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Executive summary

This study is performed to assess barriers, implementation benefits and drawbacks, as well as to develop
recommendations for the next revision of the Australian National Construction Code (NCC). Specifically, the

purposes of this report are:

x To identify the barriers in the application of cool roofs in Australia and collect recommendations to
address these barriers.

X To review previous research concerning the effectiveness of the cool roof application on solar PV
efficiency.

X To roughly estimate the installation cost of cool roofs in Australian states and then evaluate the related
job creation in order to encourage the development of policies, programs, and markets to deliver cool
roofs across Australia.

X To analyse the current regulatory context on the optical-radiative properties of rooftops in Australia in
order to offer recommendations that DISER can consider in preparation for the next revision of the

National Construction Code, planned for 2025.
The whole study involved the following phases:

Phas H AXDOWLWDWLYH DQG TXDOLWDWLYH DQDO\VLV Rl $iXxtieNikdtpiaakd) Q FRR
six categories of potential barriers are pre-identified for attendees to select from. Additional barriers shared by the

stakeholders as well as the proposed recommendations to overcome the barriers, are collected.

Phase 2: Systematic literature review of the literature concerning the effectiveness of the application of the cool

roof on PV panels efficiency. During the second phase, selected eligibility criteria for systematic literature review,

information sources, literature search and study records, and calculation methodology have been identified, and

then the calculation methods for the three most relevant articles are elaborated. Data sources, included Scopus,

Web of Science and Google Scholar, were used in this review study. Snowballing was also used on full texts that

PHW WKH LQFOXVLRQ FULWHULD 6WXG\ HOLJLELOLW\ FULWHULD ZHUH LQI
OR
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The traditional retrofitting roofs with cool roofs can lead to relevant gains in PV output and additional
environmental benefits, including building energy savings and urban heat mitigation.
Integration of solar PV with cool roofs helps reduce peak electricity demand and PV-cool roofs is able to
generate more electricity than PV-green roofs (Green roofs can increase annual PV energy yield by 1.8%,
and cool roofs, with higher albedo, can by 3.4% (Cavadini and Cook, 2021)).
Although PV with a lower tilt angle have a higher performance during summer, and the systems with higher
tilt angle have a higher performance during the winter season, the compensation of the cool roof paint can
change the general understanding of the tilt angle of PV panels.
The performance of PV technology in urban context can be improved by : 1) designing panels that can
more effectively reject heat that does not turn into electricity (Sailor et al., 2021), 2) high reflective coating
IRU 39 SDQHOV ZKLFK PLJKW F@BRal® et & RWZL),IKistAllIRYHY @aels wikh/distance
from the roof to provide air gaps and ventilation (Wang et al., 2006b; Cavadini and Cook, 2021), 4)
developing hybrid Photovoltaic Thermal (PVT) collector with various mass flow rates due to their ability to
increase outlet temperature, output voltage and output power as well as to decrease panel surface
temperature and environmental pollution (Aste et al., 2015; Senthilraja et al., 2020), and 5) developing
building-integrated photovoltaics (BIPV) roofing system due to their indirect shading impact and ability to
produce electricity, especially with decreasing PV costs (Dehwah and Krarti, 2021).
The total minimum and maximum potential cost of cool roof installation for all roofs in Australia in 2020 is
AUD$6.86b (USD$4.94b) and AUD$89.18b (USD$64.21b), respectively.
The cost breakdown of building type is 84% residential, 9% commercial, and 7% industrial (as at 2020).
The estimated minimum annual cost of applying cool roof for new roofs is AUD$168m (USD$121m), and
the maximum is AUD$2.19b (USD$1.58b).
Applying cool roof strategy for total roofs in 2020 could provide between
X 34,576 to 449,490 direct jobs,
x 1,008 to 13,105 indirect jobs, and
X 58,285 to 757,711 induced jobs.
Annually, the application of cool roofs can provide in average:
X 5,940 direct jobs,
x 173 indirect jobs, and
X 10,013 induced jobs.
Currently, The NCC sets a maximum solar absorbance of 0.45 for non-residential buildings, without a
separate limit for flat and pitched roofs and no limit for residential buildings
In the current version of the NCC, the provision could be circumvented with a performance solution, missing
the climate impacts
Also, no measurement procedures concerning solar reflectance and thermal emittance are explicitly
mentioned in the NCC where the provision on maximum solar absorbance is given
The following proposals are made in preparation for the consultation before the NCC2025 revision:

x Proposal 1. Use the Solar Reflectance Index instead of Solar Absorptance.

