction
increases up to 4.0 °C

and 3.1 °C in Kuitpo and
Roseworthy 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 stand-alone house under free-floating conditions during a typical summer week in Roseworthy
station using weather data simulated by WRF.



4

INDOOR AIR TEMPERATURE AND
AMBIENT TEMPERATURE FOR FREE-

d Reference scenario and scenario; estimated F LOAT| N G C O N D |T| O N D U R| N G A

for weather stations presenting the lowest and

highestambient temperatgres in Adelaide (i.e. TYP | CAL CO |_ D P E Rl O D U N D E R TWO
Kuitpo and Roseworthy) using annual measured S C E N A R | O Sd

weather data.

During a typical winter
week, the indoor air
temperature is expected
to decrease from a range
10.4-18.0 °C in reference
scenario to a range 10.3-
17.0°Cin scenario 1 in
Kuitpo 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 existing stand-alone house under free-floating
condition during a winter week in Kuitpo 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 existing stand-alone house under free-floating
condition during a winter week in Roseworthy 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 1.4 and 1.1 °C

in Kuitpo and Roseworthy
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 stand-alone house under free-floating conditions during a typical winter month in

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

Kuitpo 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

Roseworthy 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 Adelide (ie. Kuitpo and A TYPICAL COLD PERIOD AND ABOVE
Roseworthy) using annual measured weather data. 2 6 o C D U Rl N G A TYP | CAI_ WAR M P E R | O De

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 Kuitpo 718 727
predicted to increase from

Roseworthy 680 703

718 hours in reference
scenario to 727 hours; and
from 680 to 703 hours

in scenario 1 in Kuitpo
and Roseworthy 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 temperature

. scenario
air temperature (>26 °C)
is prgd/cted to decrease Kuitpo 284 203 -
significantly from 284
hours in reference scenario Roseworthy 356 300 264

to 203 and 139 hours
under scenario 1 and 2 in
Kuitpo station; and from
356 hours in reference
scenario to 300 and 264
hours under scenario

1 and 2 in Roseworthy
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 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, but given
the fact that it affects the entire building are, the energy conservation potential is
significant. The main features of the building's energy performance both for Kuitpo
and for Roseworthy weather conditions, are presented in Table 7.

Table 7. Energy performance features of Building 17.

Building 17 is 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 important.

Energy performance features Kuitpo Roseworthy
Energy consumption prior cool roof (MWh) 3.7 4.3
Energy consumption after cool roof (MWh) 3.6 4.0
Energy savings (MWh) 0.1 0.3
Energy savings (%) 2.70% 6.98%
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 25 25
Existing roof's renovation costs (AU$/m?) 15.0 15.0

The application of a
coating cool technology
emerges as a meaningful
and appealing investment.
On the other hand,

given the low in absolute
terms value of energy
expenditures and the high
initial investment cost of
the metal cool roof, the
latter is not feasible.

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 2,70% for the Kuitpo weather conditions and of 6,98% for the
Roseworthy 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, that varies
between 6,6% for the low
energy price scenario for
Kuitpo and 19,8% for the
high energy scenario and
for Roseworthy conditions.

The metal cool roof is,

due to its higher initial
investment cost and

the limited in absolute
terms energy savings, not
feasible, for both scenarios
and locations.

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 Kuitpo and for Roseworthy
weather conditions, respectively.

Life Cycle Costs for Building 17 Adelaide

hy A 31 452
Roseworthy H Ene Price 13,643
e 39,224
18 B49
Roseworthy Low Energy Price 26,367
21,413
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Kurtpo High Energy Price 39,295
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18,7530
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Figure 12. Life Cycle Costs for Building 17 for Kuitpo and Roseworthy weather 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 -31.39% -15.32% -23.13% -8.72 %
Coating Cool Roof  6.61 % 15.29 % 11.98 % 19.81 %
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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
Adelaide, the building-scale application
of cool roofs can decrease the two
summer months total cooling load of
a new high-rise apartment from 9.0-
12.3 kWh/m? to 6.0-9.4 kWh/m?2. As
computed, the two summer months
total cooling load saving by building-
scale application of cool roofs is around
2.9-3.3 kWh/m?. This is equivalent to
approximately 23.7-33.9 % 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
Adelaide, the combined building-scale
and urban-scale application of cool roofs
is estimated to reduce the two summer
months total cooling by 4.6-5.2 kWh/m?.
This is equivalent to 37.1-54.9 % 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 (1.4-2.7 kWh/m?) is lower
than the annual cooling load reduction
(3.3-5.9 kWh/m?). As calculated, the
annual cooling load saving by building-
scale application of cool roofs is around
25.8-40.0 %. The annual total cooling
and heating load saving by building-scale
application of cool roofs ranges between
0.6-4.3 kWh/m? (~1.7-10.5 %) (See Table
3 and 4).

