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for energy efficiency in detached
social housing amid rising CO,
emissions
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and Jihad Awad

Healthy and Sustainable Built Environment Research Center (HSBERC), College of Architecture, Art and
Design, Ajman University, Aiman, United Arab Emirates

Amid the global increase in the residential sector’s electricity supply, demand, and
consumption due to growing population and affluence, a sizeable amount of the
UAE's residential properties continue to depend on conventional electricity
supply from the national grid. Nevertheless, the annual rise in residential
sector electricity uses and subsequent carbon emissions can be mitigated by
promoting grid-tied photovoltaic installations, especially in social housing
developments, to serve as exemplars to the private sector. Therefore, this
study aims to demonstrate a simulation-based method in proposing energy
efficiency retrofitting measures for the Sheikh Zayed Housing scheme, which
is a public housing estate in Ajman, UAE. This study utilized Sketchup and Sefaira,
which are digital design and analysis software to determine building energy and
daylighting performance of seven retrofitting concepts for four different villas.
The concepts include baseline, baseline with photovoltaic systems covering
50%—-100% roof areas, baseline with photovoltaic, window shading, and/or
internal Venetian blinds. This study also estimated the performance of
proposed photovoltaic systems using PVWatts and calculated the simple
payback time with a sensitivity analysis. It was found that four concepts are
able to either produce more than 30% excess electricity for future electricity
consumption expansion (Y6 and Z6) or offset up to 78% of simulated annual
electricity demand (ZT7 and ZS7). The sensitivity analysis highlighted that high
tariffs and strong PV yields guarantee rapid payback (<1 year). Overall, the
methodology used in this study can be replicated onto other housing
schemes, while the findings can be used as a benchmark for future energy
efficiency retrofits in the UAE.

digital analysis, energy efficiency, Sefaira, simulation-based retrofit design,
social housing

1 Introduction

It is widely acknowledged that factors such as rapid environmental deterioration,
fluctuating fuel costs, and growing demands for economic progress in rural regions compel
nations globally to invest in and transition towards alternative fuel sources. These renewable
alternatives aim to sustainably meet national energy needs, contrasting sharply with
conventional fuel methods, which often entail high costs and undesirable compromises,
even for developed nations. Globally, utility providers and regional authorities are actively
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promoting renewable energy to facilitate electrification in isolated
regions and significantly reduce carbon emissions (Abusaibaa et al.,
2020; Elbreki et al., 2020).

Even oil-abundant Gulf Cooperation Council (GCC) countries,
historically dependent on fossil fuels for economic prosperity and
energy provision, are beginning to embrace renewable energy
strategies. Notably, the UAE distinguishes itself within
this region through the UAE Clean Energy Strategy (CES)
that targets 44% renewable energy by 2050, specifically
aiming to produce 7% from solar energy between 2018 and
2020 (Griffiths and Mills, 2016). Up to 2023, the UAE produces
13,312 GWh of electricity from solar photovoltaic (PV), or 7.9%
of the national energy mix (IEA, 2025). Similarly other
countries across the GCC such as Saudi Arabia, Qatar,
Kuwait, Bahrain and Oman are also actively installing PV
technology according to their respectively national visions
and national renewable energy programs (Al-Shidhani and
Hayyan, 2025; IRENA, 2025; Kuwait Government Online,
2024; Ministry of Media - Saudi Arabia, 2025; Sustainable
Energy Unit, 2017).

Besides large-scale solar plants, roof top-mounted grid-tied
(GT-PV) UAE’s
while residential

photovoltaic could enhance the national

aspirations significantly reducing sector
electricity demand. To accelerate the process, deep energy
retrofits are needed especially for recently-built houses while
older and traditional houses could undergo retrofits which are
informed by energy audits, but this could take longer to
accomplish. Deep energy audits for newly constructed houses,
however, could be done through computer simulations to

significantly shorten the decarbonization process.

1.1 Importance of distributed solar
PV systems

It is widely recognized that renewable energy represents the
future direction of global energy production. Various countries are
actively exploring suitable PV technologies and mechanisms to meet
their increasing energy requirements. For example, Albadry et al.
(2017) investigated the use of PV to convert residential buildings in
Egypt into net zero energy buildings for energy and cost savings
besides reduction in carbon emissions. Further, Alfalah (2025)
found that PV could offset as much as 61.7% of an educational
building’s annual electricity needs. Additionally, Ahshan et al.
(2020) investigated the feasibility of rooftop PV for villas in
Oman and proved that the designed system could serve the
required annual energy load plus excess energy that could be
sold back to the grid for extra revenue. These decentralized units,
known as distributed generation (DG) systems, effectively alleviate
grid strain and serve as reliable backup energy sources during peak
demand periods (Hidayatullah et al., 2011).

Other researchers also investigated the viability of distributed
PV installations for rural communities. They highlighted several
benefits that could improve the livability of rural communities.
According to Mamat et al. (2025), solar PV is often the most viable
and scalable solution for rural communities in Southeast Asia.
Meanwhile, Rumbayan et al. (2025) reported that solar energy
has positive effects on healthcare, job creation, education, and
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economic empowerment of rural communities. Earlier, Chohan
et al. (2012) pointed out that environmental degradation,
fluctuating fuel prices, and increasing economic demands in rural
communities compel nations to seek and invest in alternative fuel
sources to meet their energy consumption standards. Additionally,
Yadav et al. (2019) highlighted that well-designed policies could
break energy poverty in Indian rural communities through the use
of off-grid PV systems. Ohler and Fetters (2014) emphasized
renewable energy as a critical element for the future, essential for
economic growth and achieving social equity and sustainable
development.

1.2 Detached house renewable energy
retrofit prospect

Multiple studies indicate renewable energy (RE) systems as
fulfill housing energy
requirements, emphasizing that excess energy can be efficiently

effective  solutions to independent
returned to national grids. Thiers and Peuportier (2012), for
example, found that high-efficiency residential buildings can fully
or partially cover their energy needs, including heating and hot
water, using local renewable resources, and any leftover power can
supplement national electricity supplies. This finding is in line with
Rahdan et al. (2025), who found that distributed PV, installed on
rooftops or parking lots, can also increase self-sufficiency in highly
populated regions. Despite perceptions that renewable energy
systems are prohibitively costly compared to conventional energy,
Casalicchio et al. (2025) suggest that savings on construction
material costs, increased property value, and lower energy
expenses can adequately offset the initial investment in solar
PV systems.