x Proposal 2. Add a performance requirement on mitigation of urban overheating in Section J or an

entirely new section.
x Proposal 3. Limits to SRI for all buildings, including residential.

x Proposal 4. Limits apply to retrofits.
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Table 1 Recommendations proposed by the stakeholders to overcome the financial barriers and the corresponding
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To overcome these barriers, the initiative that has received the strongest voices is to include heat mitigation
considerations into dynamic building performance simulations supporting the verification of National Construction
Code (NCC) energy requirements (Section J) for residential (Nationwide House Energy Rating Scheme (NatHERS)
or Building Sustainability Index (BASIX) in NSW) or commercial buildings. Specific advocacy was made to consider
the benefits of heat resilience components like cool roof materials on micro-climate and energy saving. A low-cost
government energy audit process and the auditing of the product claims have also been proposed by multiple

stakeholders. Moreover, the attempts to establish the Australian cool roof council, have an agreed National
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measurement methods, the data obtained based on different measurement environments can be inherently
different. When the parameters of various products are not comparable, it is impossible for the evaluation, which

is detrimental to the reliability of all products.

Figure 3 Product related barriers selected and reported by the cool roof stakeholders.

Technically, installation complexity, challenges of installation on existing buildings, and the risk of performance
deterioration are barriers selected by some individual stakeholders, as shown in Figure 4. But these technical
barriers do not appear to be universal. The barrier to retrofitting is mainly an economic issue instead of a technical
one. Some stak.nl42ntl71 0 595.32 841.92877 Tm 0 g 61y2uttechnical
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Figure 4 Technical barriers selected and reported by the cool roof stakeholders.

At this stage, clear guidelines on cool roof standardisation for the Australian market is most urgently needed, see
Table 3. The focus on further development and commercialisation of cool roof technologies and advancements in
cost reduction and efficiency improvement is recommended. Some stakeholders consider an improved paint
system that is economical and durable will likely have a much greater direct practical impact than the best technical

solution. Stakeholders have also recommended that

o0 Standardise minimum warranties of no less than 10 years in order to have any commercial viability

0 Topcoats to be water-based coatings with a minimum spread rate of 5 m? per litre to bring down the cost.

Table 3 Product and technic-based recommendations proposed by the stakeholders to overcome the related

barriers and the corresponding votes each recommendation receives

Category Recommendations (Direct quotes from the collected responses) Votes
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Focus on durability. Many of the leading-edge solutions use material that are
subject to breakdown with heat and or UV. Any new product must be of
similar durability to existing product and no less than 10 years in order to

have any commercial viability.
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knowledge about the long-
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Promote aesthetics. This is perhaps a marketing task; however, we should
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2. Impact of Cool Roofs on the Performance of PV Systems

2.1 Introduction

Currently, urban areas or metropolitan areas worldwide are significantly warmer than their surrounding rural areas
because of the urban heat island (UHI) effect due to the increasing world's population and human activities. UHI
is being exacerbated by local and regional climate change, which causes an increase in extreme temperatures,
thermal distress, heat stress, and heat-related mortality and morbidity (Santamouris et al., 2017b). Overheating in
urban areas is a well-documented phenomenon, occurring in more than 400 cities worldwide (Santamouris, 2019).
Urban overheating is largely caused by synoptic weather conditions, thermal properties of the materials (absorbing

solar radiations or opaque surfaces that release heat), limited evaporative surfaces, lack of vegetation,
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1. At the urban scale, cool roofs reduce urban air temperatures by decreasing the quantity of heat transferred
from roofs to the urban environment (Zinzi and Fasano, 2009; Zinzi and Agnoli, 2012; Santamouris et al.,
2017a; Santamouris, 2020).