+ During a typical summer week and
under free floating condition, the indoor
airtemperature of the reference scenario
ranges between 21.1-36.9 °C and 20.7-
40.2 °C in Kuitpo and Roseworthy
stations, respectively. When cool roofs
are applied at a building scale (scenario
1), the maximum indoor temperature
reduction is estimated to be 2.4 and 2.2
°C in Kuitpo and Roseworthy stations,
respectively. The indoor air temperature
reduction is foreseen to increase further
to 4.0 and 3.71°C by combined building-
scale and urban-scale application of
cool roofs (scenario 2) in Kuitpo and
Roseworthy stations, respectively (See
Figures 4-7).

* During a typical summer week, the
ambient air temperature is predicted to
decrease from a range between 16.3-
39.4 °C in reference scenario to a range
between 14.9-38.6 °C in cool roof and
modified urban temperature scenario
(scenario 2) in Kuitpo station. The
ambient temperature reduction in cool
roof and modified urban temperature
scenario (scenario 2) compared to the
reference scenario is approximately
0.3-3.2 °C. Similarly, the ambient
temperature is predicted to decrease
from 14.0-44.9 °C in reference scenario
to 13.4-43.9 °Cin cool roof and modified
urban temperature scenario (scenario
2) in Roseworthy station. The estimated
ambient temperature reduction is 0.6-
1.7 °C in Roseworthy 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 10.4-18.0 °C in
reference scenario to a range between
10.3-17.0 °C in reference with cool roof
scenario (scenario 1) in Kuitpo station
(See Figure 8).




Similarly, the indoor air temperature
is predicted to slightly reduce from a
range between 10.2-19.5°C in reference
scenario to a range between 10.1-18.5
°C in reference with cool roof scenario
(scenario 1) in Roseworthy 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 1.4 and 1.1 °C for both Kuitpo
and Roseworthy 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 718 hours in reference
scenario to 727 hours in reference with
cool roof scenario (scenario 1) in Kuitpo
station. The estimations for Roseworthy
stations also show a slightly increase
in total number of hours below 19 °C
from 680 hours in reference scenario
to 703 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 284 hours under
the reference scenario in Kuitpo station,
which slightly decreases to 203 and 139
hours under the reference with cool roof
scenario (scenario 1) and cool roof and
modified urban temperature scenario
(scenario 2), respectively.

The simulations in Roseworthy station
also illustrate a significant reduction
in number of hours above 26 °C from
356 hours in reference scenario to 300
in reference with cool roof scenario
(scenario 1) and 264 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 significant reduction of life cycle
costs, that varies between 6,6% for the
low energy price scenario for Kuitpo and
19,8% for the high energy scenario and
for Roseworthy conditions, as it can be
seen in Table 8. The metal cool roof is,
due to its higher initial investment cost
and the limited in absolute terms energy
savings, not feasible, for both scenarios
and locations. 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 important. The application of a coating
cooltechnology emerges as a meaningful
and appealing investment. On the other
hand, given the low in absolute terms
value of energy expenditures and the
high initial investment cost of the metal
cool roof, the latter is not feasible.

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
High Performance Architecture m.santamouris@unsw.edu.au

UNSW SYDNEY, NSW 2052 Phone Website
Australia +61 (02) 9385 1000 https://www.unsw.edu.au



	ADELAIDE.pdf
	Volume 9-Adelaide- 26-02-2022.pdf
	Report_Front_Covers_Adelaide_V2
	B01_Adelaide_Brochure
	B02_Adelaide_Brochure
	B03_Adelaide_Brochure
	B04_Adelaide_Brochure
	B05_Adelaide_Brochure
	B06_Adelaide_Brochure
	B07_Adelaide_Brochure
	B08_Adelaide_Brochure
	B09_Adelaide_Brochure
	B10_Adelaide_Brochure
	B11_Adelaide_Brochure
	B12_Adelaide_Brochure
	B13_Adelaide_Brochure
	B14_Adelaide_Brochure
	B15_Adelaide_Brochure
	B16_Adelaide_Brochure
	B17_Brisbane_Brochure
	Report_Front_Covers_Adelaide_V2

	ADELAIDE