However, limited awareness regarding PV technologies often
discourages individual homeowners from adopting such systems. A
notable study, the Hathaway “Solar Patriot” house project, evaluated
renewable energy feasibility in a changing climate through a 2,880-
square-foot (268 m?®) prototype house. The model emphasized
advanced insulated walls, energy-efficient appliances, and
standardized lighting to achieve a simple yet ambitious goal of
zero annual net energy consumption. Equipped with a 6 kW PV
system, the house consumed 10,585 kWh against 7,510 kWh
generated by the PV system (Norton et al.,, 2005).

Another notable renewable energy-based residential example
was developed in Colorado in 2007 by the National Renewable
Energy Laboratory (NREL), covering an area of 1,280 square feet
(119 m?). The compact structure incorporated superior insulation
levels: R-60 in ceilings, R-40 in double-stud walls, and R-30 flooring.
The house utilized a heat recovery ventilator for ventilation, high-
performance low-E argon-filled solar glass with building envelope
U-values of 0.2 W/m?K for north, east, and west orientations, and
0.3 W/m’K for the southern exposure. The building has a 4-kW
rooftop PV system, which during an assessment period from April
2006 through February 2007 produced 1,543 kWh more than the
household’s consumption, even accounting for reduced production
during blizzards between December 2006 and February 2007
(Norton et al., 2008).

In the UAE, Ahmed and Megahed (2022) demonstrated how
detached public housing in Al-Ain city could be done by retrofitting
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FIGURE 1
Sheikh Zayed Housing (SZH) scheme, Al Ragayeb 2, Ajman (Google Maps, 2025).

FIGURE 2
Housing styles at the Sheikh Zayed Housing scheme, Al Ragayeb 2, Ajman. Source: Authors.

PV panels vertically onto the facades and at a 24° inclination on the ~ expected yearly energy consumption of the modeled house.
roof to fit the architecture. Their simulations proved that the  Similarly, Bande et al. (2021) simulated the electricity
retrofitted systems could produce more electricity than the consumption for a villa in Al-Ain that has been retrofitted
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TABLE 1 Sheikh Zayed Housing unit designs and subsequent models used in the Sefaira analyses.

Front elevation

Type: Yakout
Unit size: 225 m?
Roof size: 226 m*

Ground floor

First floor

Type: Zafeer
Unit size: 195 m?
Roof size: 197 m*

Type: Zumrud 3
Unit size: 373 m?
Roof size: 144 m*

Zumrud 6
Unit size: 355 m*
Roof size: 140 m*

with solar PV as a second roof to great effect architecturally. The
estimated electricity consumption also reduced because of the
retrofitted features. Much earlier, Friess et al. (2012) also
simulated the performance of a Dubai villa with retrofitted
insulation, which significantly reduced the cooling load.
However, they did not propose solar PV installation to
enhance energy efficiency. Mokhtar (2019) discussed technical
and financial challenges in retrofitting UAE villas into net-zero
buildings in line with the Emirates Green Building Council’s
(EGBC) definition. However, no practical retrofitting details
were proposed. Additionally, other studies demonstrated that
retrofitting existing housing stock in the UAE is a priority to
curb CO, emissions; particularly, energy-saving measures in
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villas have achieved approximately 25% improvement (AlFaris
et al., 2016; Alkhateeb and Abu-Hijleh, 2019).

At the national level, the Emirates Green Building Council
(EGBC) outlined a comprehensive deep retrofit approach for
UAE buildings, involving enhancements to energy, water
management, air quality, materials and waste, management and
incorporation of innovation. They also conducted case studies on
schools, malls and hotels, and benchmarked their energy and water
status to increase awareness and promote green building practices
(EmiratesGBC, 2025). The UAE Sustainable Built Environment
Blueprint by EGBC (2025), contextualized ongoing programs by
Abu Dhabi, Dubai and Ras Al Khaimah emirates, and large
companies towards achieving the UAE 2030 Net-Zero Strategic
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TABLE 2 Sheikh Zayed Housing scheme in Ajman construction specifications (Altorath Consulting Engineers, 2014).

External wall

Element/

characteristic

Windows

o Tile finish

o Cement screed

o Reinforced concrete
floor slab

o Polyethene sheet

e Sand filling and
compacted soil

Construction components e 2 mm epoxy paint finish

e Dry base coat with
reinforcing mesh

¢ 80 mm thick polyurethane
insulation

¢ 15 mm external wall plaster

e 200 mm thick block wall

e 15 mm internal wall plaster

o Powder-coated aluminum frame with
double-glazed hinged windows

o Polyflex combo topcoat

e Sloped concrete screed

e Polyfab filter membrane

e Liquid UV protection coat

e 155 mm thick polyurethane foam
insulation board

¢ 300 mm reinforced concrete slab

U-value W/m’K 0.43 0.32

Initiative. This document presents a roadmap for building retrofits
across the UAE and reports significantly retrofitted buildings to-
date. However, residential buildings, particularly villas, are not
included within this roadmap despite the potential for mass
retrofitting programs. Retrofit solutions could be simulated using
easily accessible digital design and analysis tools beyond research-
based studies as reported earlier. Thus, is it possible to propose a
practical method to retrofit villas for energy efficiency using
computer simulations?

Therefore, this study aims to demonstrate a simulation-
based method in proposing energy efficiency retrofitting
measures for a public housing scheme in Ajman, UAE. The
objectives of this study are threefold. Firstly, to simulate the
performance of existing public housing at Ajman’s Sheikh Zayed
public housing scheme in terms of energy and daylighting using
digital design and analysis software. Secondly, is to investigate
the performance of cost-effective solar PV integration and
window enhancements for energy efficiency. The retrofits
should fit the architecture of the studied houses and be in
line with the local culture. Finally, is to propose a strategy for

retrofitting the existing housing scheme and make
recommendations for improving future public housing
in the UAE.