2. At the building level, cool roof application improves indoor thermal comfort, and it decreases energy bills by
decreasing the usage of mechanical air conditioning systems (Pisello et al., 2013; Santamouris et al., 2021).
Cool roofs allow for the saving of electrical energy throughout the building and eliminate the threat of voiding
warranty claims. Cool roof application can decrease ~10 #0% in air conditioning energy (Akbari et al., 2005;
Synnefa et al., 2007).

3. Inthelong run, a lower temperature on the roof reduces maintenance and, therefore, extends its lifespan (Parker
et al., 1998).

4. Cool roofs may also help improve the solar cells' efficiency in a Photovoltaic (PV) system for generating
electricity (Yozwiak and Loxsom, 2010; Altan et al., 2019).

Most studies focused on the impact of a cool roof on the indoor comfort in buildings, which is a critical factor for
building environments; however, equally, it is essential to quantify the other benefits such as the benefits through
other active systems, i.e., solar technologies. While solar photovoltaic (PV) technology is known as a renewable
energy technology that reduces greenhouse gas emissions, a recent systematic review study has shown that solar

panels can significantly warm the urban environment during the day but typically cool the urban environment at
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of selected papers either focused exclusively on cool roof technology or PV systems, and only 10 of them conducted

an integration of two systems.

Figure 9 Number of papers published with respect to their employed methodology

Table 6 shows the characteristics (Article title, Country/climate type, Source title, Author/s, Year of publication,
Research aim, Methods and findings) of the more relevant articles that were used in this review study. The articles
ZHUH GLYLGHG LQWR 3GLUHFWO\ UHOHYDQW  DQG 3L Q Glotxhemwsdrelay&hO HY D Q

articles were explained.
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Table 6 characteristics of the more relevant articles that were used in this review study (Directly relevant : blue sections, Indirectly relevant : green sections). The articles
were ordered chronologically.

N  Location/ @ Research aim Theoretical or Findings Reference
0o Climate experimental study

of project
1
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photovoltaic solar
modules at texas
green power microgrid

analysis by
installing the
THERMAX

f Installing Tigo
power optimiser
at each module

f Comparing the
percentage of
power generation
by cool/hot
module along with
load and battery
performances

f Comparing
ENERGY STAR®
certified cool roof
by changing cool
roof
characteristics

N Location/ = Research aim Theoretical or Findings Reference

0 Climate experimental study
of project

3 | Zurich, f Todevelop a Theoretical f The adapted SAM model contribute planners and stakeholders to (Cavadini
Switzerla calculation method Experimental compare the benefits of different rooftop configurations and Cook,
nd that takes into account f The thickness and the thermal conductivity of the roof have a huge 2021)

the characteristics of f The modified impact on surface temperature.
roof surfaces when System Advisor f A sustainable roofing configuration could increase the annual energy
simulating PV panel Model (SAM) yield of PV panels in Zurich by 3.4% for a cool roof, on average. It
energy yield. f Rooftop energy shows that for every 0.1 increment of roof albedo, the annual energy
comprehend how four balance model to yield of PV increases by 0.71%.
roofing configurations estimate the roof f For green and cool roofs, respectively, surplus electricity could
(black membrane, surface represent 15% and 28% of the annual household electricity
white membrane, rock temperature (this consumption.
ballasted and stage provides f Changing to cool roofs would produce, on average, 60 GWh more
vegetated) affect PV input to the per year.
panel yield modified SAM

version)

4 | Texas, To analyse and Theoretical f Sol-air temperature measurement showed an increase in system (Rahmani
United present the impacts of | Experimental HITLFLHQF\ RI ZKHQ FRROLQJ ORDG zZD| etal.,
States cool roof coating on f A 14.9% increase in overall efficiency 2021)

roof-mounted f Modelling thermal f An additional 10.41% of solar power and an extra 9.37% of current

production when comparing cool and hot energy sources
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Location/ = Research aim Theoretical or Findings
Climate experimental study

of project

- f To explain the role of Theoretical
urban surfaces in
developing climate
resilient and
sustainable cities

f To propose a
catalogue of solutions
for the urban surface
use. The catalogue
offers the main surface
uses suitable for the
built environment. It
also discusses the
potential conflicts and
synergies among them
in the view of a
multiple and integrated
utilisation of urban
surfaces.