2 Materials and methods
2.1 Case study region and climate

Ajman, situated in the northern part of the UAE, is the smallest
of the seven Emirates but increasingly urbanized particularly due to
the rapid rise in housing demand fueled by the availability of
employment in neighboring Dubai and Sharjah Emirates. The
dominant housing type in Ajman is the one-to three-story villas
particularly in areas away from Ajman downtown areas. This trend
is consistent with other Emirates besides the growing popularity of
mid-to high-rise apartment buildings. Climatically, Ajman has long
and oppressive summers, comfortable and dry winters with yearly
temperatures ranging between 14 and 41 °C (Weatherspark, 2025).
July is the hottest month with an average high of 40 °C. Cloud cover
is mostly clear for 6.4 months of the year from September 2 to March
15, with July as the cloudiest month with cloudy or overcast sky for
44% of the time on average (weatherspark.com, 2025). Further, the
yearly direct normal irradiation (DNI) is 1910.6 kWh/m* with a
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daily global horizontal irradiation (GHI) of 5.923 kWh/m?/day or
2,161.8 kWh/m?*/year (The World Bank, 2025). The GIS-based
Global Solar Atlas, which was developed by The World Bank
group using the validated Solargis model, recommends a solar
PV tilt of 27° at 180" azimuth that could yield 1.746 MWh of
total PV power output. Accordingly, the lowest monthly average
PV power yield is in February at 134.2 kWh and highest in May at
156.9 kWh (The World Bank, 2025).

2.2 Sheikh Zayed Housing (SZH) scheme, Al
Ragayeb 2, Ajman

The master plan (as shown in Figure 1) reflects a structured
and community-focused approach to public housing which is
consistent to those built in other Emirates in the UAE,
integrating thoughtful urban planning principles with local
cultural and environmental sensibilities. With a total of
306 plots across sizes 25x30, 24x30, 23x30, and others, the
design caters predominantly to the middle-class demographic,
emphasizing affordable, high-quality living spaces. The layout
employs a linear and recursive planning model, evident in the
repetition of housing clusters along clearly defined axes. The
streets are aligned in a grid-like configuration, promoting
efficient land use, accessibility, and architectural harmony.
This planning model
replication in future developments. Figure 2 shows the street

enables scalability and ease of
views within the development.

Green belts weave through the community, acting not just as
aesthetic features but also as key social nodes. These green
corridors are strategically located between rows of villas and
at intersections, functioning as shared public spaces. They foster
social interaction, afford play areas for children, and encourage
community cohesion, aligning with the UAE’s goals for inclusive
and healthy neighborhoods. The consistent spacing and sizing of
green zones also contribute to thermal comfort and passive
cooling, vital for desert climates. The planning strongly
supports a walkable community. Narrower internal roads,
multiple access points to green belts, and limited cul-de-sacs
encourage pedestrian movement. The linear arrangement
ensures most homes are within a short walking distance of
open spaces and local roads, reducing reliance on vehicles.
The continuous sidewalks and lack of dead-end zones further
enhance mobility and connectivity.
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TABLE 3 Summary of Sefaira simulation settings.

10.3389/fbuil.2025.1721416

Weather location (EPW)

Sharjah Sw, AE-SH AE (8 km from site) — determined by Sefaira after keying in the exact address

Envelope

Fagade glazing:

o Assembly U-value

e Solar heat gain

Walls:

2.73 W/m’K (double glazing)
0.6

o Assembly type
¢ Assembly U-value

Concrete block
0.43 W/m?K (with insulation)

Floors:

e Floor finish

o Ground floor U-value

Tiles
0.32 W/m’K (default with no insulation)

Infiltration:

o Infiltration type

Crack infiltration

¢ Roof U-value

e Design infiltration rate 2.00 L/s-m
Roofs:
 Roof type Concrete

0.25 W/m?K (with insulation)

Shading

3D model shading

Software shading:

Analyse shading drawn in 3D model

» Horizontal shading

Automated blinds and shades:

Large overhang (600 mm) for Y4-5, Z4-5, ZT4-5 and ZS4-5

e Shading type applied
« Control basis

e Solar gain threshold

Internal Venetian
Solar gain on glass
100 W/m?

Space use

Design loads:

e Occupant density

50 m*/person

e Annual diversity factors

HVAC schedule:

e Operating hours

o Setback to setpoint ramp up time

Day schedules:

o Equipment density 5.0 W/m?*

o Lighting power density 32.0 W/m*
Design temperatures:

e Setpoint temperatures 20; 24

o Setback temperatures 18; 28

12 am.-4 am. (30%); 5 a.m.—6 a.m. (50%); 7 a.m. (30%); 8 a.m.-2 p.m. (15%); 3 p.m.-4 p.m.
(30%); 5 p.m. (40%); 6 p.m. (60%); 7 p.m.—9 p.m. (80%); 10 p.m. (60%); 11 p.m. (30%)

12 am.-12 am.
1h

o Internal loads applied

¢ HVAC system operating on

7 days per week
7 days per week

Frontiers in Built Environment

(Continued on following page)

06 frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2025.1721416

Ismail et al.

TABLE 3 (Continued) Summary of Sefaira simulation settings.

Weather location (EPW)

10.3389/fbuil.2025.1721416

Air-side

VRF system:

¢ Heat rejection

Central outdoor AHU:

Air-cooled

e Cooling coil source
e Heating coil source

e Design airflow basis

VREF fan coil unit (each zone):

Air-cooled DX
No heating

Zone ventilation rate

e Heating/cooling source VREF loop
PV
Solar PV:

e PV panel efficiency 19%

¢ PV panel orientation 180

o PV panel tilt 24

e PV panel area

PV 9 — Yakout (Y) 226 m? Zafeer (Z) 197 m?* Zumrud Three (ZT) 144 m?% Zumrud Six (ZS)
140 m?

PV;5 — ZT 108 m% ZS 105 m?*
PVso - Y 113 m% Z 98.5 m% ZT 72 m% ZS 70 m*

TABLE 4 Seven concepts for tests in Sefaira.

Concepts Description

Y1, Z1, ZT1 and ZS1 Baseline

Y2, 72, ZT2 and ZS2 Baseline + PV oy (100% of roof area)

PV panel area

Y - 226.0 m%; Z - 197.0 m% ZT - 144.0 m? and ZS - 140.0 m?

Y3, Z3, ZT3 and ZS3 Baseline + PV, (50% of roof area)

Y4, Z4, ZT4 and ZS4 Baseline + PV, and window shading (WS)

Y - 113.0 m% Z - 98.5m% ZT - 72.0 m? and ZS - 70.0 m?

Y5, Z5, ZT5 and ZS5

Y6, 76, ZT6 and ZS6 Baseline + PV5, and automated Venetian blinds

Baseline + PV, window shading and automated Venetian blinds (AVB)

ZT7 and ZS7 Baseline + PV, and automated Venetian blinds

Y, Yakout; Z, Zafeer; ZT, Zumrud Three and ZS, Zumrud Six.

Within this development in Ajman, there are four housing types,
namely, Yakout, Zafeer, Zumrud Three, and Zumrud Six, which are
symbolically named after precious stones, suggesting a cultural
narrative of value and uniqueness. These types are distributed
across three packages (A, B, and C), with Zumrud being the most
common. This stratification reflects variations in design, size, or cost,
providing diversity while maintaining unity. It also allows for design
personalization within a cohesive community, avoiding segregation
and design rigidity often seen in large-scale public housing. All
designs have a flat reinforced concrete roof without tall buildings
or adjacent structures that cast shadows onto the units, providing
good potential for PV installation on the roof. Table 1 shows the
differences in design and subsequent models used in the
Sefaira analyses.

Frontiers in Built Environment

ZT - 144.0 m® and ZS - 140.0 m’

2.3 Selection of digital analysis tools

Previously studied retrofitting prospects for houses and offices
used various design and simulation software such as REVIT,
eQUEST, DesignBuilder, and DIVA for Rhino (Alfalah, 2025;
Khoukhi et al., 2020; Mangan, 2023; Mesloub et al., 2020). This
research, however, is mainly conducted using two simulation
software, namely, Sefaira and PVWatts. Sefaira is an energy and
daylighting (using the Radiance engine) analysis plugin attached to
Trimble’s SketchUp. Simplified 3D models created with SketchUp
can be immediately tested with the Sefaira plugin without the need
for exporting to separate building analysis software. Deeper energy
(using the EnergyPlus engine) and thermal comfort analyses are
done online on the Sefaira Web app. Sefaira uses EnergyPlus
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TABLE 5 Reported annual electricity data for villas in the United Arab Emirates and the Kingdom of Saudi Arabia.

Source Annual electricity consumption (kWh/year) Location
Al-Tamimi et al. (2026) 33576.0 Najran, KSA
Al-Tamimi (2021a) 61404.0 Jazan, KSA
27370.0 Khamis Mushait, KSA
43792.0 Najran, KSA
Al-Tamimi (2021b) 32130.0 Najran, KSA
45934.0 Najran, KSA
Almasri et al. (2020) 29155.0 Qassim, KSA
34448.0 Qassim, KSA
Ahmed and Megahed (2022) 58300.0 Al-Ain, UAE
Bande et al. (2021) 92436.8 Al-Ain, UAE
32100.0 UAE
Al-Saleh and Taleb (2015) 43000.0 KSA
Esmaeil et al. (2019) 30031.0 Sharorah, KSA
Alayed et al. (2021) 19000.0 Riyadh, KSA
31000.0 Riyadh, KSA
Alardhi et al. (2022), Almasri et al. (2021) 67095.0 Riyadh, KSA
Alrashed and Asif (2015) 50910.0 Riyadh, KSA
75990.0 Dhahran, KSA
72560.0 Jeddah, KSA
25960.0 Khamis Mushait, KSA
Taleb and Sharples (2011) 24395.0 Jeddah, KSA
W. Ahmed et al. (2019) 64000.0 Dhahran, KSA
Friess et al. (2012) 44814.0 Dubai, UAE

Weather (EPW) file and creates cooling and heating days from it for
each project based on ASHRAE 90.1 standard (Corney, 2018).
EnergyPlus is a US DOE open-source state-of-the-art whole-
building energy simulation engine while Radiance is listed as a
recognized simulation software (US DOE, 2025). Past studies used
EnergyPlus to conduct detailed energy modelling and make
recommendations for design improvements (Lachir and Nia,
2023; Soufiane and Nia, 2023). Nevertheless, this study utilized
Sefaira because it has a user-friendly interface, fit for architects
and designers that allows various user inputs without much
complication and produces results for cooling, heating, heat
rejection, energy use, energy cost, CO, emissions, and comfort.
Users are able to test various parameters, including building
envelope, shading, space use, HVAC’s air and water, natural
ventilation, PV, and zoning. Thus, this study is easily replicable
for similar houses in other contexts.

Sefaira was used in previous studies such as Wibawa et al. (2021)
on a university campus building, Nabilah et al. (2021) on a church
and Chohan et al. (2024) on a heritage house. These studies reported
detailed energy modelling results that led them to propose various
design upgrades to improve energy consumption. However, there

Frontiers in Built Environment

are limited studies that validate simulations through Sefaira. A study
by Nindita et al. (2025) detailed
environmental variables and granular energy analysis resulted in

revealed that Sefaira’s

higher energy consumption findings compared to EDGE when used
on buildings in a university campus. They recommended using both
Sefaira and EDGE in tandem for a deeper understanding of building
energy-efficiency. Similarly, this study uses NREL’s online PVWatts
calculator to verify Sefaira’s PV results. PVWatts is an industry-
trusted calculator that uses the NREL’s National Solar Radiation
Database in relation to the geo-location for a studied project.

2.4 Digital modelling and building analysis

The building thermal envelope of selected houses was modeled
using simplified building geometry in SketchUp and tagged with
geo-location. This was to allow for accurate analysis without double-
counting surfaces of thick walls, roofs, floors, and fenestrations. Each
surface in the model was identified as external/internal walls, open/
fixed glazing, roof, floor, or shading to allow Sefaira to properly
conduct building analysis. Then, the daylighting analysis was
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FIGURE 3

10.3389/fbuil.2025.1721416

Sun path diagram for all studied houses. (a) Yakout. (b) Zafeer. (c) Zumrud Three. (d) Zumrud Six.

conducted by selecting model entities. For this study, the lux levels
and daylight factors were observed to investigate existing daylighting
conditions. Further analysis was conducted online using the Sefaira
Web app. Based on literature and building specifications, the
building envelope thermal transmittance was set. Table 2 lists the
building specifications that were input into Sefaira for the analysis.
The rate of heat transfer, or U-values, for the construction
components was estimated using ROCKWOOL (2025) calculator
for the external walls and roof and OTM (2025) for double glazing,
while the Sefaira default was maintained for the uninsulated
concrete ground-bearing slab.