Reference
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N Location/
o Climate
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Australia f
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Location/
Climate
of project

Sharjah,
UAE

Research aim

f Toinvestigate the
impact of cool roof

Theoretical or
experimental study

Findings

Reference
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=

Location/
Climate
of project

Research aim

f To review studies
about roofing methods
for flat roofs. Ten
roofing methods are

Theoretical or
experimental study

Findings

Reference
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N Location/ = Research aim Theoretical or Findings Reference
o  Climate experimental study
of project
2 | Greece f Toinvestigate the PV | Theoretical f Based on the simulation results, seasonal heating loads increase by (Kapsalis
1 roof effect annually on | Experimental 6.7% and cooling loads decrease by 17.8% in the top floor under typical and
EXLOGLQJTV H energy management considerations. The BAPV roof external flow is Karamanis
demand (reducing the dominated by complex and time-dependent conditions and strongly , 2015)
cooling and heating influenced by the temperature difference between the surface and the fluid.
building loads) during f the top floor of the building's energy performance improves due to a
different seasons decrease in total weighted heating and cooling load demands by 3.2% on an
annual basis.
f Inorder to achieve efficient design and enhanced net zero energy
operations, the effect of roof added PV panels needs to be taken into
consideration for seasonal strategies.
2 | Milan, f Todevelop a Theoretical f As part of the proposed model, various terms affecting the performance (Aste et
2 ltaly mathematical model Experimental of hybrid collectors are taken into account, such as the spectral efficiency, al., 2015)
for estimating the the angle of incidence of solar radiation on the surface, the temperature loss
electrical and thermal and the thermal inertia of the collector.
production of an f It has been shown that the numerical model has provided accurate
innovative glazed PVT simulations of the daily thermal and electrical performances on days with
component with water different weather conditions.
as the heat transfer f Regarding primary energy, PVT technology offers higher overall
fluid. efficiency than simple PV modules.
2 | Greece f To examine the shading Theoretical f PV panels have a significant effect on roof surface temperature between (Kapsalis
3 and cooling effects of roof- shaded and exposed portions of the roof during the summer. et al.,
mounted photovoltaics (PV) Experimental f As well as generating electricity, the rooftop PV system can passively 2014)
reduce the daily rooftop cooling energy and peak load during the hot summer
f TRNSYS days.
simulation
2 | - f Toreview previous studies | Theoretical f An up-to-date overview of the technology is presented here, with a (Aste et
4 on water flat plate PV-thermal special focus on recent technological advancements and on the future of the al., 2014)

collectors

field.

30|Page









Location/
Climate
of project

San
Diego,
California,
United
States

Research aim

f To measure the
thermal conditions
across a roof profile
partially covered with
solar photovoltaic (PV)
panels in San Diego,
California

Theoretical or
experimental study

Theoretical
Experimental

Findings Reference

~ ~ T~ o~

A thermal infrared image taken on a clear April day showed the PV
arrays to be 2.5 K cooler than the exposed roof during the day.
Under the PV array, daytime roof heat flux was significantly reduced.
During the night, the solar arrays were warmer than the exposed
roof, indicating that they acted as insulators.

A PV covered roof did not reduce the annual heating load but did
reduce
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2.3 Calculation methods

This section elaborates on calculation methods for the three most relevant articles:

231 3*UHHQ DQG FRRO URRI FKRLFHY LQWHJUDWHG LQWR URRIWRS VR
Cavadini and Cook (2021)

Currently, there are different solar energy models such as System Advisor Model* (Blair et al., 2018), PVlib
(Holmgren et al., 2015), and PVSYST (Mermoud and Lejeune, 2010) that use energy and mass equations to

simulate a range of PV configurations and climatic systems. These models, however, do not take the
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x 'HVLIJQLQJ DQG IDEULFDWLQJ D WDLORUHG SDQHOTTV UDHMRNasLQ WKL\
coated with special reflective paint (cool coating) and combined with the PV panels support rack).
X Measuring increased solar radiation onto the PV surface by sensors and storing digitally with a data
logger and workstation
Seven parameters were applied to compare the readings, including Irradiance difference in W/m2, Power
difference in %, Energy production difference assuming 16% efficiency, Energy in WH without cool painted

carpet (or with black carpet), Energy in WH with cool painted carpet, and Energy difference in WH.
Overall, these experiments confirmed that:

X There is a possible impact of 5 #10% improvement with the cool roof applications.