As for the air-conditioning system, a split-system with an air-
cooled outdoor compressor was selected, as it is widely used in UAE
housing due to its cost-effectiveness and ease of maintenance. No
heating was considered for this study, as cooling is needed for most
of the year. Additionally, natural ventilation was also excluded from
the analysis, as it is extremely challenging to operate free-running
buildings in the UAE due to the harsh hot and dry climate, besides
building occupant expectations. Various parameters were identified,
such as a 20 °C-24 °C temperature setpoint range, an 18 ‘C-28 “C
temperature setback range (temperature setting during unoccupied
hours), internal loads applied, and the HVAC system operating for
7 days per week (12a.m.-12a.m.), as well as the annual diversity

Frontiers in Built Environment

factor to reflect the space usage of a family with school-going
children, working parents, and a maid. Table 3 summarizes all
important Sefaira simulation settings.

Beyond the initial baseline model, six more design concepts were
tested. Each concept has additional features, including solar PV,
600.0 mm deep horizontal shading on all windows, and automated
internal Venetian blinds on all windows. Sefaira’s default window
shading and automated Venetian blinds were selected. For the six
additional iterations, three PV panel areas (PV 40, PV;5 and PVsg)
were keyed into Sefaira to determine the full on-site energy
generation potential. Please refer to Table 4 for exact PV panel
areas for all studied houses. Nevertheless, roof-mounted PV
installations must suit the house design and support the usability
of the roof area for family events. As is, during colder months in the
UAE, families utilize the space on the roof for various activities, and
shading by the roof-mounted PV system would be beneficial.
Therefore, all SketchUp models were updated with PV panels
that fit onto the roof up to two-thirds of the building depth to
limit the visual impact caused by the panels when viewed at eye level
within the house compound. Thus, a sixth and seventh iterations
were added with the new PV area plus automated Venetian blinds
for all windows. It is important to highlight that PV panel efficiency
was set at 19%, which is lower than values reported by Ahmed and
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FIGURE 4

Lux level analysis for all selected houses. (a) Yakout. (b) Zafeer. (c) Zumrud Three. (d) Zumrud Six.

Megahed (2022). Further, as the study location sits in the Northern
Hemisphere, the PV panel orientation (azimuth) was set to 180" at a
24° panel tilt (Ahmed and Megahed, 2022). Table 4 outlines the
differences between all six iterations that were evaluated in Sefaira.
In order to complete PVWatts calculations using the two PV panel
areas, the DC system size was calculated based on the following
Equation 1 (NREL, 2025).

Size (kW) = Arrayarea (m?) x 1 kW /m” x Module efficiency (%)
(1)

Other settings, such as PV panel azimuth and tilt, were the same
as keyed into Sefaira. Additionally, the module type was set to a
‘Standard’ crystalline silicon module with a 19% approximate
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nominal efficiency and a —0.37%/°C temperature coefficient of
selected the
installation of cost-effective PV systems rather than premium
(21% efficiency) or thin-film panels (18%).

power. Standard modules were to simulate

2.5 Simulation validation

In order to validate the simulated results, the simulated baseline
annual electricity demand was compared to those reported in
previous research as listed in Table 5. The average annual
electricity consumption is 45,191.3 kWh with a standard
deviation of 19,452.4 kWh. The simulated baseline annual
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FIGURE 5
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Daylight factor study for all selected houses. (a) Yakout. (b) Zafeer. (c) Zumrud Three. (d) Zumrud Six.

electricity amounts are 42,782.7 kWh (Y1); 35,728.5 kWh (Z1);
68,556.3 kWh (ZT1) and 65,382.8 kWh (ZS1). It is determined that
simulated annual electricity amounts for all tested houses are well
within normal range (<+2) by calculating the z-score which
are —0.12 (Y1), —0.49 (Z1), 1.20 (ZT1), and 1.04 (ZS1). Further,
through confidence interval validation (CI = 7,949.84; a = 0.05;
standard deviation = 19,452.4; n = 23), it is found that the simulated
amounts for Y1, ZT1 and ZS1 are consistent with reported data.
However, the simulated value for Z1 is slightly below the CI but
not extreme.

3 Results
3.1 Daylighting

Two tests were done using Sefaira to determine the
daylighting performance for each selected house during
summer (21 June) and winter (21 December) solstices. These
are the dates for the longest and shortest days of the year when
extreme instances of daylighting are observed. Figure 3 shows
the sun path diagram for each house type and its own shadow
casting during the winter solstice. For both dates it is observed
that the lux levels range from 0 lux to 800+ lux for various rooms
in each studied house. Rooms with large operable windows, such
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as the Majlis, bedrooms, and living and dining rooms, are mostly
well-lit or overlit due to no shadows cast by any surrounding
structures.

Due to the absence of any shading devices on the windows,
daylight illuminated most perimeter rooms without penetrating
deep into the houses, as shown in Figure 4. Conversely, rooms
with small windows, such as toilets, receive a minimum amount of
daylight due to the small window sizes, thus requiring artificial lights
for indoor lighting most of the day.

However, daylight factor (DF) analysis shows that Yakout and
Zumrud Six houses received less than the recommended DF range of
2%-5% for residential properties at 1.76% and 1.86%, respectively.
This is due to size of windows designed for the Majlis for both
houses. Conversely, the Majlis at Zafeer and Zumrud Three houses
received ample daylighting over the course of the year, as their DF
are 2.18% and 2.80%, respectively, as shown in Figure 5. Despite the
low levels of daylighting, most houses would remain empty during
the day except for weekends, as the occupants would either be at
work or school. Therefore, daylight control is needed to limit heat
gain instead to reduce the cooling load.

Additionally, spatial daylight autonomy (sDA) was also
assessed for the houses using Sefaira. Although the target
sDA level is 300 lux for 50% of occupied period according to
the IES LM-83-12 standard (De Luminae, 2025), only Zumrud
Six (51%) achieved this target as shown in Figure 6. The sDA for
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FIGURE 6

(d) Zumrud Six.

Spatial daylight autonomy (sDA) and annual sunlight exposure (ASE) levels for all tested houses. (a) Yakout. (b) Zafeer. (c) Zumrud Three.

TABLE 6 Baseline concepts’ energy performance.

House EUI (kWh/ Annual electricity Annual cooling Percentage of annual  Annual net CO,e
type m?/yr) demand (kWh/yr) energy (kWh/yr) electricity demand (%) (kgCOye/yr)
Yakout (Y1) 176.9 42,782.7 10,518.8 24.6 21,391.4
Zafeer (Z1) 182.9 35,728.5 9,980.1 27.9 17,864.2
Zumrud 184.1 68,556.3 19,537.7 285 34,278.2
Three (ZT1)

Zumrud 184.3 65,382.8 18,548.8 28.4 32,6914
Six (zS1)

Yakout is below the benchmark threshold at only 30%. This
situation is caused by the small window-to-wall (WWR) ratio for
all tested houses, which are 6.98% (Yakout and Zafeer), 9.42%
(Zumrud Three), and 7.29% (Zumrud Six). However, the
corresponding annual sunlight exposure (ASE) values for all
tested houses far exceeded the standard at 30% of work plane (set
at 0.85 mm), and exceeded the 1,000 lux threshold for more than
250 occupied hours per year according to the same IES LM-
83-12 standard (De Luminae, 2025). Observed ASE values
indicate that many rooms with the tested houses suffered
from glare and caused extra cooling costs. The sDA and ASE
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levels for the Majlis in Yakout (67% and 64%), Zafeer (88% and
68%), Zumrud Three (92% and 53%), and Zumrud Six (78% and
53%) indicate a lack in suitable window sizes for daylighting.
Figure 6 below shows the sDA and ASE results from Sefaira.

3.2 Energy

Energy analyses revealed several interesting findings concerning
the amount of electricity needed to operate these houses, renewable
energy required, and the ensuing carbon emissions, as well as the
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TABLE 7 Simulated energy performance concepts due to renewable energy generation and passive measures.

Concepts Annual Difference PV Annual net Extra RE Annual Net CO,e
electricity (VA Generation electricity generated/ emission
demand (kWh) (kWh) Use (kWh) Deficit (%) (kgCO,e/year)
Y1 (Baseline) 42782.7 — 0.0 42782.7 — 21391.4
Y2 (PV40) 42782.5 0.0 100134.2 ~57351.7 134.1 ~28675.9
Y3 (PVs) 40007.9 6.5 50067.1 ~10059.2 25.1 ~5029.6
Y4 (PV5, and WS) 39,2514 83 ~10815.7 276 ~5407.9
Y5 (PVsg, WS 38882.9 9.1 ~11184.2 28.8 ~5592.1
and AVB)
Y6 (PVso 39373.3 8.0 ~10693.8 27.2 ~5346.9
and AVB)
Y7 (PVs 39373.3 8.0 75100.7 ~35727.4 90.7 ~17863.7
and AVB)
71 (Baseline) 357285 — 0.0 35728.5 — 17864.2
72 (PV100) 357283 0.0 87285.1 ~51556.8 144.0 -25778.4
73 (PVs) 35728.4 0.0 43642.6 ~7914.1 222 ~3957.1
74 (PVso and WS) 34810.0 26 -8832.6 254 -4416.3
Z5 (PVsy, WS 34326.1 39 -9316.5 27.1 —4658.2
and AVB)
76 (PVs 34896.9 23 -8745.6 25.1 -4372.8
and AVB)
77 (PVs 34896.9 23 65463.9 ~30567.0 87.6 ~15283.5
and AVB)
ZT1 (Baseline) 68556.3 — 0.0 68556.3 — 34278.2
ZT2 (V) 64614.8 5.7 63802.3 812.4 -1.3 406.2
ZT3 (PVs) 64614.8 5.7 31901.2 32713.7 ~50.6 16356.8
ZT4 (PVs, 62740.8 8.5 30839.7 —49.2 15419.8
and WS)
ZT5 (PVsy, WS 62069.2 9.5 30168.0 —48.6 15084.0
and AVB)
ZT6 (PVs, 63353.9 7.6 31452.8 -49.7 15726.4
and AVB)
ZT7 (PV 00 63353.9 7.6 63802.3 —448.5 0.7 -2242
and AVB)
781 (Baseline) 65382.8 — 0.0 65382.8 — 32691.4
782 (PV 100) 62733.9 4.1 62030.1 703.9 -11 351.9
783 (PVsp) 62734.0 4.1 31015.0 31718.9 -50.6 15859.5
784 (PVs, 61404.6 6.1 30389.5 -49.5 15194.8
and WS)
785 (PVso, WS 60626.6 7.3 29611.6 -48.8 14805.8
and AVB)
756 (PVs, 61521.9 59 30506.9 —49.6 15253.4
and AVB)
(Continued on following page)
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TABLE 7 (Continued) Simulated energy performance concepts due to renewable energy generation and passive measures.

Concepts Annual Difference PV Annual net Extra RE Annual Net CO,e

electricity (VA Generation electricity generated/ emission

demand (kWh) (kWh) Use (kWh) Deficit (%) (kgCO,e/year)

787 (PVi00 61521.9 5.9 62030.1 -508.2 0.8 -254.1%
and AVB)

PV g0 = 100% of roof area i.e., Yakout (Y) - 226.0 m? Zafeer (Z) - 197.0 m? Zumrud Three (ZT) - 144.0 m? and Zumrud Six (ZS) - 140.0 m%
PVso = 50% of roof area ie., Y - 113.0 m? Z - 98.5 m? ZT, 72.0 m* and ZS, 70.0 m”.

PV,5 = 75% of roof area i.e., Y - 169.5 m?> and Z - 147.75 m>.

WS, 600.0 mm deep window shading.

AVB, automated venetian blinds.

TABLE 8 Differences between PVWatts and Sefaira annual generated electricity.

PV System Annual Annual Annual Extra Offset  Annual
area Size (kW) generated generated electricity electricity (%) generated
(m2) electricity electricity demand generated (%) electricity
(kWh/yr) (kWh/yr) Sefaira  (kWh/yr) difference with
PVWatts Sefaira (%)
113.0 215 38558.0 50067.1 39373.3 — 97.9 -29.8
98.5 187 33610.0 43642.6 34896.9 — 96.3 -29.9
169.4 322 57837.0 75100.7 39373.3 319 — -29.8
147.8 28.1 50416.0 65463.9 34896.9 30.8 — -29.8
144.0 27.4 49136.0 63802.3 63353.9 — 77.6 -29.8
140.0 26.6 47771.0 62030.1 61521.9 — 77.6 -29.8

energy use intensity (EUI). In terms of absolute electricity net electricity to accommodate future needs such as building

consumption, Zumrud Three, which is the largest unit at 373 m?>,  expansion or EV chargers without requiring a substantial system

has the largest baseline electricity demand at 68,556.3 kWh/yr, almost ~ overhaul (Yasu Trading Co, 2025). However, Zumrud Three and

double the amount for Zafeer at 35,728.5 kWh/yr as shown in Table 6. Six require PV systems that cover 100% of their roofs to generate
However, the EUI for Zafeer is larger than Yakout despite having ~ 0.71% and 0.83% extra electricity when internal Venetian blinds

lower annual electricity demand at 182.9 kWh/m?/yr; 35,728.5kWh/  are also installed (ZT7 and ZS7). Further, passive measures such

yr and 176.9 kWh/m?*/yr; 42,782.7 kWh/yr. Comparatively, Zumrud ~ as 600 mm deep window shading and automated Venetian blinds