X Mainly climatology, orientation, latitude, azimuth angles, tilt angle, and in a particular geographical
region and usage over a period of time, affect the performance of PV systems (Yakup, Mohd Azmi bin
Hj Mohd and Malik, 2001; Said and Mehmood, 2017). As previous studies showed, the systems with
higher tilt angles have a higher performance during the winter season, and the systems with lower tilt
angles have a higher performance during summer (Yakup, Mohd Azmi bin Hj Mohd and Malik, 2001;
Babatunde et al., 2018).

X The higher the tilt angle, the higher the irradiance levels. A PV panel with a cool coating generate more
power at angle 45, largely due to the greater amount of reflection and solar radiation generated by the
cool coating, partLFXODUO\ DW WKH H[SHULPHQWfV WLPHIUDPH

x 3&RRO &DUSHW" FDVH SHUIRUP PRUH HIIHFWLYHO\ DW DQG GHJL
between the average of power difference. The average power difference at angle 45 is 2.9%, and at
angle 35 it is 4.0%.

233 32&RRO URRI FRDWLQJ -mbuhiad-photBvQitdit Rdkar modules at texas green
SRZHU PLFURJULG ™ E\ H§EORRPDQL HW DO

Rahmani et al. (2021) did comprehensive thermal analyses for residential buildings in this study, focusing on

the analysis of the cool roof-mounted solar photovoltaic system. They apply 186 solar photovoltaic 330-W
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Figure 11 7+(50%; WHFKQLTXH 7KHUPD[S IRU WKHUPDO HYDOXDWLRQ |
(Rahmani et al., 2021)

X Analysing critical characteristics of the solar cells, such as the heat flux and the solar
photovoltaic cell equations, so that modules can be arranged on the cool/hot roofs of case studies.
x Installing Tigo power optimiser at each module to observe the instantaneous performance of
each solar module.

x Applying a power efficiency comparison between cool and hot surfaces, taking into
consideration the maximum expected generation for each string, to verify the cooling load
hypothesis.

x Comparing the percentage of power generation by cool/hot module along with load and battery
performances.

x Comparing ENERGY STAR® certified cool roof by changing cool roof characteristics
(Rahmani et al., 2021)

Generally, this study had the following achievements:

X Sol-air temperature measurement showed an increase in system efficiency of 0.15% when the cooling
load was reduced by 0.5%/0.3 °C.

x  All critical characteristics of the module cell, such as voltage, current, power, and fill factor, were
monitored and compared to the experimental B-grade modules. Using the aforementioned data, the

diode, load, shunt, and reverse saturation currents of the cell were calculated.
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2.4 Results and Discussion
2.4.1 Sustainability of PV -cool roofs

As discussed before, cool roof technology reduces urban air temperatures by decreasing the quantity of heat
transferred from roofs to the urban environment (Zinzi and Fasano, 2009; Zinzi and Agnoli, 2012). Cool roof
application also improves indoor thermal comfort, and it decreases energy bills by decreasing the usage of
mechanical air conditioning systems (Pisello et al., 2013). Various recent studies show that cool roof
technology is one of the most efficient rooftop mitigation strategies in decreasing air temperature and energy
consumption in the urban context (Akbari et al., 2005; Santamouris et al., 2011; Santamouris et al., 2021,