Three and Zumrud Six have much larger gross floor areas, but the  reduce the annual electricity demand relative to the baseline and

EUI calculations are almost similar to Zafeer at 184.1 kWh/m?/yrand  mitigate glare as pointed out earlier. However, the differences

184.3 KWh/m?/yr respectively. This observation is caused by Zumrud ~ between having window shading plus automated Venetian

Three and Zumrud Six larger non-air-conditioned kitchens  blinds compared to automated Venetian blinds only are

compared to Zafeer despite the substantially higher annual marginal at 2.3%-8.5% from the baseline annual

electricity demand and net floor areas. Additionally, the carbon electricity demand.

emissions for each square meter of floor area are as much as 95.1,

91.6, 91.9 and 92.1 kgCO,e/year. The net yearly carbon emissions . .

reduce significantly and become negative for concepts with PV 4 Discussion

systems as shown in Table 7 below. Please note that the indicated

annual net electricity = PV generation-annual electricity demand, 4.1 Financial viability

thus, the negative annual net electricity use values indicate net export

to the grid. The installation of solar PV systems, besides passive measures
Beyond the baseline concepts, six more iterations were  such as window shading and automated Venetian blinds, would

simulated in Sefaira, as shown in Table 7. These new  contribute to the wider national sustainability agenda. Based on the

concepts have PV systems that either fully cover the roof or  research findings, utilization of renewable energy and passive

smaller areas (50% or 75%) as previously mentioned. measures would completely offset all theoretical electricity

Consequently, the excess generated electricity is substantially ~ consumption and keep building operational costs down to a

larger (27.2% for Yakout and 25.1% for Zafeer at 50% roof  minimum. Therefore, the findings above are rationalized for

coverage) than the consumption, producing enough annual  practical application based on current solar PV system
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TABLE 9 Simple payback time (SPBT) for solar PV and automated Venetian blind installations for citizens and expatriates.
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installation costs in the UAE, and the Etihad WE electricity tariff for
citizens, among others to estimate the return on investment (ROI)
and payback period.

As is, citizens are charged 7.5 filss/kWh (AED 0.075/kWh) on a
single slab by Etihad WE that supplies electricity for the Ajman
Emirate (EtthadWE, 2025). Meanwhile, a 1 kWh solar PV system
costs between AED 2,500 and AED 4,000 for villas (Dubai Electricity
and Water Authority, 2023; Shahzadi, 2025). Referring to Table 7, all
proposed solar PV systems are oversized even with lower PV areas.
At the same time, the PV yield was cross-checked with PVWatts, and
it was found that Sefaira’s estimations were approximately 30%
lower than PVWatts™ despite similar settings as shown in Table 8.
Unlike Sefaira, PVWatts considers system losses, which were set to
11% (AL-Rasheedi et al., 2020; Aurora Solar, 2025), DC to AC size
ratio of 1.2, and 96% inverter efficiency (NREL, 2025).

Therefore, for the simple payback time (SPBT) calculation,
PVWatt’s annual PV generation data were used instead.
Additionally, smaller PV areas were used to determine solar PV
systems that could sufficiently offset 100% or most of the annual
electricity demand for each house. Further, only automated
Venetian blinds were considered for the SPBT calculation to
avoid architectural modifications to the facades while limiting
costs. In the UAE, the average cost for installing automated
Venetian blinds is AED 200 (Aura Curtains, 2024; Euro Curtains,
2024). The SPBT was calculated based on the following Equations 2,
3, and the calculated results are shown in Table 9.

Cost = (System size x PV cost)
+ (Window area x Automated blinds cost) 2)
SPBT (years) = Cost + Savings (3)

Subsequently, the same scenarios were recalculated for expatriates
as a reference for other housing developments (refer to Table 9). The
Etihad WE electricity tariff for expatriates is 23 fils/kWh for the first
2,000 kWh and 28 fils/kWh for 2,001-4,000 kWh. Thus, the annual
savings were calculated accordingly, especially for Zumrud Three and
Zumrud Six that have daily electricity demands of 173.6 kWh and
168.6 kWh, respectively. As a result, the payback periods are shorter or
approximately a third of citizens in line with findings by Salim and
Abu Dabous (2022). It is worth noting that these SPBT calculations do
not consider the operations and maintenance costs, such as inverter
replacements and financing costs. As is, Abu Dhabi Commercial Bank
(ADCB) and RAK Bank offer green loans from 4.5% per annum for up
to 25 years (ADCB, 2025; RAK Bank, 2025).

Additionally, a one-way sensitivity analysis was done based
on PV installation cost, financing, electricity tariff as reported
earlier, and self-consumption range of 40%-60% - 80% based on
(National Energy Action, 2025). Further, operations and
maintenance (O&M) range of 0.5%-1.0%-1.5% is based on
Walker et al. (2020) cost models for rooftop PV O&M.
Consequently, it is found that electricity tariff levels and PV
yield are the dominant drivers of ROI, while PV capex and O&M
costs have relatively minor effects. For citizens, moving from a
low tariff (0.06 AED/kWh) to a high tariff (0.10 AED/kWh)
nearly halves the simple payback time, while expatriates benefit
even more due to higher tariff ranges (0.23-0.33 AED/kWh). PV
cost reductions improve ROI but are quickly overshadowed by
tariff and yield effects. O&M variations (0.5%-1.5% of capex)

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2025.1721416

Ismail et al.

TABLE 10 Key sensitivity analysis calculation parameters.

10.3389/fbuil.2025.1721416

Parameter Citizens Expatriates Notes
PV cost (AED) 2,500-4,000 2,500-4,000 Lower cost improves ROI
Electricity tariff (AED/kWh) 0.06-0.075-0.10 0.23-0.28-0.33 Higher tariff increases savings

PV yield (kWh/yr) 33,610-57,837 (PVWatts)

33,610-57,837 (PVWatts)

High = +29.8% uplift (Sefaira)

Self-consumption (%) 40-60-80 40-60-80 Neutral effect under equal export credit
O&M (% of capex/yr) 0.5-1.0-1.5 0.5-1.0-1.5 Minor impact

Loan interest 5% 5% Fixed across scenarios

Loan tenure (years) 15-20-25 15-20-25 Longer tenure lowers annual payment
Financing share 85% 80% Down payment: 15% citizens, 20% expatriates

FIGURE 7

Tornado diagram showing parameters most strongly influence ROI in the Y7 concept for both citizens and expatriates.

and financing tenure adjustments (15-25 years at 5% interest)
only fine-tune results, with breakeven achieved in less than a
year across all scenarios. Self-consumption has no impact under
equal export credit assumptions. Overall, the analysis highlights
that high tariffs and strong PV yields guaranteed rapid payback
(<1 year), making financing terms and O&M secondary
considerations. The key calculation parameters are shown in
Table 10 and corresponding tornado diagram in Figure 7.

Nevertheless, installing roof-mounted solar PV at the Sheikh
Zayed housing scheme in Ajman is beneficial, as this development is
within the same geo-location as Sharjah that has the highest capacity
for solar PV energy generation compared to other locations
throughout the UAE (Said et al., 2021). Finally, the proposed PV
panels on the flat roof allow for ease of maintenance, as the panels
have to be cleaned at least once a month to limit sand and dust
deposits, as recommended by the Regulation and Supervision
Bureau (2017).

Frontiers in Built Environment

4.2 Contextualizing against existing UAE
green building initiatives

The research findings point towards the technical possibility of
retrofitting mass housing in the UAE particularly villas built under the
Sheikh Zayed National Housing program to house Emiratis besides
other large-scale commercially-developed villas. It is crucial that these
houses are retrofitted to enhance the delivery of EGBCs UAE
Sustainable Built Environment Blueprint to achieve the UAE
2030 Net-Zero Strategic Initiative. At singular house level, retrofitting
project teams and architects can replicate the methodology
demonstrated in this paper before undertaking work on-site, and
replicate them repeatedly for other similar projects one-by-one.
However, encouraging large-scale housing retrofits for energy
efficiency would require a comprehensive program built upon tried
and tested initiatives such as the Pear] Rating System for Estidama (Abu
Dhabi) since 2016 and Al Sa’fat (Dubai) green building regulations since
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2010 with a wide range of indicators and requirements besides
energy efficiency.

As is, the case studies featured in this paper could achieve several
requirements within Al Sa’fat. For instance, three out of four studied
houses comply with DBC Part B 6.5.2.1. with window glazing area to
room area ratio of 11.7% (Zafeer), 13.3% (Zumrud Three) and 11.8%
(Zumrud Six), more than the minimum of 10%. The window to floor
area ratio for Yakout however is 9.1%, thus no compliance.
Nevertheless, all studied houses comply with DBC Part B 6.5.2.2.
Daylighting, which stipulates that a room depth should not exceed
three times the width of the wall with a window (Government of Dubai,
2021). Besides this, the construction specifications used for the external
walls and roof comply with the maximum required in Al Sa’fat Part
501.01 Minimum Building Envelope Performance Requirements.
However, the double-glazing U-Value at 2.73 W/m2K is more than
the maximum of 2.1 W/m2K for buildings with a WWR <40%.
Changing the windowpanes could push the retrofitting cost higher
than demonstrated earlier. Further, the lighting power density used in
the simulations is lower than the maximum of 6.9 W/m2 for residential
(common interior areas), stipulated in the DBC Part H 7.2 as required
by Al Sa’fat Part 502.04 Lighting Power Density-Interior (Government
of Dubai, 2021). Lastly, the proposed solar PV installation should
comply with DBC Part K 9.3 Renewable Energy in accordance with
Al Sa’fat Part 504.01 On-site Renewable Energy (for villas) to ensure fire
safety besides other Dubai Electricity and Water Authority (DEWA)
solar PV installation standards.

5 Conclusion

The SZH initiative is a government-sponsored scheme providing
single-family homes exclusively for UAE nationals, currently dependent
on conventional electricity supplied by the national grid. This research
thoroughly evaluated the feasibility of adopting GT-PV retrofit systems
within SZH residences, specifically examining the daylighting
conditions, energy consumption profiles, and thermal comfort to
propose optimal retrofit solutions. This study was limited to the
reliance on simulation-based assumptions and the absence of field
validation. Additionally, it could only validate the simulated annual
electricity use per square meter against reported data from previous
studies across the GCC region. Besides these, only operational carbon
was assessed, not embodied carbon, behavioral variations not included,
PV degradation, maintenance, or inverter lifetime assumptions were also
not modeled.

After reviewing seven GT-PV configurations involving four types
of houses that were tested using Sefaira and PVWatts, this research
proposed a specific retrofit model designed for single-family houses
that meets their entire electricity demand. Simulation results show
that even with small PV panel areas covering 50% of Yakout and
Zafeer roof areas, the proposed GT-PV systems can produce surplus
electricity. However, for Zumrud Three and Six, a PV panel area
covering 75% could only offset 38.8% of their respective electricity
consumption. Even a system covering 100% of their roofs could only
offset 77.6%. In addition to automated Venetian blinds, the most
viable retrofitting concepts are Y6 and Z6 (PV5) at payback period of
approximately 30 years for citizens, as well as ZT7 and ZS7 (PV ) at
approximately 25 years. The payback periods for expatriates are
considerably shorter at approximately 10 years for the same concepts.
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Nevertheless, despite the high upfront investment, the proposed
retrofits are financially viable and should be encouraged.

These findings can be used as a practical guideline when retrofitting
existing similar properties in the UAE and a benchmark for assessing
installed systems. Theoretically, this study demonstrated that energy
modelling is a crucial part of retrofitting process and could be done with
design-based simulation software such as Sefaira for the convenience of
architects and designers. The reported results are in line with deep
energy retrofit requirements, involving passive and mechanical solutions
towards net-zero social housing in the UAE without affecting the
existing architecture, and in line with the UAE Sustainable Built
Environment Blueprint. Finally, future housing energy retrofit studies
should investigate the viability of retrofitting traditional UAE or Arabian
houses for energy efficiency and improved indoor lighting,
implementation policy framework, besides using lifecycle analysis
(LCA) and conducting embodied carbon assessments.
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