2021). Extrapolating and analysing previous studies show that replacing dark roofs with cool roofs can save
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G H V H U {Broadbaniet al., 2019). While some studies refer to Increasing albedo by 0.05 as a way to diminish
the negative impact of urban deployment of low-e solar PV (Taha, 2013) VRPH RWKHUV VDLG XVLQJ
DOEHGR™ WR DQDO\VH WKH FRahtid2amaly teRperaRure 3sforiyR Gindflifldation which can
lead to erroneous predictions (Sailor et al., 2021). These conflicting results are because some studies assume

PV panels are thermally massive surfaces with an effective albedo which is an incorrect assumption (Sailor et
al., 2021)
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experimental study conducted in a Mediterranean climate compared the conventional roof with PV panels and
concluded that an integrated roof could increase heating loads by 6.7% in winter and cooling loads by 17.8%
in summer (Kapsalis and Karamanis, 2015). However, the produced energy depends on multiple
environmental factors such as day to day variation due to temperature fluctuation, clouds, precipitation events,
shading and soiling. Dominguez et al. (2011) also conducted measurements of the thermal conditions through
a roof profile on a building partially covered by PV panels in California. Thermal infrared images taken on a
clear April day showed the PV arrays to be 2.5 °C cooler than the exposed roof during the day. The roof heat
flux under the PV array also reduced significantly during the day. Their study showed that PV-covered roofs

reduce annual cooling load by 5.9 kwWh/m? or 38%.

As discussed before, reducing PV cell temperatures can improve PV efficiency. In 2010, Yozwiak and
Loxsom (2010) developed a low-cost method to passively cool roof-mounted photovoltaics to improve
electricity production. Their original system consisted of an aluminium plate in thermal contact with the
module back and a fin extension exposed to the open air. They found that both fin systems, which differed
by the length of the exposed fin, provided an average 0.12°C cooling effect when the temperature gradient
between the modules and the ambient was greater than 1°C. The study proved that the concept of a plate
with an exposed fin could effectively cool a roof-mounted photovoltaic module. Similarly, another study stated
that the effect of PV ventilated roofs on cooling load reduction is the same as cool roofs with a reflectance of
0.65 (Wang et al., 2006b). However, the impact of installing PV on top of a cool roof system on heating

energy has not been fully investigated in the literature (Dehwah and Krarti, 2021).

Shading of the building from solar radiation also impacts building energy demand. The roof shaded by solar
panels can increase domestic heating needs by 3% in the winter (Masson et al., 2014); however, it results in
a 12% reduction in the energy needed for air conditioning during summer. It also reduces the UHI effect and

reduces surrounding temperatures by 0.2 °C on summer days and up to 0.3 °C at night.

Summertime heat flux through the roof deck can also be reduced after installing PV panels on roofs and
applying cool roof strategies. PV has resulted in a substantial heat flux reduction, about 60 3%, and cool
roofs resulted in 33% heat gain reduction requiring the replacement of black roofs with cool roofs or PV-cool
roofs (Park et al., 2019). In terms of an integrated roof, the preliminary simulation results indicate that for a
reference conventional roof (U value = 2 kJ/h m? K, gre \ ! WKH %,39 FDQ UHGXFH WKH KHI
ZKHUHDV D FRRO URRI ZLWK ! FDQ UHG Keapsahy &t ldl. REILBD)W 10X[ E\ DERXW

However, the size of both energy savings and heat reduction depends on factors such as the albedo of roof
surfaces being shaded, climatology conditions, the level of building insulation, and other building construction
and operation characteristics. Therefore, the impact of PV on building energy demand depends on many

factors and then generalising the impacts is difficult (Sailor et al., 2021).

2.4.4 PV solar panels efficiency

There are several factors affecting the efficiency of PV technology, such as climatology conditions, roof
design, panel tilt, panel slope, Solar PV type, distance from the roof, cell temperature, the temperature on
the back of the panel, solar panel shading, long-wave radiation on the back of the panel, power-efficient and

installation types such as land-based solar farms or floating PV panels. In addition, despite the fact that most
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currently installed and available PV technologies have an electrical efficiency rating of between 15% and
20%, the actual working efficiency may differ significantly from these values, especially during hot summer
months (Sailor et al., 2021). Further, the UHI effect, air pollution, partial shading due to scarcity of open space
in urban areas and accumulation of contaminants on the PV surface (soiling) may result in further loss of PV
efficiency (Sailor et al., 2021).

Some research showed that PV panels perform better during colder months in some climate zone (e.qg.,
Sailor et al., 2021, Chumpolrat et al., 2014, Oh et al., 2010). Research conducted in an experimental study
in Thailand found that PV power output peaks when the ambient temperature is lower than 35 °C on a monthly
basis (Chumpolrat et al., 2014). Another study from Arizona showed that the power generation of PV panels
was reduced by 30% due to high PV cell temperatures (around 90°C) (Oh et al., 2010).

Sailor et al. (2021) suggested multiple approaches to reduce PV cell temperatures, such as: 1) Cool the
underside of the PV panel by circulating coolant, 2) use phase change materials (Hasan et al., 2016; Kibria
et al.,, 2016; Kant et al.,, 2020), 3) combination of rooftop PV systems with green roofs. While these
approaches can add capital cost to the system and increase module construction costs, they are able to
decrease cell temperature and increase PV efficiency. Another study has shown that PCM's use can reduce
cell peak operating temperature by nearly 7 °C (Hasan et al., 2016). Using silicon heterojunction technology
was also mentioned as a possible material to achieve efficiencies above 20% in high-temperature
environments. However, these materials could act differently in different climate zone (Descoeudres et al.,
2015).

The optimum performance of a PV panel also depends on the amount of incident solar radiation on it. So, a
panel needs to be inclined at such an angle that maximum sunrays intercept its top surface vertically. So, Tilt
angle impacts the performance, efficiency and electrical parameters of a PV module because PV panels'
performance depends on the amount of received solar radiation. Every 5° increment in module tilt can
decrease indoor power output by 2.09 W and outdoor power output by 3.45 W (Mamun et al., 2021). So, the
higher tilt angle, the higher the irradiance levels (Altan et al., 2019). However, the integration of solar PV with
cool roofs application can act differently in winter and summer. PV panels applied on the cool roof generate
more power at angle 45, mainly due to the greater amount of reflection and solar radiation generated by the
cool coating paint. In addition, PV with a lower tilt angle have a higher performance during summer, and the

systems with a higher tilt angle
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Figure 12 Criteria for evaluating the effectiveness of solar PV applications integrated with cool roofs application

,Q WKH SUHVHQW UHSRUW WKH HIIHFW RI FRRO URRIV RQ 39 VRODU SDQ
reviewing previous studies. Some studies mentioned roof albedo as the most important factor impacting the

efficiency of both cool roofs and PV panels. The inferences of the study are summarised in the following way:

x For every increase in roof albedo by 0.1:

0 The annual energy yield of PV increases by 0.71%-1.36%.

o Cool roof performance increases by 14%.

0 Roof surface temperature decreases by 3.1-5.2 °C. A decrease by 1 °C in the roof

surface temperature increases PV system efficiency by 0.2-0.9%.

However, these correlations depend greatly on several factors, including panel efficiency assumptions, the
albedo of the reference scenario, location of PV-cool roofs, type of building, and the scale of our atmospheric
model (mesoscale or microscale).
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Overall, the following conclusions have been drawn:

1. The traditional retrofitting roofs with cool roofs can lead to relevant gains in PV output and additional
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4. The majority of studies have either focused exclusively on the impacts of cool roof technology or PV
systems on building indoor comfort and urban environment. Very little is currently known about the
effects of integrated roof systems on both mesoscale and microscale.

5. As the microclimatic conditions and geograph
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3. Cool Roof Market Potential

3.1 Introduction

Cool roofs are currently emerging as one of the most important strategies to lower the temperature of buildings,

improve indoor comfort and safety, reduce energy bills
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3.3

Annual roof installation in Australia from 2015 to 2020

According to the estimated data from NEXIS, around 67 km? of new roofs were installed from 2015 to 2016

(see Table 8). The roof area installation was increased by 310 km? from 2016 to 2020, with around 77.5 km?

new roof installation each year (see Table 9). According to Volume 1 (International Progress, T